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AIMS SCOPE AND PUBLICATION STANDARDS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) an international, scientific, open
access periodical published in accordance with
independent, unbiased, and double-blinded
peer-review principles. The journal is the official
publication of istanbul University, istanbul Faculty of
Medicine and it is published quarterly on January,
April, July and October. The publication language of
the journal is English.

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) aims to contribute to the literature by
publishing manuscripts at the highest scientific level
on all fields of medicine. The journal publishes original
experimental and clinical research articles, reports of
rare cases, reviews articles by invited researchers who
have a reputable place in the international literature
in their field, and letters to the editors as well as brief
reports on a recently established method or technique
or preliminary results of original studies related to all
disciplines of medicine from all countries.

The journal’s target audience includes researchers,
physicians and healthcare professionals who are
interested or working in all medical disciplines.

The editorial and publication processes of the journal
are shaped in accordance with the guidelines of the
International Committee of Medical Journal Editors
(ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee
on Publication Ethics (COPE), European Association
of Science Editors (EASE), and National Information
Standards Organization (NISO). The journal is in
conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Journal of Istanbul Faculty of Medicine is currently
indexed in Web of Science - Emerging Sources
Citation Index (ESCI), TUBITAK ULAKBIM TR Index,

CABI Global Health Database, EBSCO-Academic
Search Complete, EBSCO Biomedical Index, DOAJ,
Scopus and SOBIAD.

Articles published in our journal can be used in
TUBITAK ULAKBIM TR-Index and international
publication categories in associate professorship
applications.

Processing and publication are free of charge with
the journal. No fees are requested from the authors at
any point throughout the evaluation and publication
process.

All expenses of the journal are covered by the
Istanbul University.

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such
materials. The final responsibility in regard to the
published content rests with the authors.

All published content is available online, free of
charge.

Editor: Birsen Karaman

Address: Istanbul University, istanbul Faculty of
Medicine Deanery, Turgut Ozal Cad. 34093, Capa,
Fatih, Istanbul, Turkiye

Phone: +90 212 414 21 61

E-mail: itfdergisi@istanbul.edu.tr

Publisher: istanbul University Press

Address: istanbul University Central Campus,
34452 Beyazit, Fatih/Istanbul, Turkiye

Phone: +90 212 440 00 00
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INSTRUCTION TO AUTHORS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) is an international, scientific, open
access periodical published in accordance with
independent, unbiased, and double-blinded peer-
review principles. The journal is the official publication
of Istanbul Faculty of Medicine of istanbul University
and it is published quarterly on January, April, July
and October. The publication languages of the
journal is English.

Journal of Istanbul Faculty of Medicine (J Ist Facul-
ty Med) aims to contribute to the literature by pub-
lishing manuscripts at the highest scientific level on
all fields of medicine. The journal publishes original
experimental and clinical research articles, reports
of rare cases, reviews articles by invited researchers
who have a reputable place in the international liter-
ature in their field, and letters to the editors as well
as brief reports on a recently established method or
technique or preliminary results of original studies
related to all disciplines of medicine from all coun-
tries.

EDITORIAL POLICIES AND PEER REVIEW PROCESS

The editorial and publication processes of the jour-
nal are shaped in accordance with the guidelines of
the International Council of Medical Journal Editors
(ICMJE), the World Association of Medical Editors
(WAME), the Council of Science Editors (CSE), the
Committee on Publication Ethics (COPE), the Euro-
pean Association of Science Editors (EASE), and Na-
tional Information Standards Organization (NISO).
The journal conforms to the Principles of Transpar-
ency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation poten-
tial are the most important criteria for a manuscript
to be accepted for publication. Manuscripts submit-
ted for evaluation should not have been previously
presented or already published in an electronic or
printed medium. The journal should be informed of
manuscripts that have been submitted to another
journal for evaluation and rejected for publication.
The submission of previous reviewer reports will ex-
pedite the evaluation process. Manuscripts that have
been presented in a meeting should be submitted

with detailed information on the organization, includ-
ing the name, date, and location of the organization.

Manuscripts submitted to Journal of Istanbul Faculty
of Medicine will go through a double-blind peer-re-
view process. Each submission will be reviewed by
at least two external, independent peer reviewers
who are experts in their fields in order to ensure an
unbiased evaluation process. The editorial board will
invite an external and independent editor to manage
the evaluation processes of manuscripts submitted
by editors or by the editorial board members of the
journal. The Editor in Chief is the final authority in the
decision-making process for all submissions.

An approval of research protocols by the Ethics Com-
mittee in accordance with international agreements
(World Medical Association Declaration of Helsinki
“Ethical Principles for Medical Research Involving
Human Subjects,” amended in October 2013, www.
wma.net) is required for experimental, clinical, and
drug studies and for some case reports. If required,
ethics committee reports or an equivalent official
document will be requested from the authors. For
manuscripts concerning experimental research on
humans, a statement should be included that shows
that written informed consent of patients and vol-
unteers was obtained following a detailed explana-
tion of the procedures that they may undergo. For
studies carried out on animals, the measures taken
to prevent pain and suffering of the animals should
be stated clearly. Information on patient consent, the
name of the ethics committee, and the ethics com-
mittee approval number should also be stated in the
Materials and Methods section of the manuscript. It
is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may re-
veal the identity of the patients, signed releases of
the patient or of their legal representative should be
enclosed.

All submissions are screened by a similarity detection
software (iThenticate by CrossCheck).

In the event of alleged or suspected research mis-
conduct, e.g., plagiarism, citation manipulation, and
data falsification/fabrication, the Editorial Board will
follow and act in accordance with COPE guidelines.
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Each individual listed as an author should fulfill the
authorship criteria recommended by the Internation-
al Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends
that authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or
design of the work; or the acquisition, analysis, or
interpretation of data for the work; AND

2 Drafting the work or revising it critically for import-
ant intellectual content; AND

3 Final approval of the version to be published;
AND

4 Agreement to be accountable for all aspects of
the work in ensuring that questions related to the
accuracy or integrity of any part of the work are
appropriately investigated and resolved.

In addition to being accountable for the parts of the
work he/she has done, an author should be able to
identify which co-authors are responsible for specific
other parts of the work. In addition, authors should
have confidence in the integrity of the contributions
of their co-authors.

All those designated as authors should meet all four
criteria for authorship, and all who meet the four cri-
teria should be identified as authors. Those who do
not meet all four criteria should be acknowledged in
the title page of the manuscript.

Journal of Istanbul Faculty of Medicine requires cor-
responding authors to submit a signed and scanned
version of the authorship contribution form (avail-
able for download through http://jmed.istanbul.
edu.tr/en/content/manuscript-submission-guide/
manuscript-submission-guide) during the initial
submission process in order to act appropriately on
authorship rights and to prevent ghost or honorary
authorship. If the editorial board suspects a case of
“gift authorship,” the submission will be rejected
without further review. As part of the submission of
the manuscript, the corresponding author should
also send a short statement declaring that he/she
accepts to undertake all the responsibility for author-
ship during the submission and review stages of the

manuscript.

Journal of Istanbul Faculty of Medicine requires and
encourages the authors and the individuals involved
in the evaluation process of submitted manuscripts
to disclose any existing or potential conflicts of inter-
ests, including financial, consultant, and institutional,
that might lead to potential bias or a conflict of in-
terest. Any financial grants or other support received
for a submitted study from individuals or institutions
should be disclosed to the Editorial Board. To dis-
close a potential conflict of interest, the ICMJE Po-
tential Conflict of Interest Disclosure Form should be
filled in and submitted by all contributing authors.
Cases of a potential conflict of interest of the editors,
authors, or reviewers are resolved by the journal’s Ed-
itorial Board within the scope of COPE and ICMJE
guidelines.

The Editorial Board of the journal handles all ap-
peal and complaint cases within the scope of COPE
guidelines. In such cases, authors should get in di-
rect contact with the editorial office regarding their
appeals and complaints. When needed, an ombud-
sperson may be assigned to resolve cases that can-
not be resolved internally. The Editor in Chief is the
final authority in the decision-making process for all
appeals and complaints.

Journal of Istanbul Faculty of Medicine requires
each submission to be accompanied by a Copyright
Agreement Form (available for download at https://
iupress.istanbul.edu.tr/en/journal/jmed/information/
author-guidelines). When using previously published
content, including figures, tables, or any other
material in both print and electronic formats, authors
must obtain permission from the copyright holder.
Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materi-
als. The final responsibility in regard to the published
content rests with the authors.
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance
with ICMJE-Recommendations for the Conduct, Re-
porting, Editing, and Publication of Scholarly Work
in Medical Journals (updated in December 2015 -
http://www.icmje.org/icmje-recommendations.pdf).
Authors are required to prepare manuscripts in accor-
dance with the CONSORT guidelines for randomized
research studies, STROBE guidelines for observa-
tional original research studies, STARD guidelines for
studies on diagnostic accuracy, PRISMA guidelines for
systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND
guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the
journal’s online manuscript submission and evalua-
tion system, available at http://jmed.istanbul.edu.
tr/en/content/manuscript-submission-guide/manu-
script-submission-guide Manuscripts submitted via
any other medium will not be evaluated.

Manuscripts submitted to the journal will first go
through a technical evaluation process where the
editorial office staff will ensure that the manuscript
has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not
conform to the journal’s guidelines will be returned
to the submitting author with technical correction
requests.

Authors are required to submit informed consent of
the patient(s) through the journal’s online manuscript
submission and evaluation system.

Authors are required to submit the following:

e Copyrigt Agreement Form,

e Author Form and ICMJE Potential Conflict of In-
terest Disclosure Form (should be filled in by all
contributing authors) during the initial submission.
These forms are available for download at http://
jmed.istanbul.edu.tr/en/content/manuscript-sub-
mission-guide/manuscript-submission-guide

Title page: A separate title page should be submitted
with all submissions and this page should include:

e The full title of the manuscript as well as a short
title (running head) of no more than 50 characters,

e Name(s), affiliations, highest academic degree(s)
and ORCID ID(s) of the author(s),

e Grant information and detailed information on
the other sources of support,

e Name, address, telephone (including the mobile
phone number) and fax numbers, and email ad-
dress of the corresponding author,

e Acknowledgment of the individuals who contrib-
uted to the preparation of the manuscript but who
do not fulfil the authorship criteria.

Abstract: An English and a Turkish abstract should
be submitted with all submissions except for Letters
to the Editor. Submitting a Turkish abstract is not
compulsory for international authors. The abstract of
Research articles should be structured with subhead-
ings (Objective, Materials and Methods, Results, and
Conclusion). Abstracts of Case Reports and Reviews
should be unstructured. Please check Table 1 below
for word count specifications.

Keywords: Each submission must be accompanied by
a minimum of three to a maximum of six keywords for
subject indexing at the end of the abstract. The key-
words should be listed in full without abbreviations.
The keywords should be selected from the National
Library of Medicine, Medical Subject Headings data-
base (http://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript types

Research articles: This is the most important type
of article since it provides new information based on
original research. The main text of research articles
should be structured with Introduction, Material and
Method, Results, Discussion, and Conclusion sub-
headings. Please check Table 1 for the limitations for
research articles.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted
in accordance with international statistical report-
ing standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to
medical journals. Br Med J 1983: 7; 1489-93). Infor-
mation on statistical analyses should be provided
with a separate subheading under the Materials and
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Methods section and the statistical software that was
used during the process must be specified.

Units should be prepared in accordance with the In-
ternational System of Units (SI).

Editorial comments: Editorial comments aim to
provide a brief critical commentary by reviewers with
expertise or with high reputation in the topic of the
research article published in the journal. Authors are
selected and invited by the journal to provide such
comments. Abstract, Keywords, and Tables, Figures,
Images, and other media are not included.

Invited review articles: Invited reviews prepared by
authors who have extensive knowledge on a partic-
ular field and whose scientific background has been
translated into a high volume of publications with
a high citation potential are welcomed. The invited
reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical prac-
tice and should guide future studies. The main text
should contain Introduction, Clinical and Research
Consequences, and Conclusion sections. Please
check Table 1 for the limitations for Invited Review
Articles.

Case reports: There is limited space for case reports
in the journal and reports on rare cases or condi-
tions that constitute challenges in diagnosis and
treatment, those offering new therapies or revealing
knowledge not included in the literature, and inter-
esting and educative case reports are accepted for
publication. The text should include Introduction,
Case Presentation, Discussion, and Conclusion sub-

headings. Please check Table 1 for the limitations for
Case Reports.

Letters to the editor: This type of manuscript
discusses important parts, overlooked aspects, or
lacking parts of a previously published article. Ar-
ticles on subjects within the scope of the journal
that might attract the readers’ attention, partic-
ularly educative cases, may also be submitted in
the form of a “Letter to the Editor.” Readers can
also present their comments on the published
manuscripts in the form of a “Letter to the Editor.”
Abstract, Keywords, and Tables, Figures, Images,
and other media should not be included. The text
should be unstructured. The manuscript that is be-
ing commented on must be properly cited within
this manuscript.

Tables

Tables should be included in the main document,
presented after the reference list, and they should
be numbered consecutively in the order they are
referred to within the main text. A descriptive title
must be placed above the tables. Abbreviations
used in the tables should be defined below the ta-
bles by footnotes (even if they are defined within
the main text). Tables should be created using the
“insert table” command of the word processing
software and they should be arranged clearly to
provide easy reading. Data presented in the tables
should not be a repetition of the data presented
within the main text but should be supporting the
main text.

Table 1. Limitations for each manuscript type

Abstract Reference
Type of manuscript  Word limit word limit limit Table limit Figure limit
Research Article 3500 250 (Structured) 50 6 7 or total of 15 images
Invited Review Article 5000 250 50 6 5 or total of 10 images
Case Report 1000 200 10 2 3 or total of 5 images
Letter to the Editor 500 No abstract 5 1 1
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Figures and figure legends

Figures, graphics, and photographs should be sub-
mitted as separate files (in TIFF or JPEG format)
through the submission system. The files should not
be embedded in a Word document or the main doc-
ument. When there are figure subunits, the subunits
should not be merged to form a single image. Each
subunit should be submitted separately through the
submission system. Images should not be labeled
(a, b, ¢, etc.) to indicate figure subunits. Thick and
thin arrows, arrowheads, stars, asterisks, and similar
marks can be used on the images to support figure
legends. Like the rest of the submission, the figures
too should be blind. Any information within the im-
ages that may indicate an individual or institution
should be blinded. The minimum resolution of each
submitted figure should be 300 DPI. To prevent de-
lays in the evaluation process, all submitted figures
should be clear in resolution and large in size (min-
imum dimensions: 100x100 mm). Figure legends
should be listed at the end of the main document.

All acronyms and abbreviations used in the manu-
script should be defined at first use, both in the ab-
stract and in the main text. The abbreviation should
be provided in parentheses following the definition.

When a drug, product, hardware, or software pro-
gram is mentioned within the main text, product
information, including the name of the product, the
producer of the product, and city and the country of
the company (including the state if in USA), should
be provided in parentheses in the following format:
"Discovery St PET/CT scanner (General Electric, Mil-
waukee, WI, USA)”

All references, tables, and figures should be referred
to within the main text, and they should be num-
bered consecutively in the order they are referred to
within the main text.

Limitations, drawbacks, and the shortcomings of re-
search articles should be mentioned in the Discus-
sion section before the conclusion paragraph.

REVISIONS

When submitting a revised version of a paper, the
author must submit a detailed “Response to the re-

viewers” that states point by point how each issue
raised by the reviewers has been covered and where
it can be found (each reviewer's comment, followed
by the author’s reply and line numbers where the
changes have been made) as well as an annotated
copy of the main document. Revised manuscripts
must be submitted within 30 days from the date of
the decision letter. If the revised version of the manu-
script is not submitted within the allocated time, the
revision option may be canceled. If the submitting
author(s) believe that additional time is required,
they should request this extension before the initial
30-day period is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled issue.
A PDF proof of the accepted manuscript is sent to the
corresponding author and their publication approval
is requested within 2 days of their receipt of the proof.

REFERENCES
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ABSTRACT

Objective: The ventriculoperitoneal (VP) shunt procedure is fre-
quently performed in the field of neurosurgery to treat pathol-
ogies such as normal-pressure hydrocephalus, infection, trau-
ma, or VP shunt dependency after subarachnoid haemorrhage.
Although the precise impact of ventricular catheter placement
on shunt dysfunction remains not fully elucidated, it is well es-
tablished that a shunt catheter bypassing the ventricle will lead
to shunt dysfunction shortly after placement. Therefore, navi-
gation-assisted shunt surgery gains significance in order to re-
duce the number of cannulation attempts and for inserting the
ventricle catheter in the proper position compared to free hand
catheter placement.

Material and Method: This retrospective study enrolled 31
patients who underwent VP shunt placement in two different
clinics by two different surgeons using electromagnetic and
optical navigation between 2016 and 2023. The study population
was grouped into two. In the first group, 16 patients underwent
VP shunt surgery using stereotactic optical navigation and also
Strata (Medtronic, Minneapolis, USA) programmable valve in
Liv Hospital, Istanbul. In the second group, 15 patients were
operated using EM navigation and Codman Certas (Integra
Lifesciences, New Jersey, USA) programmable valve in Florence
Nightingale Hospital, istanbul.

Result: The age range of patients was 36 to 87 years, with amean age
of (73.74£9.06). Twelve of the patients participating in the study were
male, and 19 were female. All patients were operated because of
normal-pressure hydrocephalus. In the EM navigation group, there

&ZET

Amag: Ventrikiloperitoneal (VP) sant prosedird, norosirlrji ala-
ninda sik¢a yapilan bir islemdir ve normal basingli hidrosefali,
enfeksiyon, travma veya subaraknoid kanama sonrasi VP sant
bagimliligi gibi patolojileri tedavi etmek icin kullanilir. Ventrikil
bypass eden bir sant kateterinin yerlestirilmesi kisa bir slire sonra
sant disfonksiyonuna yol acacadi kesin olarak bilinmektedir. Bu
nedenle, navigasyon destekli sant cerrahisi, serbest el kateter
yerlestirmeye kiyasla kanilasyon denemelerinin sayisini azaltma-
da ve ventrikil kateterini uygun konumda yerlestirmede énem
kazanir.

Gereg ve Yontem: Bu retrospektif calismaya, 2016 ile 2023 yillar
arasinda elektromanyetik (EM) navigasyon ve optik navigasyon
kullanilarak iki farkli cerrah tarafindan iki farkli klinikte VP sant yer-
lestirilen 31 hasta dahil edildi.Calisma toplumu iki gruba ayrinlari
iki gruba ayirildi. ilk grupta, 16 hastada Liv Hastanesi, istanbul
merkezinde stereotaktik optik navigasyon ve ayrica Strata (Medt-
ronic, Minneapolis, ABD) programlanabilir valv kullanimi yapildi.
ikinci grupta, 15 hasta Florence Nightingale Hastanesi, Istanbul
merkezinde EM ve Codman Certas (Integra Lifesciences, New
Jersey, ABD) programlanabilir valv kullanilarak ameliyat edildi.

Bulgular: Hastalarin yas araligi 36 ila 87 yil arasindaydi, ortalama
yaslar (73.74+9.06) idi. Calismaya katilan hastalarin 12'si erkek,
19'u kadindi. Tim hastalar normal basingli hidrosefali nedeniyle
ameliyat edildi. EM grubunda, ameliyat sonrasi bilgisayarli
tomografi (BT) bulgularina ve Hayhurst tarafindan tanimlanan
radyolojik dlcege gore 7 grad | ve 8 grad Il hasta bulunmaktayd;
optik navigasyon grubunda ise, 13 grad | ve 3 grad Il hasta
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were 7 grade | and 8 grade Il patients, and in the optical navigation
group, there were 13 grade | and 3 grade Il patients according to
the postoperative CT findings and the radiological scale defined by
Hayhurst. In three patients from the EM Navigation group, subdural
effusion developed due to overdrainage in different shunt settings.
In none of these three patients an additional surgical intervention
was needed. There were no intraparenchymal haemorrhage or
shunt dysfunction complications in our study.

Conclusion: The use of navigation in shunt surgery prevents prox-
imal failure and reduces the complications of intraparenchymal
haemorrhage and shunt dysfunction. Although the use of optical
navigation requires the use of a pinned headrest and an extended
preoperative preparation time, the accuracy of ventricular cath-
eter placement is similar when using optical navigation and EM
navigation, despite these disadvantages. Due to its cost-effective-
ness and high accuracy, the optically guided navigation system
can be used in shunt surgery, especially considering the extra cost
of the electromagnetic neuronavigation system.

Keywords: Electromagnetic navigation, optical navigation,
shunt dysfunction

bulunmaktaydi. EM navigasyon grubundaki U¢ hastada, farkl
sant ayarlarinda asin drene olmaya bagl subdural efflizyon
gelisti. Bu g hastanin hicbirinde ek cerrahiye gerek duyulmad.
Calismamizda intraparankimal kanama ya da sant disfonksiyonu
komplikasyonlari izlenmedi.

Sonug: Sant cerrahisinde navigasyonun kullanimi, proksimal
basarisizligi 6nler ve intraparenkimal kanama ve sant disfonksi-
yonu komplikasyonlarini azaltir. Optik navigasyonun kullanimi,
civili baslik ve uzatilmig preoperatif hazirlik stiresi gerektirse de,
ventrikiler kateter yerlestirme dogrulugu, bu dezavantajlara
ragmen optik navigasyon ve EM navigasyon kullanildiginda ben-
zerdir. Maliyet etkinligi ve ylksek dogruluk agisindan, &zellikle
EM sisteminin ek maliyeti distinildiginde, sant cerrahisinde
optik navigasyon sistemi kullanilabilir.

Anahtar Kelimeler: Elektromanyetik navigasyon, optik navigas-
yon, sant disfonksiyonu

INTRODUCTION

Ventriculopertioneal (VP) shunt procedure is frequently
being performed in the field of neurosurgery to treat pa-
thologies such as normal-pressure hydrocephalus, infec-
tion, trauma or VP shunt dependency after subarachnoid
haemorrhage (1). Idiopathic normal pressure hydroceph-
alus (INPH) is a condition in which patients present with
symptoms of gait disturbance, urinary incontinence and
dementia, and the ventricles enlarge without an increase
in CSF (cerebrospinal fluid) pressure and also without any
secondary diseases. Every year, 6 of 100,000 people are
diagnosed with iNPH (2). In VP shunt surgeries, the im-
portance of maintaining a brief operative duration and
meticulous attention to sterility cannot be overstated,
as they are critical factors in preventing postoperative
infections. The literature reports a positive correlation
between prolonged surgical duration and the incidence
of infection (3, 4).

In the United Kingdom, over 3000 VP shunt surgeries are
performed annually, whereas in the United States, the
number exceeds 18,000 (5). Shunt dysfunction occurs in
approximately 40% of these patients within the first year,
predominantly due to proximal obstruction (6-8). Although
the precise impact of ventricular catheter placement
on shunt dysfunction remains not fully elucidated, it is
well-established that a shunt catheter bypassing the ven-
tricle will lead to shunt dysfunction shortly after placement
(9). Therefore, navigation-assisted shunt surgery is signif-
icant in order to prevent infection, reducing the number
of cannulation attempts compared to free-hand catheter
placement, and also surgical duration and ensuring proper
catheter placement (10-12). VP shunt placement may be
performed utilising either the free-hand technique or with

the assistance of navigation technology. The use of stereo-
tactic optical navigation in the placement of VP shunts is
a precise technique for catheter positioning. However, it
comes with disadvantages such as the requirement for the
patient to be positioned in a pinned headframe and an ex-
tended preoperative preparation time (13). In the past few
years, frameless navigation systems have been frequently
used in neurosurgery for biopsy and catheter placement
procedures due to their low complication rates and mini-
mally invasive approaches.

This study aimed to evaluate and compare the safety and
efficacy of VP shunt insertion using EM (electromagnetic)
navigation and stereotactic optical navigation.

MATERIAL AND METHODS

We retrospectively examined 31 patients who underwent
VP shunt placement in two different clinics by two dif-
ferent surgeons using electromagnetic navigation and
optical navigation between 2016 and 2023. The study
population was grouped into two. In the first group, 16
patients underwent VP shunt surgery using stereotactic
optical navigation and also Strata (Medtronic, Minneap-
olis, USA) programmable valve in Liv Hospital, istanbul.
In the second group, 15 patients were operated using
EM navigation and Codman Certas (Integra Lifescienc-
es, New Jersey, USA) programmable valve in Florence
Nightingale Hospital, istanbul. Informed consent forms
were obtained from all patients. This retrospective study
was conducted in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The study re-
ceived ethical approval from the Ethics Committee of



Gaziosmanpasa Education and Research Hospital (Date:
03.07.2024, No: 16). The age range of patients was 36 to
87 years, with a mean age of (73.74+9.06). There were 12

Table 1: Characteristics of patients in the electromagnetic navigation group.
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male patients and 19 female patients. All patients under-
went surgery because of normal-pressure hydrocephalus

(Table 1, 2). Postoperative control Computerised tomog-

Patient Age/sex Indication Proximal catheter position (Grade) Shunt valve type

Complication

1

O 00 N O oW N

[ NN
~ wo NN - O

15

83/F
83/F
68/M
79/M
71/F
75/M
65/M
68/M
66/F
79/M
79/F
71/F
79/F
74/M
71/M

NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH
NPH

I Codman

| Codman
Il Codman

I Codman

Il Codman

Il Codman
Il Codman
Il Codman

I Codman

| Codman
Il Codman
Il Codman
Il Codman

I Codman

I Codman

None
None

None

Subdural effusion

Subdural effusion

None
None

None

Subdural effusion

None
None
None
None
None

None

NPH: Normal Pressure Hydrocephalus, F: Female, M: Male

Table 2: Characteristics of patients in the optical navigation group.

Patient Age/sex Indication Proximal catheter position (Grade) Shunt valve type = Complication
1 74/F NPH + Parkinson I Strata None
2 87/F NPH | Strata None
3 85/M NPH | Strata None
4 74/F NPH Il Strata None
5 36/F NPH | Strata None
6 82/M NPH | Strata None
7 73/F NPH Il Strata None
8 70/F Parkinson + NPH | Strata None
9 67/M NPH | Strata None
10 85/F Operated NPH I Strata None
Ik 68/F NPH | Strata None
12 78/F NPH | Strata None
13 76/M NPH | Strata None
14 74/F Operated NPH | Strata None
15 72/F NPH I Strata None
16 74/F NPH | Strata None

NPH: Normal Pressure Hydrocephalus, F: Female, M: Male. Grade | is defined as the placement of the ventricular catheter tip within the
ventricle without touching the ventricle wall, grade Il as the catheter tip touching the ventricular wall or choroid plexus, and grade Il as the
catheter tip being located outside the ventricle and within the parenchyma.
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raphy (CT) images were obtained to assess postopera-
tive bleeding and to verify the proper positioning of the
ventricular catheter. The ventricular catheter position was
confirmed with postoperative CT scan, and its accuracy
was evaluated using the scale mentioned by Hayhurst
(9). Grade | is defined as the placement of the ventricu-
lar catheter tip within the ventricle without touching the
ventricle wall, grade Il as the catheter tip touching the
ventricular wall or choroid plexus, and grade Il as the
catheter tip being located outside the ventricle and with-
in the parenchyma. There was no intraparenchymal hae-
morrhage or shunt dysfunction in the study.

Surgical technique

Electromagnetic navigation

After routine preoperative anaesthesia assessment and in-
tubation, the patient was positioned supine and the Axiem
mobile emitter of StealthStation S7 (Medtronic Surgical
Technologies, Louisville, Colorado, USA) was placed on the
operating room table (Figure 1A). The axiem tracker device
was placed on the patient’s head and stabilised with sterile
drape. The anatomical landmarks on the patient’s face were
registered into the navigation software using a navigation
probe, and the reliability of the system was verified using
the navigation software. Routine preoperative sterilisation

procedures were performed (Figure 1B). The scalp was in-
cised in the frontal area consistent with Kocher's point. The
subcutaneous tissue was dissected and the burr hole was
created using an automatic perforator. Dura was coagu-
lated and incised. A retroauricular curvilinear incision was
made and continued with subgaleal dissection to create
a pocket for the shunt valve. The shunt passer was passed
from the abdominal incision to the retroauricular incision us-
ing the subcutaneous route. The peritoneal shunt catheter
was moved inside the passer from the abdominal incision
to the retroauricular incision. The ventricular catheter was
guided to the preoperatively targeted point within the ven-
tricle using Axiem navigation (Figure 1C). Peroperatively,
the ventricular catheter was monitored in real-time with the
assistance of the navigation software (Figure 1D). The target
point for the ventricular catheter was the ipsilateral foramen
of Monro. After puncture of the lateral ventricle, the cath-
eter was passed from the frontal incision to the retroauric-
ular incision using the subcutaneous route. Ventricular and
peritoneal catheters were connected to the valve. Incisions
were closed in an appropriate manner.

Optical navigation
Rigid cranial fixation was used with a 3-pin head clamp
in all cases (Figure 2A). Preoperative data were trans-

Figure 1: VP shunt insertion using EM navigation. A-B: Axiem mobile emitter of StealthStation S7 (Medtronic Surgical
Technologies, Louisville, Colorado, USA) was placed on the operating room table, and the patient was positioned
supine and routine sterilisation procedures were applied. C: View of the ventricular catheter with a sterile navigation
stylet inserted and advanced towards the predetermined target within the ventricle. D: Peroperatively, the ventricular
catheter was monitored in real-time with the assistance of the navigation software.
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ferred to the navigation software, and the anatomical
landmarks on the patient’s face were registered into the
navigation software using a navigation probe, and the
reliability of the system was verified using the navigation
software. After the routine sterile draping procedures,
the patients were positioned supine (Figure 2C). Using
the navigation software, the entry point was determined
to be Kocher's point.

Instead of using a regular VP shunt insertion programme
(Medtronic StealthStation S7 software), a neuronaviga-
tion-aided biopsy programme was used to increase tar-
get precision. The appropriate target (the right foramen
of Monro) was marked as if it was a biopsy target. The
burr hole was performed using automatic perforator,
and the dura was coagulated and incised appropriately.
The ipsilateral foramen of Monro was determined as the
target point for the ventricular catheter. The navigation
probe was inserted into the ventricle catheter and moved
to the preoperatively selected target. Peroperatively, the
ventricular catheter was monitored in real-time with the
assistance of the navigation software (Figure 2C-2D). Af-
ter the puncture of the lateral ventricle, the catheter was

passed from the frontal area to the retroauricular area
using the subcutaneous route. Ventricular and peritone-
al catheters were connected to the shunt valve. Incisions
were closed in an appropriate manner.

RESULTS

The age range of patients was 36 to 87 years, with a
mean age of 73.74+9.06 years. There were 12 male
and 19 female patients. All patients were operated on
because of normal-pressure hydrocephalus (Table 1,2).
Postoperative control CT images were obtained to
assess postoperative bleeding and to verify the proper
positioning of the ventricular catheter. The position of
the ventricular catheter was identified by CT using the
grading system mentioned by Hayhurst (9). In the EM
navigation group, there were seven grad | and eight grad
Il patients, and in the optical navigation group, there
were 13 grad | and three grad Il patients according to
the postoperative CT findings and the radiological scale
defined by Hayhurst (9). In three patients from the EM
Navigation group, subdural effusion developed due to
overdrainage in different shunt settings. The preferred
shunt valve Codman Certas (Integra Lifesciences, New

e .

X

Figure 2: VP shunt insertion using optical navigation. A: Rigid cranial fixation was used with a 3-pin head clamp in all

cases. B: The optical navigation system was placed on the operating room table and the patient was draped in a sterile
fashion. C-D: The navigation probe was inserted into the ventricular catheter and moved to the preoperatively selected
target, which was identified using navigation software. Peroperatively, the ventricular catheter was monitored in real
time with the assistance of the navigation system software.
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Figure 3: A: Grade | axial view non-contrast CT according to Hayhurst radiological grading, B: Grade | coronal CT scan
without contrast, C: Grade Il coronal CT scan without contrast

Jersey, USA) can be completely closed in this group.
After the subdural effusion regressed in the control
tomographies of the patients, the shunt valve was
readjusted and gradually opened, and the patients’
clinical symptoms improved significantly. In none of
these three patients an additional surgical intervention
was needed.

DISCUSSION

Due to the failures in ventricular catheter placement us-
ing the free-hand technique, the use of frameless naviga-
tion and optical navigation for ventricular catheter place-
ment has been a subject of interest in neurosurgery, with
studies aiming to assess their efficacy and safety com-
pared to traditional techniques. The success rate of ven-
tricular catheters placed using the free-hand technique
in the literature varies between 8% and 65% (14). The fail-
ure in placing the ventricular catheter using the freehand
technique is mostly referred to as proximal failure, which
is the inability to place the proximal part of the catheter
at the targeted point, resulting in its positioning in the
parenchyma or on the ventricular wall (8, 15).

Azeem and Origitano shared their experiences with
frameless navigation and the free-hand technique for
ventricular catheter placement in the literature. They
placed ventricular catheters using frameless navigation
in 34 patients and compared the results with those of
38 patients in whom ventricular catheters were placed
using the free-hand technique (16). They found that
frameless navigation resulted in more accurate cathe-
ter placement, with a lower rate of proximal failures. In
the study published by Hayhurst and colleagues, the
free hand technique and EM navigation for ventricular
catheter placement were compared, and it was found
that the employment of neuronavigation significantly
reduced the rates of revisions and complications (9). In
our study, only 2 (6.25%) out of 32 patients were reop-
erated because of shunt dysfunction due to the place-

ment of the shunt valve in the frontal area. These two
patients were first operated at a different centre, so the
shunt valve was placed in the frontal region instead of
the retroauricular area. Shunt dysfunction may develop
due to the inability to benefit from the effects of gravity
because the shunt valve is placed in the frontal region
instead of the retroauricular area.

VP shunts placed using EM navigation may not require fixa-
tion of the head, but their accuracy may be lower than that
of shunts placed using stereotactic navigation (17-19). Al-
though optical navigation systems have higher accuracy in
comparison to EM navigation, they come with disadvantag-
es such as the requirement for the patient to be positioned
in a pinned headframe and an extended preoperative
preparation time leading to infections (13). Furthermore, a
visible line of sight is required between the tip of the navi-
gation probe and the navigation camera system; otherwise,
the tracking cannot be performed. Although optical stereo-
tactic navigation has more accuracy than EM navigation and
has extended preoperation time, there were no surgical in-
fections and also no cases with malposition of the ventricu-
lar catheter in the EM and optical navigation groups in our
study. In our study, we did not encounter any complications
related to the use of the pinned headframe.

The correct placement of the ventricular catheter is im-
portant to minimise the risks of catheter dysfunction,
intraparenchymal bleeding, and the need for repeated
revision surgery (20). Navigation-assisted shunt surgery
reduces the risk of catheter misplacement and risk of
post operative parenchymal hemorrahage. In our study,
postoperative CT scans showed that the position of all
ventricle catheters were defined as Grade | or Grade ||
according to the CT scale mentioned by Hayhurst and
there were no Grade |l patients (9).

This proper positioning of ventricular catheters lead to
favourable postoperative results, and there were no intra-
parenchymal haemorrhage or catheter dysfunction due



] Navigation assisted shunt surgery
Istanbul Tip Fakiiltesi Dergisi @ J Ist Faculty Med 2024;87(4):267-274

to proximal failure in our study. In our study, all catheters
were appropriately placed on the first attempt. This re-
sult contributed to the absence of complications such as
intraparenchymal haemorrhage or infection. One of the
most important complications in shunt surgery is the de-
velopment of a subdural effusion or slit ventricle due to
overdrainage or underdrainage of the shunt valve. There-
fore, the use of adjustable shunts has become import-
ant to overcome these complications (2, 21, 22). In our
study, we used a Codman adjustable valve in the group
where electromagnetic navigation was used, and a Stra-
ta adjustable valve in the group where optical navigation
was used due to the surgeon’s preferences. Shunt valves
were adjusted to appropriate pressure levels to prevent
the development of subdural effusion or slit ventricle due
to overdrainage, considering the ventricular sizes in the
control CT imaging of the patients.

The EM module (Medtronic Surgical Technologies, Louis-
ville, Colorado, USA) has an extra cost and is not always
included to the standard neuronavigation system in ev-
ery institution. This extra cost may be a significant issue,
despite its advantage of requiring no frame and thus re-
sulting in a shorter preoperative preparation time. With
sufficient experience, the preoperative preparation time
can also be reduced for optical navigation. Thus, our nav-
igation-assisted shunt insertion may be applied without
the need for an electromagnetic neuronavigation mod-
ule. In our study, in three patients from the EM Navigation
group, subdural effusion developed due to overdrainage
in different shunt settings. The preferred shunt valve Cod-
man Certas (Integra Lifesciences, New Jersey, USA) can be
completely closed in this group. After the subdural effu-
sion regressed in the control tomographies of the patients,
the shunt valve was readjusted and gradually opened, and
the patients’ clinical symptoms improved significantly. In
none of these 3 patients an additional surgical intervention
was needed. Although the shunt adjustment in the optical
navigation group (Medtronic, Minneapolis, USA) can be
adjusted to provide the minimum drainage, it cannot be
adjusted to completely stop the drainage. Therefore, us-
ing a shunt valve that can be adjusted to completely stop
the drainage can be advantageous in this regard. In the
stereotactic frame-based biopsy technique, although the
preoperative preparation period may be longer compared
with the frameless biopsy techniques, similar results have
been obtained in terms of permanent morbidity, mortali-
ty, and permanent neurological deficit compared with the
frameless biopsy methods (23, 24). In our study, when the
control tomographies were evaluated according to the
positions of the ventricular catheters, Grade | and Grade |l
results were found according to the Hayhurst radiological
staging. Although we did not have Grade lll patients ac-
cording to the radiological classification, Grade Il patients
can be prevented with the addition of ultrasound support
to navigation (25).

Some limitations of our study include a relatively small
number of patients, the absence of a control group op-
erated with the freehand technique, being a retrospective
study, and a lack of statistical analysis. In the future, bet-
ter results can be achieved with larger studies comparing
the freehand technique, navigation technique, and ultra-
sound-guided ventriculoperitoneal shunt placement tech-
niques. Combining navigation-guided shunt placement
with ultrasound could indeed lead to even better results.

In VP shunt surgery, incorrect placement of the ventricu-
lar catheter can lead to intraparenchymal haemorrhage
and shunt dysfunction due to proximal failure. The use of
navigation in shunt surgery prevents proximal failure and
reduces the complications of intraparenchymal haemor-
rhage and shunt dysfunction. Although the use of optical
navigation requires the use of a pinned headrest and an
extended preoperative preparation time, the accuracy
of ventricular catheter placement is similar when using
optical navigation and EM navigation, despite these dis-
advantages. Due to its cost-effectiveness and high accu-
racy, the optically guided navigation system can be used
in shunt surgery, especially considering the extra cost of
the electromagnetic neuronavigation system.

CONCLUSION

In VP shunt surgery, incorrect placement of the ventricu-
lar catheter can lead to intraparenchymal haemorrhage
and shunt dysfunction due to proximal failure. The use of
navigation in shunt surgery prevents proximal failure and
reduces the complications of intraparenchymal haemor-
rhage and shunt dysfunction. Although the use of optical
navigation requires the use of a pinned headrest and an
extended preoperative preparation time, the accuracy
of ventricular catheter placement is similar when using
optical navigation and EM navigation, despite these dis-
advantages. Due to its cost-effectiveness and high accu-
racy, the optically guided navigation system can be used
in shunt surgery, especially considering the extra cost of
the electromagnetic neuronavigation system.
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ABSTRACT

Objective: Abdominoperineal resection and pelvic exenteration
for the surgical treatment of advanced colorectal or gynaecolog-
ical cancers can result in large perineal defects and severe sur-
gical site morbidity. Several regional flaps can be used to treat
radiation- and extirpative surgery-related wound breakdowns.
This study aims to retrospectively evaluate the efficiency of dif-
ferent flaps used in the reconstruction of perineal defects.

Material and Method: A retrospective review of pelvic recon-
structions performed between May 2021 and August 2023 was
conducted, with a 6-month follow-up. Ten patients who un-
derwent abdominoperineal resection with immediate abdomi-
nal-based flap (n=4) or thigh-based flap (n=6) reconstruction of
the perineal/pelvic defect were evaluated. The two groups were
compared in terms of patient characteristics, aetiology, pre-
ferred treatment, and postoperative complications.

Result: Five women and five men underwent comprehensive
pelvicreconstruction. The mean age was 49.6 years (range 26-76)
and mean BMI of 28.6 kg/m? (range 21.3-50). Five patients had
previously undergone radiotherapy. In total, 11 flaps were created
based on the type of perineal defect. One patient experienced
a minor dehiscence (<5 cm). Two patients experienced major
dehiscence (>5 c¢m), and required reoperation. A patient with
Crohn's disease developed one intra-abdominal abscess

OZET

Amag: ileri evre kolorektal veya jinekolojik kanserlerin cerrahi
tedavisinde abdominoperineal rezeksiyon ve pelvik ekzenteras-
yon ameliyatlar blyUk perineal defektlere ve ciddi cerrahi alan
morbiditesine neden olabilir. Radyasyon ve onkolojik cerrahiye
bagli yara iyilesme problemlerini engellemek icin cesitli bolge-
sel flepler yara kapatiimasinda kullanilabilir. Bu ¢calismanin amaci
perine defektlerinin onariminda kullanilan fleplerin etkinliginin
retrospektif olarak incelenmesidir.

Gereg ve Yontem: Mayis 2021 ile Agustos 2023 arasinda gercek-
lestirilen pelvik rekonstriiksiyon vakalari geriye dénik olarak alti
aylik takip suresi ile incelendi. Toplamda 10 hasta ¢alismaya dahil
edildi. Bu hastalara karin temelli flepler (n=4) ve uyluk temelli flep-
ler (n=6) kullanilarak perineal defekt rekonstriksiyonu gercekles-
tirildi. Bu iki hasta grubu hastalarin demografik ozellikleri, etiyoloji,
tercih edilen tedavi yontemi ve ameliyat sonrasi gelisen kompli-
kasyonlar acisindan karsilagtirild.

Bulgular: Bes kadin ve bes erkege kapsamli pelvik rekonstrik-
siyon uygulandi; yas ortalamasi 49,6 (26-76 aralidi) ve ortalama
viicut kitle indeksi (VKI) 28,6 kg/m? (21,3-50 aralid) idi. Bes hasta-
ya daha &nce radyoterapi uygulanmisti. Perine defektinin tipine
gore toplam 11 flep uygulandi. Bir hastada yara yerinde kiicik
bir aynlma (<5 cm) oldu. iki hastada yara yerinde biiyiik agilma
oldu (>5 cm) ve yeniden ameliyat edilmeleri gerekti. Crohn has-
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because of spontaneous fistula formation. There was no vascular
compromise in the flaps.

Conclusion: Repair options vary depending on the nature of
the defect and extent of resection. The primary goals of recon-
struction are to eliminate pelvic dead space and separate the in-
tra-abdominal content from the perineum to prevent herniation
and strangulation of the small intestines and to ensure that the
perineal wound heals without complications.

Keywords: Abdominoperineal resection, flap, pelvic exentera-
tion, perineal reconstruction, radiotherapy

taligi olan hastada spontan fistll olusumu sonucu karin ici abse
gelisti. Fleplerde kismi veya tam kayip izlenmedi.

Sonug: Onarm secgenekleri defektin boyutuna ve rezeksiyonun
derecesine bagli olarak degismektedir. Rekonstriksiyonda énce-
likli amacg pelvik 61U boslugu ortadan kaldirmak ile karin igi icerigin
perineden ayrilmasini saglamak, ince badirsaklarin fitiklagsmasini
dnlemek ve komplikasyonsuz yara iyilesmesini saglamaktr.

Anahtar Kelimeler: Abdominoperineal rezeksiyon, flep, pelvik
ekzenterasyon, perineal rekonstriksiyon, radyoterapi

INTRODUCTION

Abdominoperineal resection or pelvic exenteration is a sur-
gical procedure used to treat advanced colorectal cancer,
locally advanced genital cancer, or perineal skin cancer. Ma-
jor functional and anatomical deficits can be observed in the
perineal region according to the defect (1). Furthermore, the
perineal area is at higher risk of infection than other wound
sites. Additional undesired patient factors such as preoper-
ative nutritional status (aloumin <2 g/dL), previous radiother-
apy, accompanying diabetes mellitus, smoking, and perineal
bacterial counts also affect outcomes after resection (2).

Although simple abdominoperineal defects can be treat-
ed with primary closure, local flaps, or an omental flap
to obliterate the dead pelvic space, wound breakdowns
continue to occur due to the aforementioned factors. In
addition to wound healing, quality of life, sexual function,
bladder function, and fertility are important factors to
consider in pelvic reconstruction (1).

A multidisciplinary approach is required, with the participa-
tion of a reconstructive surgeon, and a wide range of local,
regional, or less frequently free fasciocutaneous, musculo-
cutaneous, and muscle flaps should be used for reconstruc-
tion, depending on the need for volume and skin replace-
ment based on the size and location of the defect (2-4).

In this study, we would like to share our brief experience
with each type of defect, including the type of flap to
consider, its potential benefits and drawbacks, and the
precautions to take to avoid potential complications.

MATERIAL AND METHODS

This study was approved by istanbul Faculty of Medicine
Clinical Research Ethics Committee (Date: 09.02.2024, No: 3).

We conducted a retrospective analysis of medical records
of pelvic reconstructions performed at the Plastic Recon-
structive and Aesthetic Surgery Clinic between May 2021
and August 2023, with at least a 6-month follow-up.

Charts were reviewed for preoperative and postopera-
tive information, and complications were noted. Minor
wound dehiscence was accepted as less than 5 cm, and
major wound dehiscence was defined as more than 5 cm.

Pelvic defects and preferred flaps were identified by ex-
amining anatomical subunits and associated flap charac-
teristics. Kosutic's classification for perineal defects was
used (Table 1) (5).

Complications were compared between flap types and
patients who did and did not receive radiotherapy.

RESULTS

The results are summarised in Table 2. Five women and
five men underwent comprehensive pelvic reconstruction,
with a mean age of 49.6 years and mean BMI of 28.6 kg/m?.

Five patients (50%) had previously received radiation
therapy. One patient experienced minor dehiscence (<5
cm), which resolved with local dressing. Two patients had
major dehiscence, one of whom required reoperation for
dehiscence at the flap donor site, which was treated with
split-thickness skin grafting (STSG); the other required an
additional glutaeal rotation flap for posterior raphe clo-
sure. There was one intra-abdominal abscess in a patient
with Crohn's disease due to spontaneous fistula forma-
tion. There was no vascular compromise on the vertical
rectus abdominis flap (VRAM). The patient underwent
serial irrigation and negative pressure wound therapy
(NPWT), and an artificial mesh was extracted at the donor
site. There were no hernia cases in the late period.

The abdominal-based flaps (VRAM) had a 25% compli-
cation rate, whereas the thigh-based flaps (profunda ar-
tery perforator flap [PAP flap], transverse upper gracilis
flap [TUG flap], anterolateral thigh flap [ALT], and gracilis
muscle flap) had a 50% complication rate.

Patients who had previously received radiation therapy
had a complication rate of 60%, whereas those who had
never received radiation therapy had a complication rate
of 20%. No complication rate comparisons were signifi-
cant.

Three female patients required partial vaginal resection
with reconstruction. Three patients reported sexual ac-
tivity before surgery and two reported sexual activity six
months after reconstruction. One patient died after a tu-
mour recurrence and lung metastasis within six months.
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Table 1: Definition of Kosutic classification, number of patients with each type of defect, and preferred reconstruction

methods
Types of — Number of Preferrec!
Definition - reconstruction
defects patients
method
Type 1a Defects affect areas/organs anterior to the anus and up to the 4 ALT-VL, ALT, PAP-TUG,
pubis, with no effect on the anus. The urethra is preserved. VRAM
Type 1b Defects affect areas/organs anterior to the anus and up to the 1 Gracilis flap
pubis, with no effect on the anus. The urethra is resected.
Type 2a The defect affects the anus and areas posterior to it, towards the 0 -
natal cleft, whereas the perineum anterior to the anal defect is
not affected. Pelvic clearance is not performed.
Type 2b The defect affects the anus and areas posterior to it, towards the 3 VRAM, PAP-TUG
natal cleft, whereas the perineum anterior to the anal defect is
not affected. Pelvic clearance is not performed. Pelvic clearance
is performed.
Type 3 Defect includes the majority of or the entire perineum, with total 2 PAP-TUG, Glutaeal

pelvic exenteration performed.

rotation, VRAM

ALT: anterolateral thigh, VL: Vastus lateralis, PAP: profunda artery perforator, TUG: transverse upper gracilis, VRAM: vertical rectus abdominis

Table 2: Summary of demographic characteristics, medical history, defect type, preferred reconstruction options, and
postoperative complications

BMI . Defect . .
Patient Age at Diagnosis (kg/ Prior location Extirpative Reco.n- Complications
9 9 P
surgery 2 RT surgery struction
m?) and type
1 39 Dermatofibrosar- 50 No Mons pubis Mons pubis, Left-pedi- Dehissence at the do-
coma Type 1a right labia, cled ALT-VL nor side of the STSG
vulva for defect closure
2 52 Rectum 259  Yes Pelvis APR with TPE  Left pedi- 8 cm wound sep-
adenocarcinoma Type 3 cled PAP- aration at the anal
TUG flap region, right side
Glutaeal  glutaeal rotation flap
rotation
flap
3 63 Uterine 28.76  Yes Pelvis TPE Fascia-spar- None
leiomyosarcoma Type 3 ing VRAM
4 44 Vulvar malignant 31.18 No Mons pubis, Mons pubis, Left-pedi-  Tumour recurrency
mesenchymal left vulva, left labia, cled ALT in 3 months- lung
tumour left lower vulva metastasis, ex due to
abdomen tumour metastasis
Type 1a
5 57 Necrotising 231 No Scrotum Penectomy, Right-pedi- None
fasciitis (Fournier posterior several cled gracilis
gangrene) perineal  debridement flap
raphe procedures
Type 1b
6 45 Rectal 26,53 Yes Pelvisand APRwith TPE Left-pedi- Spontaneous fistula
adenocancer posterior cled VRAM  formation in the ab-
raphe domen, intraabdomi-
Type 2b nal NPWT, and donor

site prosthetic mesh
removal
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Table 2: Continued

Pati Age at . . BMI Prior Defe'ct Extirpative Reconstruc- —
atient surgery Diagnosis (kg/ RT location surgery tion Complications
m?) and type
7 26 Rectumsolid- 213  No  Pelvis and APR with  Right-pedicled None
er malignant posterior TPE fascia-sparing
fibrous raphe VRAM
sarcoma Type 2b
8 76 Vulvar SCC 30.80 Yes Pelvisand  APR with Right side Minor wound sepa-
posterior TPE PAP-TUG flap  ration and dressing
raphe application
Type 2b
9 48 Vulvar 2170 No Mons pubis,  Radical Right side None
adenocancer left vulva  vulvectomy, PAP-TUG flap
Type 1a  mons pubis,
labia
10 56 Right groyne  27.2  Yes Right groin, Rightilioin-  Right-side None
ScC fistulized  guinal LND,  VRAM flap
lymph node  orchiecto-
Type 1a my, partial
femoral
artery ex-
cision, and
reconstruc-
tion using
artificial
vascular
graft

BMI: Body Mass Index, RT: Radiotherapy, SCC: Squamous cell carcinoma, APR: Abdominoperineal resection, TPE: Total pelvic exentera-
tion, ALT: Anterolateral thigh, VL: Vastus lateralis, STSG: Split Thickness Skin Graft, PAP: Profunda artery perforator, TUG: Transverse Upper
Gracilis, LND: Lymphnode dissection, VRAM: Vertical Rectus Abdominis Muscle, NPWT: Negative pressure wound therapy

DISCUSSION

Radical surgical resection is the primary treatment for
locally advanced rectal, gynaecologic, and urological
malignancies (6-8). The most important aspect of tumour
excision is to ensure microscopically complete resection
(RO) with clear margins of at least T mm and no micro-
scopic residual disease (4, 9). Studies have shown that the
rate of local recurrence increases with resection margins.
The 5-year survival rate in patients with excision of 10 mm
was 80%, whereas the 5-year survival rate in patients with
excision of T mm was 34% (10, 11). Therefore, if RO margin
resection cannot be executed by surgical excision, then
neoadjuvant radiotherapy and/or chemotherapy must be
considered to make the tumour resectable with RO mar-
gins (4, 9). However, perineal wound complications were
reported in 66% of patients who underwent abdomino-
perineal resection and primary wound closure in addition
to external beam radiation therapy (12). The use of lo-
coregional flaps decreases wound complication rates to
20%-30% (1, 13).

For Type 1 defects, several reconstruction options are avail-
able. Small or superficial defects can be closed using local

cutaneous flaps or STSG. However, larger defects or previous
radiation exposure necessitate the use of regional fasciocu-
taneous or musculocutaneous flaps (1, 14). The ALT flap has
been delineated for mons and vulvar reconstruction and pro-
vides sufficient surface area and soft-tissue thickness with its
long pedicle length (Figure 1) (15). The pedicle length varies
between 16 and 19 cm, and the flap quickly moves under the
rectus femoris and sartorius muscles (1). If necessary, a stair-
step incision can be made in the rectus muscle to move the
flap forward. The volume requirement determines whether a
thinner fasciocutaneous flap or a bulkier musculocutaneous
flap is harvested. If the defect extends to the inferior abdo-
men, an ALT-Tensor Fascia Lata, ALT-VL, or hemi-thigh flaps
can be used as part of abdominal reconstruction (1, 16). In our
opinion, the lateral thigh is a reliable source of mons pubis,
inferior abdomen, and penoscrotal soft tissue reconstruction.

To achieve satisfactory surgical outcomes with vaginal
reconstruction, several obstacles must be overcome.
The creation of a cylindrical structure of adequate size
to allow sexual intercourse and a flap of sufficient volume
must obliterate the pelvic dead space to prevent perineal
small-bowel herniation (1). Patient expectations and age
are also important considerations.
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The pedicled VRAM is typically the first choice for creating
a thin cylindrical neovagina to reconstruct posterior or cir-
cumferential vaginal defects in sexually active women (1).

If VRAM is not applicable owing to previous abdominal
surgery or the need for multiple ostomy placement, bilat-
eral gracilis musculocutaneous flaps with or without omen-
tum are a second option (13). Because gracilis flaps have
limited access to reach deep into the pelvis and provide
little volume to close the pelvic outlet, bilateral harvest-
ing is frequently required. In myocutaneous gracilis flap
reconstruction (TUG flap), the distal part of the skin is the
least perfused and extends deep into the defect because
of its unreliable vascularity. Thus, the PAP flap or combined
TUG-PAP flap provides a longer distal skin island to fill the
inner dead space with its dual robust blood supply (17, 18).

In nonsexually active women with combined vaginal and
perineal defects, simple flap closure of the perineum with-
out creating the neovagina may be associated with the
quickest recovery and lowest incidence of complications
(13). This recommendation also applies to men with per-
ineal raphe defects, including pelvic dead space or not.

The inferior glutaeal artery perforator flap, PAP flap, and
combined TUG-PAP flap are viable options for Type 2a
defects. The pedicled VRAM flap is typically the first op-
tion for Type 2b defects (1).

Figure 1: Patient 1: (a) 22x12 cm dermatofibrosarcoma on the mons pubis and right vulva. (b) The right femoral bundle
was exposed after resection. (c) Final closure of the defect, result of the postoperative 8" month.

The pedicled VRAM flap has become the workhorse flap
for reconstructing extended abdominoperineal defects,
such as total pelvic exenteration or Type 3 defects (19).
Previously, prior abdominal surgery was considered a
contraindication for harvesting VRAM flaps for abdom-
inoperineal reconstruction (20). However, a recent se-
ries showed that previous abdominal surgery does not
increase the risk of flap failure (19). Thus, our primary
choice was a VRAM flap, if applicable (Figure 2). To avoid
the use of artificial mesh at the donor site, the anterior
rectus fascia was preserved below the rectus sheath’s ar-
cuate line, and the component separation technique was
used to repair the abdominal wall fascia above the arcu-
ate line. The inferior muscle insertion at the pubic ramus
was dissected to free the pelvic outlet from tension (6).

Thigh-based flap reconstruction should be considered in
patients with a violated rectus abdominis flap either from
previous operations or previous ostomy placement, ex-
tensive abdominal scarring, risk of abdominal hernia, or
already having an abdominal hernia in Type 3 perineal de-
fects (Figure 3) (21). Wide abdominoperineal defects can be
reconstructed using the flaps discussed in this article, either
separately or combined based on their different and dis-
tinct pedicles in a single patient, depending on the defect’s
width, depth, and related violated anatomical subunits (1).

Figure 2: Patient 7: (a) Type 2b defect after the tumour excision. (b) Repair of the defect using a VRAM flap, the result

of the postoperative 10" month.
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Thigh flaps are associated with a higher incidence of do-
nor-site cellulitis, recipient-site complications, pelvic ab-
scess, and major wound dehiscence complications than
VRAM flaps (42% versus 15%) (22). Most complications
are caused by the relatively short arch of the thigh-based
flaps. Several changes can be made to reduce the inci-
dence of complications. First, a vertically designed PAP
flap can be elevated on the first or second proximal per-
forator to include the distal thigh skin. The perforator can
be dissected to the profunda femoris artery to increase
the pedicle length (23). As a result, a longer flap can

a b

reach the pelvic outlet owing to its longer pedicle. Sec-
ond, performing additional omentoplasty can eliminate
pelvic dead space, thereby preventing perineal hernia in
patients undergoing thigh-based flap reconstruction.

The main factor separating intra-abdominal contents
from the perineal wound is the preferred flaps inset.
During inset 2.0, a polydioxanone absorbable suture
(Ethicon, Somerville, New Jersey) was tightly knotted
from the edge of the flap to the remnant pelvic muscles
or ligaments. Thus, undesirable perineal hernias and
small intestinal obstructions were avoided (Figure 4).

Figure 3: Patient 2: (a) Type 3 defect. (b) A combined PAP-TUG flap based on the pedicles and saphenous vein was also
included in the flap to prevent venous insufficiency. (c) Final closure of the defect, result of the postoperative 14" month.

Figure 4: Patient 3: (a) De-epithelized VRAM flap. (b) The flap was sutured over the pelvic outlet.
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CONCLUSION

Flap selection is based on previous surgeries, stoma re-
quirements and placement, and the need for radiation
therapy following resection. Major pelvic complications,
such as abscesses, urinoma, perineal herniation, and fis-
tulas, can be prevented by well-vascularised flap tissue,
whether abdominal or thigh-based, or even omentum flap.

Therefore, an adjacent association between the oncolo-
gist and reconstructive surgeon is beneficial when plan-
ning for vaginal and perineal defect reconstruction.
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ABSTRACT

Objective: In cancer research, studies showing the behaviour of
cells in different environments is important for developing new
treatment methods. The microenvironment is essential for both
regular and cancerous tissues. The main component of the extra-
cellular matrix (ECM) is collagen. In HepG2 cells, a hepatocellular
carcinoma cell line, the effects of Type 1 and Type 3 collagen on
cell proliferation and the expression of alpha-feto protein (AFP),
which is an indicator of carcinogenicity, was examined.

Material and Method: HepG2 cells were grown in Type 1 or
Type 3 covered surfaces, whereas no treatment was applied
to the control group. Proliferation analysis was performed via
microscopic examination and cell viability assessmet kit (Cell
Counting Kit-8, CCK-8). AFP was measured using a confocal mi-
croscope using immunological staining.

Result: The results showed that the viability rate of HepG2 cells
growing in Type 3 collagen medium was statistically higher
than in the control group (p<0.0001). AFP expression increased
significantly in the presence of Type 3 collagen compared with the
control group at the 24* hour (p<0.05), and at other culture times,
AFP expression was seen more in Type 1 collagen culture medium.

OzZET

Amagc: Kanser arastirmalarinda, hicrelerin farkli ortamlardaki
davraniglarini gésteren calismalar yeni tedavi yontemlerinin ge-
listirilmesi icin buylk 6nem tagimaktadir. Mikrocevre hem normal
doku hem de kanserli doku icin cok dnemlidir. Ekstraseliler mat-
riks (ECM) ana bilesenleri kollajenlerdir. Hepatosellller karsinom
hiicre hatti olan HepG2 hiicrelerinde Tip 1 ve Tip 3 kollajenin
hiicre proliferasyonu ve karsinojenite gdstergesi olan alfa-feto
protein (AFP) ekspresyonu Uzerine etkisi incelenmistir.

Gereg ve Yéntem: Proliferasyon analizi mikroskobik inceleme ve
htcre canliigi degerlendirme kiti (Cell Counting Kit-8, CCK-8) ile
yapildi. AFP &lctiimleri imminolojik boyama yontemleri kullanila-
rak konfokal mikroskop ile yapildi.

Bulgular: Sonuglar, Tip 3 kollajen ortaminda bulylyen HepG2
hicrelerinin canlilik oraninin kontrol grubuna gére istatistiksel olarak
daha yuksek oldugunu gdsterdi (p<0,0001). AFP ekspresyonu 24.
saatte kontrol grubuna kiyasla Tip 3 kollajen varliginda anlamli olarak
artmis (p<0,05), diger kiltir zamanlarinda ise AFP ekspresyonu Tip
1 kollajen kiltir ortaminda daha fazla gérilmustdr.

Sonug: Her iki tip kollajende kultire edilen HepG2 hiicrelerinin
morfolojik olarak benzer bir yapiya sahip oldugu, Tip | kolla-
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Conclusion: HepG2 cells cultured in both types of collagen have
a morphologically similar structure, and Type 1 and Type 3 col-
lagen have a proliferation-enhancing effect on cancer cells. AFP,
an indicator of liver cancer, is high in culture media containing
Type 1 and Type 3 collagen and this finding is considered as the
tendency of bad prognosis of collagen types on AFP expression.

Keywords: Alpha-fetoprotein, extracellular matrix, hepatocellu-
lar carcinoma, type 1 collagen, type 3 collagen

jen ve Tip 3 kollajenin kanser hicreleri tzerinde proliferasyonu
artiricl etkiye sahip oldugu belirlenmistir. Karaciger kanserinin
gostergelerinden biri olan AFP, Tip 1 kollajen ve Tip 3 kollajen
iceren kiltlr ortamlarinda ylksek bulunmus, bunun da kollajen
tiplerinin AFP ekspresyonu Uzerinde kdtl prognoza dogru bir
egilim gosterdigini distindirmektedir.

Anahtar Kelimeler: Alfa fetoprotein, ekstrasellller matriks, he-
patoselliler karsinoma, tip 1 kollajen, tip 3 kollajen

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
solid tumour in incidence and third in mortality. Approx-
imately 750,000 new cases are encountered each year.
HCC causes 250,000 to 1 million deaths per year world-
wide (1-4). Despite therapeutic advances, there has not
been a significant improvement in the survival of patients
with HCC in the last two decades. Systemic chemother-
apy has not been shown to prolong survival in patients
with HCC, and new approaches are critically needed to
achieve a significant reduction in HCC mortality due to
the failure of conventional chemotherapy. Therefore, the
study of the molecular mechanism of HCC pathogenesis
and the identification of new targets for molecular HCC
therapy remain important (4, 5).

HepG2 cells were isolated from a 15-year-old patient di-
agnosed with HCC. They are frequently used to under-
stand the mechanism of liver cancer and in therapeutic
studies. Hepatoma cells are used to understand liver can-
cer phenotypes and the phenotypes of hepatocyte cells
in healthy and diseased states (5-7).

In cancer research, studies showing the behaviour of cells
in different environments is of great importance for de-
veloping new treatment methods. For cells to function
normally, microenvironmental components must be in
the required amount and order. The microenvironment
is extremely important for both normal and cancerous
tissues. One of the most important components of the
microenvironment is extracellular matrix (ECM) compo-
nents. The main component of the ECM is collagen (8).

When hepatocytes are cultured in vitro on flexible
ECM-derived gels containing Type 1 collagen or base-
ment membrane proteins, the culture substrate allows
cells to assume different shapes and high expression of
liver-specific genes. On the contrary, when hepatocytes
are cultured on plastic surfaces, due to the in elasticity
of the substrate, they show an undifferentiated, flattened
shape, and there is a severe reduction the expression of
liver-specific genes. Hepatocytes cultured in plastic or in
a monolayer attached to ECM proteins such as collagen
and laminin exhibit distorted morphology and liver-spe-
cific functions (9, 10). Molecular methods have shown that

the level of Type 1 collagen is much higher in HCC sam-
ples than in normal liver samples (10). Type 3 collagen is
the second most abundant collagen in the ECM (11).

In light of studies showing the in vitro and in vivo effects
of different types of collagen in different cancer types, we
aimed to examine how Type 1 and Type 3 collagen affect
cell proliferation in HepG2 cells, a hepatocellular carcino-
ma cell line, and how collagen types affect the expression
of alpha-feto protein, an indicator of carcinogenicity.

In short, we comparatively investigated the changes in
the morphological and functional properties of HepG2
cells in the presence of Type 1 and Type 3 collagen com-
pared with conventional cultured cells. The effect of col-
lagen type on cell proliferation will be examined using a
proliferation assay, and prognosis-related alpha feto pro-
tein (AFP) expression will be examined under a confocal
microscope using immunohistochemical analysis.

MATERIAL AND METHODS

Cell culture

In the project; human hepatocellular cells obtained from
ATCC (AmericanType Culture Collection, USA) carcinoma
cell line Hep2cell. Cells were initially cultured in Dulbec-
co's Modified Eagle Medium (DMEM, Gibco, UK) supple-
mented with 10% fetal bovine serum (FBS, Gibco, UK)
and 1% antibiotic (penicillin-streptomycin, Pan Bitech,
Germany). Cells reaching 60-70% confluent were treated
with trypsin (Gibco, UK), removed from the culture dish,
counted, and divided into three main groups.

The cells were seeded into uncoated, Type 1 colla-
gen-coated, or Type 3 collagen-coated in vitro culture
plates. In the classical culture medium group, HepG2
cells were seeded in 24-well culture dishes with round
coverslips at a density of 70,000 cells per well and 96-well
culture dishes with 10,000 cells per well. These groups
of cells were fed with routine cell culture medium, and
proliferation and immunohistochemical analyses were
performed at the indicated experimental times. Twenty-
four and 96-well culture dishes coated with Type 1 col-
lagen (Corning-354249, USA) were kept in the incubator
for at least 4 h and washed with sterile phosphate buff-
ered saline (PBS) before seeding. Culture dishes coated
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with Type 3 collagen (Genlantis-Q3HCO100,Germany)
were kept in an incubator for at least 4 h as in the con-
trol group. Proliferation rates and immunohistochemical
analyses of these cells were performed at the same time
points as in the conventional culture control group.

Monitoring of morphological changes

A- Microscopic analysis: To evaluate changes in the mor-
phology of HepG2 cells, live images of the cells were
recorded under an inverted phase microscope (Zeiss, Pri-
movert, Germany) during the three periods mentioned
above.

B- Haematoxylin-Eosin (H&E) Staining: Cells in two sep-
arate culture media seeded on sterile round coverslips
in 24-well culture dishes were fixed with 4% formalde-
hyde (room temperature, 20 min.) at three different
analysis periods. During fixation, PBS was applied thrice
for 2 min. After fixation, the cells were stained with H&E.
The nucleus structure and acidic and basic changes in
the cytoplasm of the cells were evaluated after staining.
The stained samples were examined and photographed
under a light microscope at magnifications of 200 and
400X.

Proliferation assay

In our project, the proliferation of HepG2 cells was mea-
sured in three different groups and at three different times
using a commercially available cell viability assesment kit
(WST-8/CCK8, Ab228554, AbCam, UK). According to the
kit procedure; 10 pL of CCK-8 solution was pipetted into
100 pL volume of cell suspension seeded in 96 wells on
the days to be analysed, incubated in the incubator for
1-4 hours, and then spectrophotometrically read at 460
nm wavelength in a microplate reader (BioTek Synergy
H1, US) and the colour change was evaluated with the
optical densities obtained.

Immunohistochemical analysis

AFP immunofluorescence (IF) staining method:

Fixed HepG2 cells for AFP staining were maintained at
4°C until immunohistochemical staining. The coverslips
in the fixative were first washed with Cello-IF solution
and heated to 37°C for 3x5 min. The primary AFP an-
tibody (Thermo, US) was prepared by diluting 1/100
with Cello-IF solution, treating cells, and incubating at
37°C. Cells were then washed with Cello-IF solution
and heated to 37°C for 3x5 minutes. The secondary
goat anti-rabbit IgG (H+L) Dylight 488, ThermoScientif-
ic) (diluted 1/200 with Cello-IF) specific for the primary
antibody was incubated at 37°C. After incubation, cells
were washed with warm PBS for 3x5 minutes and cov-
ered with Hoescht core stain (33258, Sigma, Germany)
+ Glycerol. The preparations were kept in the dark and
at 4°C until examination using a confocal microscope
(Zeiss, LSM700, Germany).

Statistical analysis

The data obtained from the study were evaluated using
GraphPad Prism 9 analysis programme (GraphPad Prism
V. 9.01). Two-way analysis of variance (ANOVA) was used
to compare the results of proliferation measurements
and AFP expression in three different culture media. Sta-
tistical significance was set as p<0.05.

RESULTS

Morphological analysis results

HepG2 cells were examined under an inverted micro-
scope. In the culture medium supplemented with Type 1
collagen, it was observed that the cells had a spindle struc-
ture that differed from the classical polygonal cell form,
and communication between cells increased through spin-
dle extensions. It was observed that the cells in the culture
medium containing Type 3 collagen exhibited similar mor-
phological features and the cells had spindle-like exten-
sions. Figure 1 shows live microscopy images of the cells.

Our experimental groups were analysed morphological-
ly using H&E staining. Accordingly, the stained prepara-
tions were examined under a light microscope, and it was
shown that the control group of HepG2 cells showed the
expected morphology after staining the nucleus and cy-
toplasm separately. The spindle-like structure of HepG2
cells in Type 1 collagen medium was clearly observed by
H&E staining, and a similar morphologic structure was
observed in HepG2 cells in culture medium supplement-
ed with Type 3 collagen. It was noticed that the cytoplasm
of the cells had become larger and granularized. Figure 2
shows microscope images of the cells after H&E staining.

Proliferation outcome

In order to investigate the proliferation rate of HepG2
cells in different microenvironments, spectrophotometric
readings of the cells were statistically analysed in propor-
tion to viable cells using WST-8 as described in the meth-
ods section. Accordingly, at 24 h, the rate of viable cells
in media containing Type 1 and Type 3 collagen showed
a statistically significant increase compared with HepG2
cells in conventional culture media (p<0.0001). At the 48
hour, there was an increase in the number of viable cells
in all cell groups compared with the first day, and the pro-
liferation rates of the cells in the presence of collagen
were higher than those of the control group cells, where-
as the increase in HepG2 cells growing in medium with
Type 3 collagen was statistically significant (p<0.0001). At
72 hours of the culture period, it was observed that the
proliferation rate in all cell groups generally decreased
compared with the previous day, the proliferation rate
of the cells in the collagenous medium was higher than
that in the control group, and statistically, the cells in
the Type 3 collagenous medium showed a significant in-
crease compared with the control group (p<0.01). Figure
3 shows the results of the CCK-8 test.
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Figure 1: Live images of HepG2 cells under an inverted microscope in three different culture media and during three

different culture periods. 20X magnification
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Alpha fetoprotein (AFP)

It has been emphasised in various studies that AFP levels
are important markers in liver cancer cells. In our project,
we investigated the changes in the amount and locali-
sation of this marker in HepG2 cells in the presence of
Type 1 and Type 3 collagen under a confocal microscope
(Ziess, LSM700, Germany) and performed quantitative
data and statistical analysis. According to the results ob-
tained; AFP expressed in HepG2 cells increased in media
containing collagen during three different culture peri-
ods. At 24 h, the increase in AFP expression in HepG2
cells treated with Type 3 collagen medium was statisti-
cally significant compared with the control HepG2 cells
(p<0.05). After 24 h of culture, there was an increase in
AFP expression in cells treated with Type 1 and Type 3
collagen media compared with the control group, but no
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Figure 3: Proliferation analysis of HepG2 at different
culture times
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statistically significant difference was observed. At 72 h,
there was an increase in AFP expression in HepG2 cells in
culture medium supplemented with Type 1 collagen and
a decrease in culture medium supplemented with Type
3 collagen, but no statistically significant difference was
observed (Figure 4).

When we evaluated the confocal microscope images;
specific binding with anti-AFP antibody was observed in
HepG2 cells in all three culture media under a three-di-
mensional microscope. The AFP antibody was located in
the cytoplasm close to the cell nucleus, indicating that
collagen had no effect on the localisation of this anti-
body. Figures 5, 6, and 7 show confocal microscope im-
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Figure 4: Bar graph showing the mean fluorescence
intensity of AFP as mean = SEM in HepG2 cells.
AFP: Alpha fetoprotein
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ages of HepG2 cells at three different culture stages in
classical, Type 1 collagen, and Type 3 collagen culture
media, respectively.

DISCUSSION

Hepatocellular carsinoma is most prominent risk factor
is cirrhosis but in our country, the most common caus-
es are viral hepatitis (Hep B and Hep C) and alcoholism
(1-4). Nonalcoholic fatty liver disease, tobacco use, he-
mochromatosis, and diabetes are other risk factors. The
incidence of COVID-19 increases with age and varies sig-
nificantly depending on the geographic region. Early di-
agnosis of hepatocellular carcinoma significantly affects
treatment and prognosis. Surgical resection and liver
transplantation are the primary treatment approaches for
early-stage hepatocellular carcinoma. If these methods
are not available, chemotherapy is extremely useful in
the advanced stage.

The microenvironment is extremely important for both
normal and cancerous tissues. One of the most import-
ant components of the microenvironment is ECM com-
ponents (8). The ECM consists of a non-cellular protein,
glycoprotein, proteoglycan, and polysaccharide mesh-
work. The main component of the ECM is collagen. Col-
lagens are often cross-linked and dispersed in such a way
as to harden tissues. This elicits behavioural effects on

Merged

Figure 5: Confocal microscope images showing three levels of AFP expression in HepG2 cells cultured in conventional

medium.
AFP: Alpha fetoprotein
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Figure 6: Confocal microscopy images of AFP expression in HepG2 cells in Type | collagen culture medium at three
time points.
AFP: Alpha fetoprotein
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Figure 7: Confocal microscope images of AFP expression in HepG2 cells cultured in Type 3 collagen medium at three
time points.

AFP: Alpha fetoprotein
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surrounding tumour cells and regulates cell proliferation,
differentiation, gene expression, migration, metastasis,
and survival; thus, collagens directly influence the hall-
marks of cancer (8, 9).

Molecular methods have shown that the level of Type 1 col-
lagen is much higher in HCC samples than in normal liver
samples (10). Type 3 collagen is the second most abundant
collagen in the extracellular matrix. It is found primarily in
the vascular systems, intestine, liver, skin, and lungs. Simi-
lar to Type 1 collagen, the distribution of Type 3 collagen is
increased in many types of cancer (head and neck cancers,
breast cancer, pancreatic cancer, colorectal cancer) (11-15).

Previous studies have shown that pancreatic cancer cells
growing on Type 3 collagen exhibit increased prolifera-
tion, migration, and decreased expression of E-cadherin
(16). Furthermore, Type 3 collagen plays a role in the in-
vasion and metastasis of glioblastoma cells. These cells
exhibit a high invasion and migration response when ex-
posed to Type 3 collagen, and antibodies against Type 3
collagen inhibit these processes (17). Another study re-
ported that Type 3 collagen altered some genes when in-
vasive prostate cancer cells interacted with bone marrow
stromal cells within the bone microenvironment. This in-
teraction is important in demonstrating the involvement
of Type 3 collagen in invasion and metastasis (18).

In a study comparing the cell spreading ability of human
lung cancer cells on collagen Types 1 and 3 substrates
with normal human tracheal epithelial cells; they showed
that three different adenocarcinoma cell lines gradually
started to contract after the initial spreading on Type 3
collagen and became round in 24 h. They suggested that
their results showed that there may be a correlation be-
tween the degree of malignancy of human lung cancer
cells and their ability to spread on collagen substrate and
that cell spreading ability may be regulated by Type 3
collagen in some lung cancer cells (18). Wang et al. in-
vestigated Type 3 collagen expression and its roles in
modulating lung carcinoma growth, viability, and apop-
tosis. They found that COL3AT overexpression was as-
sociated with increased cell growth and clone formation
but decreased cell apoptosis, whereas reduced COL3A1
expression led to decreased cell growth and clone for-
mation and increased cell apoptosis (19).

In a study investigating how Type 1 collagen could re-
strict tumour expansion as a mechanical barrier, they
found that Type 1 collagen expressed by cancer-asso-
ciated fibroblasts (CAF) suppressed tumour growth by
mechanically restraining tumour spread (20). In another
study, they demonstrated that human breast cancer (BC)
cells growing in culture media completely devoid of se-
rum and seeded on Type 1 collagen coating exhibited a
lower apoptotic rate and a decrease in Bax expression
than those grown on plastic, indicating that Type 1 colla-

gen promoted BC cell survival (21).

Collagen in the tumour microenvironment plays an im-
portant role in the regulation of tumour progression. An-
other study showed that Type 3 collagen, a component
of tumour stroma, regulates myofibroblast differentiation
and scar formation after cutaneous injury. In mouse and
human breast cancer cell lines cultured at low concentra-
tions of Type 3 and high concentrations of Type 3, it was
shown that high concentrations were more effective in
suppressing processes that are important in metastasis,
such as surface adhesion and invasion. And it was stat-
ed that proliferation increased and cell death (apoptosis)
decreased in mouse breast carcinoma cell lines in culture
medium with low concentrations of Type 3 collagen. This
mechanism has been mechanistically attributed to Type
3 collagen, which suppresses the procarcinogenic micro-
environment by regulating stromal organisation, includ-
ing the density and alignment of fibrillar collagen and
myofibroblast (22).

CONCLUSION

It was determined that HepG2 cells cultured in both types of
collagen have a morphologically similar structure, and Type
1 and Type 3 collagen have a proliferation-enhancing effect
on cancer cells. AFP, an indicator of liver cancer, is found
to be high in culture media containing Type 1 and Type 3
collagen, suggesting that there is a tendency towards poor
prognosis for AFP expression of collagen types.
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ABSTRACT

Objective: Infantile giant cell hepatitis with autoimmune hae-
molytic anaemia (GCH-AHA) is a rare disease characterised by
giant cell and autoimmune haemolysis. The pathogenic mecha-
nisms involve several factors, including genetic and immunolog-
ical components, particularly those related to the lectin pathway
of the complement system. In this study, we aimed to identify
possible germline variations in patients with GCH-AHA.

Material and Method: Whole-exome sequencing (WES) was
performed on a 6-month-old boy who was diagnosed with GCH-
AHA. An in-house data analysis pipeline was applied to deter-
mine familial segregation using Sanger sequencing. ELISA was
used for MASP2 protein detection.

Result: WES revealed a likely pathogenic heterozygous
missense variant (p.(Cys618Tyr)) in the mannose-binding lectin
(MBL)-associated serine protease-2 (MASP-2) gene. The MASP2
variant identified in the serine protease domain was predicted
to disrupt disulphide bonds. In vitro assays showed decreased
MASP2 levels in the patient and mother compared with controls,
supporting the potential pathogenicity of the variant.

OzZET

Amag: OtoimmuUn hemolitik anemili infantil dev hicreli hepatit
(GCH-AHA), dev hiicre ve otoimmin hemoliz ile karakterize nadir
bir hastaliktir. Patojenik mekanizmalar, genetik ve immunolojik bile-
senler, dzellikle de kompleman sisteminin lektin yolagi ile ilgili olan-
lar dahil olmak Uzere cesitli faktorleri igerir. Bu calismada GCH-A-
HA'daki olasi germ hatti varyasyonlarini analiz etmeyi amacladik.

Gereg ve Yéntem: GCH-AHA tanisi konan 6 aylik bir cocukta
tim ekzom dizileme (TED) yapildi. In house veri analizi algorit-
masi uygulandi ve Sanger sekanslama ile ailesel segregasyon
belirlendi. MASP2 protein tespiti icin ELISA kullanildi.

Bulgular: TED, mannoz baglayici lektin (MBL) ile iligkili serin pro-
teaz-2 (MASP-2) geninde muhtemel bir patojenik heterozigot
yanlis anlamli varyanti (p.(Cys618Tyr)) ortaya ¢ikardi. Tahmin arag-
lar bulgularina gére, serin proteaz domainde bulunan MASP2
varyantinin distlfit baglarini bozdugu tahmin edilmistir. In vitro
testler, hastada ve etkilenen annede MASP2 seviyelerinin kont-
rollere kiyasla azaldigini géstererek varyantin potansiyel patoje-
nitesini desteklemistir.

Corresponding author/iletisim kurulacak yazar: Miige SAYITOGLU - mugeay@istanbul.edu.tr

Submitted/Basvuru: 24.05.2024 ¢ Revision Requested/Revizyon Talebi: 12.06.2024 o
Last Revision Received/Son Revizyon: 23.07.2024 ¢ Accepted/Kabul: 20.08.2024 ¢ Published Online/Online Yayin: 04.09.2024

@. BY _NC Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

291



https://orcid.org/0000-0003-4753-9372
https://orcid.org/0000-0002-3370-8545
https://orcid.org/0000-0001-7479-7444
https://orcid.org/0000-0001-5821-3963
https://orcid.org/0000-0001-9784-2228
https://orcid.org/0000-0002-7541-4596
https://orcid.org/0000-0002-8648-213X

) MASP2 variant in infantile giant cell
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2024;87(4):291-298

Conclusion: This study highlighted the association between a
novel MASP2 variant and GCH-AHA, emphasising the role of
the lectin pathway in the pathogenesis of this rare disorder. The
variable expressivity and incomplete penetrance observed in
MASP?2 deficiency underscore the complexity of genotype-phe-
notype correlations. Further investigations into the lectin path-
way's detailed activation and its impact on GCH-AHA pathogen-
esis are warranted for a comprehensive understanding of the
disease mechanisms.

Keywords: Infantile giant cell hepatitis, autoimmune haemolytic
anaemia, complement system, MASP2, whole-exome sequencing

Sonug: Bu calisma, yeni bir MASP2 varyanti ile GCH-AHA ara-
sindaki iliskiyi vurgulayarak, bu nadir bozuklugun patogenezinde
lektin yolunun roliinl vurgulamaktadir. MASP2 eksikliginde goz-
lemlenen degisken ifade ve eksik penetrasyon, genotip-fenotip
korelasyonlarinin karmasikliginin altini cizmektedir. Lektin yolu-
nun ayrintili aktivasyonu ve bunun GCH-AHA patogenezi (ize-
rindeki etkisine iliskin daha fazla arastirma, hastalik mekanizma-
larinin kapsamli bir sekilde anlasiimasi igin dnem arz etmektedir.

Anahtar Kelimeler: infantil dev hiicreli hepatit, otoimmin he-
molitik anemi, kompleman sistemi, MASP2, tim ekzom dizilimi

INTRODUCTION

Infantile giant cell hepatitis with autoimmune haemolytic
anaemia (GCH-AHA\) is a progressive disorder character-
ised by diffuse giant cell hepatocyte transformation and
autoimmune haemolysis (1, 2). Patients diagnosed within
the first two years of life with elevated aminotransferase
levels, acute liver injury, and haemolytic anaemia (3). In-
fection susceptibility is common, with 25% of patients
harbouring infections such as mycoplasma, Epstein—Barr
Virus (EBV), and acute otitis media.

The aetiology of GCH-AHA is poorly understood; ap-
proximately 49% of patients have idiopathic disease. The
clinical presentation of GCH-AHA varies. Biliary atresia,
immune dysregulation, neonatal hemochromatosis, and
hypopituitarism have been seen in the patients (4). Al-
though the genetic background is unknown, there is
strong evidence of the role of humoral immunity and the
complement system. Patients are Coombs-positive for
immunoglobulin G positive (IgG+), implying involvement
of complement protein 3 (C3) and immunoglobulins. In
addition, complement-mediated damage and C5-9-me-
diated hepatocyte injury have been observed in children
with GCH-AHA (5, 6).

The complement system is a system within the natural im-
mune system that is activated in three ways: classical, al-
ternative, and lectin pathways (7). When the lectin pathway
(LP) is activated, the pathogen is recognised by its man-
nose moieties via mannose-binding lectin (MBL) and/or
ficolin, and this engagement activates the MBL-associat-
ed serine proteases: MASP1, MASP2, and MASP3. MASPs
cleave the complement system; autoactivation of MASP2
triggers cleavage of complement factors C4 and C2 and
generates C3 convertase (8). MASP2 is the key mediator of
LP because MASP2 is the only serine protease capable of
cleaving C4 (9). MASP2 can initiate activation of the lectin
pathway without the contribution of other proteases.

The Inborn Errors of Immunity Committee (International
Union of Immunological Societies (IUIS) Primary Immune

Deficiency Expert Committee) considered autosomal
recessive MASP2 deficiency as an inherited comple-
ment deficiency (10). MASP2 deficiency (MIM:605102) is
a rare disorder with a prevalence of <1:1,000,000. This
disorder was first described in 2003 in an adult patient
with severe recurrent pneumococcal infections in ad-
dition to autoinflammatory and autoimmune diseases.
This patient carried the biallelic MASP2:p.(D120G) vari-
ant, which significantly reduced serum MASP2 levels
(11). Current studies show that MASP2 deficiency can
be inherited as an autosomal dominant disease. Hejazi
et al. reported a heterozygous MASP2 variant in a pae-
diatric patient with Crohn's disease and severe tuber-
culosis infection (12). It has been observed that some
heterozygous or homozygous variants cause significant
decreases in protein levels in studies that examined
the relationship between MASP2 variants and serum or
plasma enzyme levels. In addition, low enzyme levels
were not observed in all individuals who carried vari-
ants of MASP2, which cause decreased enzyme levels.
For example, according to the GnomAD database, the
first identified variant, p.(D120G), was found frequently
in the population (2.21%), indicating incomplete pene-
trance of this disease (11).

MASP2 protein levels are diverse among ethnic groups
and populations, and variations are associated with en-
zyme levels (13). Low serum MASP2 levels are related to
increased susceptibility to infections in several settings
(14, 15). Mistegaard et al. identified low MASP2 levels
in patients with common variable immune deficiency
(CVID) and suggested that dysregulated enzyme levels
may have a master or slave effect in some patients with
CVID (16). In addition, MASP2 gene variations that result
in lower serum levels are associated with systemic lupus
erythematosus susceptibility (17).

Here, we report a likely pathogenic heterozygous mis-
sense MASP2 gene variant in a 6-month-old patient di-
agnosed with giant cell hepatitis with autoimmune hae-
molytic anaemia.
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MATERIAL AND METHODS

Patient

A 6-month-old boy was admitted with pallor and a rapid
drop in haemoglobin. He had mild jaundice and hepato-
splenomegaly on admission. He was born to unrelated
parents. Laboratory examination revealed direct anti-
body test (DAT)-positive haemolytic anaemia with mild-
ly elevated transaminase levels (Table 1). Infectious and
metabolic workup, serum immunoglobulin levels, and
lymphocyte immunophenotyping were normal. Meth-
ylprednisolone 2 mg/kg/day was started. Because of
early-onset autoimmune haemolytic anaemia, genetic
testing was also planned to rule out underlying primary
immunodeficiency. This study was approved by the istan-
bul Faculty of Medicine Clinical Research Ethics Commit-
tee (Date: 24.01.2020, No: 02). Written and oral informed
consent was obtained from family members or legal rep-
resentatives.

Whole-exome sequencing and data analysis

Peripheral blood samples were collected from the index
case (II-1) and the parents (mother; I-2 and father I-1). DNA
isolation was performed from peripheral blood using a
QlAamp DNA Blood Mini kit (QlAgen Valencia, CA, USA).
The amount and quality of the isolated DNA samples were
evaluated using a spectrophotometry device (ND-2000,
Thermo Fisher Scientific, MA, United States). Whole-
exome sequencing (WES) was performed in the index
case. An Agilent SureSelect Human All Exon V6 (Agilent
Technologies, Santa Clara, CA, USA) kit was applied based
on the manufacturer’s protocol for a pre-captured library,
and sequencing was performed in paired-end mode using
the lllumina HiSeq 2000 platform (lllumina Inc., San Diego,
CA, US). The sequence reads were mapped to the hg19
reference genome using the Burrows-Wheeler Aligner
(BWA) programme (18). Aligned data were converted to
VCF format for variant calling and base quality calibrations
using the Genome Analysis Toolkit (GATK) (https://gatk.
broadinstitute.org/hc/en-us). Variants with a Phred score of
30 (>Q30) confidence were called. Variants were annotated
using the ANNOVAR (https://annovar.openbioinformatics.
org/en/latest/) and FRANKLIN (https://franklin.genoox.
com/clinical-db/home) tools. Variants were categorised
based on the American College of Medical Genetics and
Genomics (ACMQ) classification, and pathogenic (P), likely
pathogenic (LP), or variant of unknown significance (VUS)
variants were included. Two different analysis pipelines
were applied for variant prioritisation (Figure 1). Global
filtering was applied for coding and splice region variants
with minor allele frequency (MAF)<0.005, P, LP, and VUS
variants according to ACMG and Clinvar records were
filtered. The primaryimmunodeficiency (PID)-related genes
with a minimum MAF<0.05 and ACMG classification were
filtered using a second filtering approach. The PID-specific
gene list (including 451 genes) was generated according to
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the International Union for Immunological Societies (IUIS)
guidelines and the literature knowledge (Supplemental
Table 1). In silico prediction tools; Combined Annotation-
Dependent Depletion (CADD), Sorting Intolerant From

Table 1: Clinical characteristics of the patient and the
mother.

ﬁ\llgnslcal find- | dex case Mother Re\;‘aell;‘eensce
Peripheral blood tests
WBC (107xL) 28.8 9.3 5.2-12.4
Hgb (g/dl) 5.8 13.5 12-18
Plt (10%x pL) 67.3 349 130-400
HCT (%) 16 41 37-52
MCV (fl) 88.8 85.4 80-99
AST (IU/L) 4841 NA 0-40
ALT (IU/L) 3988 NA 0-40
GGT (IU/L) 106 NA 3-25
ALP (1U/L) 442 NA 20-155
Total biluribin 20.18 NA 0.3-1.2
(mg/dL)
Direct biluribin 17 NA 0-0.2
(mg/dL)
Direct Coombs  AHG+3, NA Negative
lgG+3,
C3d+3
PT (sec) 12.6 NA 10.4-14
APTT (sec) 12.6 NA 21-32
INR 1.07 NA 0.85-1.15
AFP (U/L) 78.63 NA <13
CRP (mg/L) 29.39 NA <5
Cold agglutinin  Positive NA Negative
(mg/L)
Complement values
C3 (mg/L) 1.54 1.04 09.-1.8
C4 (mg/dL) 0.21 0.22 Negative
Immunoglobulin levels
IgA (mg/dL) 31.2 127 (Ref. 19)
IgG (mg/dL) 528 1255 (Ref. 19)
IgM (mg/dL) 98.3 149.8 (Ref. 19)
IgE (mg/dL) 33.95 NA (Ref. 19)
Autoimmune antibodies
ANCA Negative NA Negative
ANA Negative NA Negative

WBC: White blood cell, Hgb: hemoglobin, Plt: platelet, HCT: hemato-
crit, MCV: mean corpuscular volume, AST: aspartate transferase, ALT:
alanine transaminase, GGT: gamma-glutamyl transferase, ALP: alkaline
phosphatase, PT: prothrombin, APTT: activated partial thromboplastin
time, INR: international normalized ratio, AFP: alpha-fetoprotein, CRP:
c-reactive protein, C3: complement component 3, C4: complement
component 4, IgA: immunoglobulin A, IgG: immunoglobulin G, IgM:
immunoglobulin M, IgE: immunoglobulin E, ANCA: antineutrophil cy-
toplasmic antibodies, ANA: antinuclear antibody, Ref: reference
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Figure 1: Variant filtering strategy for whole-exome
sequencing data. A) Overview of global and B) Primary
Immune Deficiency (PID)-specific variant filtering strategies
with the total number of variants for each filtering step.

Tolerant (SIFT), Polymorphism Phenotyping ver.2 (Poly-
Phen-2), MutationTaster, and Functional Analysis through
Hidden Markov Models (FATHMM), were used to predict
the impact of the variants. Sanger sequencing detected
the familial segregation and CLC genomics workbench
3.6.5 (QIAGEN, Aarhus, Denmark) used for analysis.
Primers are available upon request.

MASP2 protein expression

Plasma samples were collected from the index case (Ill-
5), the affected mother (II-6), and five healthy individuals
with a mean age of 26 years (range: 25-34 years). MASP2
levels were determined by Enzyme-Linked Immuno-
Sorbent Assay (ELISA) using a human MASP2 ELISA kit
(Catalogue No: MBS2506522, MyBioSource, San Diego,
USA) according to the kit's protocol. Immobilised man-
nan was used as a ligand to investigate the functional
activity of the LP pathway. Mannan was purchased from
Sigma (from Saccharomyces cerevisiae; M7504), phos-
phate-buffered saline (PBS) was used as solvent (10 mg/
ml), and stored at 20°C. ELISA plates (microtiter plates)
were coated with mannan (100 g/ml; 100 L per well) in
100 mM Na2CO3/NaHCO3 buffer (coating buffer, pH 9.6)
overnight at +4°C. After each processing step, 100 pl of
PBS containing 0.05% Tween-20 was used to wash the
plates three times. Residual binding areas were covered
by 100 pL PBS including 1% bovine serum albumin (BSA)
for 1 h at 37°C. Human plasma samples diluted 1:4 us-
ing dilution buffer (kit carrier) were pre-incubated on ice
for 15 min. After that, the plates were incubated at 37°C
for 1 h. The minimum measurable MASP-2 concentration
using the ELISA kit was 3.13 ng/mL. An enzyme-linked

immunosorbent assay reader was used to measure co-
lour intensity, and reading was performed at 450 nm.
Concentration calculations were drawn as a “four-param-
eter logistic curve in log-log graph” paper, with standard
concentration values written on the X-axis and OD values
on the Y-axis. The concentration was calculated from the
curve by multiplying by the dilution ratio. Comparison of
MASP2 levels between the groups was performed using
the Mann-Whitney U test, a non-parametric test, with
GraphPad Prism version 5.01. (GraphPad Software, San
Diego, California, USA, www.graphpad.com).

RESULTS

Clinical history of the index case

The patient received intravenous immunoglobulin (IVIG)
at a total dose of 2 g/kg because the haemolytic anae-
mia did not improve. After haemoglobin levels stabilised
without active haemolysis during the second month of
steroid treatment, cyclosporine was added for mainte-
nance and methylprednisolone was tapered. However, at
follow-up, transaminase and bilirubin levels progressively
increased (Table 1) and remained high despite discon-
tinuation of cyclosporine and steroids. Liver biopsy was
performed with a presumptive diagnosis of autoimmune
or toxic hepatitis. Pathological examination revealed gi-
ant cell hepatitis. The final diagnosis was giant cell hep-
atitis and autoimmune haemolytic anaemia. Because the
patient experienced seizures with encephalopathy and
nephrotoxicity after the resumption of cyclosporine ther-
apy, methylprednisolone was restarted. As recommend-
ed in the literature, an anti-CD20 monoclonal antibody
(rituximab) at the standard dose (375 mg/m?) was admin-
istered once weekly for six consecutive weeks in addition
to steroid therapy. Eight weeks after the start of rituximab
treatment, alanin aminotransferase (ALT) and aspartate
aminotransferase (AST) levels returned to normal, and
bilirubin levels decreased significantly to 1.3 g/dL, with
normal haemoglobin levels on complete blood count
(CBC) and persistence of DAT positivity (IgG 2+/C3 2+).
Maintenance therapy with azathioprine was initiated, and
steroid therapy was tapered and eventually discontinued.
DAT became negative after two years of immunosup-
pressive therapy. He remained on azathioprine therapy
and had no active signs of haemolysis or hepatic impair-
ment at regular follow-up of four years after diagnosis.
The father and mother had no medical history and were
found to be healthy on clinical examination (Table 1) (19).

Whole-exome data analysis and in silico prediction
Whole-exome sequencing was performed in the index
case. Global filtering was applied to the coding regions
(Figure 1), MAF<0.005, nonsynonymous, and ACMG
scores for the P, LP, and VUS variants (Figure 1). Filtered
genes/variants (n=151) are listed in Supplemental Table 2
that were found to be irrelevant to the phenotype.
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Based on the diagnosis of early-onset autoim-
mune haemolytic anaemia, no known pathogenic/
likely pathogenic variants were found, except for
the heterozygous ABCA4:p.(Gly172Ser) variant.
Monoallelic ABCA4 variants are associated with
age-related macular degeneration (MIM:153800).
The patient had no clinical symptoms at the cur-
rent age, so follow-up was planned. In further
analysis, the patient was screened for variants in
a 451 PID-related genes list (see Supplemental Ta-
ble 1), and eight candidate variants were detected
(Figure 1 and Table 2). Among these, the heterozy-
gous missense variant NM_006610.4:c.1853G>A
(rs764932450) in the serine protease domain of
MASP2 was found to be relevant to clinical find-
ings. The GnomAD frequency of the MAF was
G=0.000008, ACMG class was VUS (evidence PP3
and PM2), and the aggregated prediction score
was harmful. Sanger sequencing confirmed het-
erozygosity in the index case (IlI-5) and the mother
(1-6) (Figure 2).

MASP2 consists of 12 exons: the serine protease
(SP) domain, which is responsible for protease
activity, two C1r/C1s/Uegf/bone morphogenet-
ic protein (CUB) domains (CUB1 and CUB2), lo-
cated in the heavy chain, the epidermal growth
factor-like (EGF) domain, which separates the
two CUB domains, and two complement control
protein (CCP) domains (CCP1 and CCP2). The p.(-
Cys618Tyr) missense variant was found in exon 12,
which encodes the serine protease domain (Fig-
ure 3A). On the 3D structure of the MASP2 pro-
tein, p.(Cys618Tyr) variant was predicted to disrupt
disulphide bonds within CYS598 and CYS618 (Fig-
ure 3A). To determine the pathogenicity of the p.(-
Cys618Tyr) variant, SIFT, PolyPhen2, and Mutation
Taster predictions were used and shown to be dis-
ease-causing, deleterious, and probably damag-
ing, respectively. The CADD score was 24, and the
variant position was also evolutionarily conserved
among the species (Table 2 and Figure 3B).

Impact of the MASP2 variant on plasma levels
To  investigate  the  effect of the
NM_006610.4:¢c.1853G>A;p.(Cys618Tyr)
on active MASP2 levels, ELISA was performed on
plasma samples from the index, mutated moth-
er, and healthy controls (n=5). The MASP2 levels
were 153 ng/ml in the patient and 152.3 ng/ml in
the mother. The median MASP2 level in healthy
control samples was 185 ng/ml (min 159-max 603
ng/ml). A decrease in MASP2 levels was found in
index cases and mothers with heterozygous vari-
ation compared with healthy controls, but there
was no statistical significance (p=0.12).
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Het: Heterozygous, AA: amino acid, SIFT: The Sorting Intolerant from Tolerant, PolyPhen-2: Polymorphism Phenotyping ver.2, CADD: Combined Annotation-Dependent Depletion
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Figure 2: Family tree and segregation analysis. A)
Pedigree of the MASP2 family. B) Segregation analysis of
the MASP2 variant. The open shapes in the pedigree
represent phenotypically unaffected family members,
and the black square represents the affected proband.
The arrows indicate the heterozgous alles of the parents.
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often contributes to the pathogenesis of GCH-AHA (20,
21). Clinical findings such as hepatitis and Coombs-posi-
tive anaemia may indicate the involvement of B-cell relat-
ed autoimmune dysregulation or complement deficiency.
Studies have shown a high degree of complement-medi-
ated hepatocyte injury in patients with GCH-AHA (5, 22).
In this study, WES identified the heterozygous missense
variant NM_006610.4:c.1853G>A in MASPZ2 in a 6-month-
old patient with GCH-AHA. The patient presented with
hepatosplenomegaly, mildly elevated transaminase, and
DAT-positive haemolytic anaemia. The pathogenic p.(Cy-
s618Tyr) variant is located in the SP domain of the protein
and is responsible for the catalytic activity of the entire
molecule and may prevent the formation of the disulphide
bond that binds the two polypeptide chains together in

ccP1 MASP2 Protein
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Figure 3: Localisation of p. Cys618Thr variant on the serine protease (SP) domain of MASP2 and a graphical
demonstration of the wild-type and mutant forms of the MASP2 protein. 3A) The wild-type residue is shown to form a
disulphide bond with residues CYS 598 and CYS 618 (Distance: 1.912 &) on chain B of the wild-type structure 1g3x and
the substitution disrupts this bond. 3B) Conservation of 618. amino acids of the MASP2 protein in primates. Conservation
analysis was performed using the CLUSTAL Omega (1.2.4) multiple sequence alignment tool. The C1r/C1s/Uegf/bone
morphogenetic protein 1 (CUB1) domain is an epidermal growth factor-like (EGF) domain, and the CUB2 domain is
followed by two complement control protein (CCP1 and CCP2) domains and the C-terminal SP domain. The SP domain
is linked to the CCP2 domain by a small linker region with S-S disulphide bonds.

DISCUSSION

Giant cell hepatitis associated with autoimmune haemo-
lytic anaemia is associated with infection, cholestasis, and
hepatic inflammation. The aetiology of this disease has
not been fully elucidated, it is a factor that plays a role
in immune system dysregulation. The involvement of im-
mune-mediated findings, such as autoimmunity, most

the functionally active form of the MASP-2 protein (23). Al-
though the mode of inheritance was autosomal dominant
and segregation analysis confirmed that the mother also
carried the same variation without obvious clinical symp-
toms, MASP2 deficiency is difficult to diagnose due to
unclear genotype-phenotype correlation, low penetrance,
and significant clinical heterogeneity (24).



) MASP2 variant in infantile giant cell
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2024;87(4):291-298

Previous studies have shown that different mono- or bi-al-
lelic variants of MASP2 result in changes in serum/plasma
levels and functions of MASP2 (11). Homozygous MASP2
variants, which are believed to affect the protein, do not
always cause low enzyme levels. On the contrary, some
heterozygous variants can cause significant enzyme defi-
ciency (13). The relatively low levels of MASP2 in mothers
compared with healthy controls support the variable ex-
pressivity reported previously, but there is wide variability
in healthy controls. Additionally, MASP2 enzyme levels
were not related to age, gender, or physical activity, and
there were no statistically significant differences between
serum and plasma enzyme levels. Ytting et al. showed
that the mean serum enzyme level in healthy controls was
416 ng/mL (ranging from 125 to 1152) and that MASP2
levels below 100 ng/mL were indicative of MASP2 de-
ficiency in Caucasians (13, 25). To have a better under-
standing of the exact effects of these MASP2 variants, the
activation of the lectin pathway should be investigated in
detail. GCH-AHA is a rare disorder and the genetic aeti-
ology is unclear. Possible mechanisms include autoimmu-
nity or dysregulation of the complement system affecting
hepatocytes and erythrocytes. MASPZ2 variants may con-
tribute to the pathogenesis of GCH-AHA as a primary or
secondary disease. Evaluation of enzyme levels and MBL
pathway activity is the most accurate approach to assess-
ing the clinical impact of monoallelic or biallelic MASP2
variants.

CONCLUSION

This study presented the clinical findings and genetic
analysis of an index case diagnosed with giant cell hep-
atitis and autoimmune haemolytic anaemia. Despite
initial treatment challenges and complications, includ-
ing progressive elevation of transaminase and bilirubin
levels following cyclosporine therapy and subsequent
seizures with encephalopathy and nephrotoxicity, our
patient experienced significant improvement following
a comprehensive therapeutic approach. Whole-exome
sequencing revealed a heterozygous missense variant
NM_006610.4:¢c.1853G>A (rs764932450) in the serine pro-
tease domain of MASP2, which was deemed relevant to
the clinical phenotype. Through in silico predictions and
functional assays, we elucidated the potential pathoge-
nicity of the identified variant and its contribution to the
observed phenotype.
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ABSTRACT

Objective: Alzheimer's disease (AD) is an irreversible and
progressive neurodegenerative disease. Besides amyloid beta
(AB) and tau accumulations, inflammation also contributes to
AD pathogenesis. NLR family pyrin domain containing 3 (NLRP3)
inflammasome activation in microglia is thought to be associated
with AD. Since animal models of AD do not accurately reflect
human pathology, in our study, human induced pluripotent
stem cells (iPSCs) were differentiated into microglia, and their
potential to be used in NLRP3 pathway-related mechanisms in
AD was investigated.

Material and Method: iPSC cell lines of AD, isogenic, or control
genotypes were differentiated into microglia and cells from
different stages of the differentiation were characterized by flow
cytometry, real-time quantitative polymerase chain reaction (RT-
gPCR), immunocytochemistry, and Western blot. The expression
of proteins associated with the NLRP3 pathway was investigated
by Western blot. For functional analysis, cytokine release was
assessed by Enzyme-linked immunosorbent assay (ELISA) upon
NLRP3 inflammasome activators (lipopolysaccharide (LPS),

OzZET

Amag: Alzheimer hastaligi (AH) geri donlstmsuz ve ilerleyici bir
nérodejeneratif hastaliktir. Amiloid beta (AB) ve tau birikimlerinin
yani sira, inflamasyon da AH patogenezinde rol oynamaktadir.
Mikroglia hicrelerinde NLR ailesi pirin domain iceren 3 (NLRP3)
inflamazomunun aktivasyonunun AH ile iliskili oldugu dustnul-
mektedir. Hastaligin hayvan modelleri insandaki patolojiyi tam
olarak yansitamadigindan, calismamizda insan kaynakl indik-
lenmis pluripotent kék hiicreler (IPKH) mikrogliaya farklilastirila-
rak, AH'de NLRP3 yolagdr iliskili mekanizmalarin arastinlmasindaki
kullanim potansiyeli incelenmistir.

Gereg ve Ydéntem: AH, izogenik ve kontrol genotipteki iPKH
hicre hatlari mikrogliaya farkhlastiriimis ve farklilagmanin ce-
sitli asamalarindaki hiicreler akis sitometrisi, gercek zamanl
kantitatif polimeraz zincir reaksiyonu (RT-gPCR), immunosi-
tokimya ve Western blot yontemleriyle karakterize edilmistir.
NLRP3 yolagi ile iligkili proteinlerin ekspresyonu Western blot
ile incelenmistir. Fonksiyonel analizler i¢in, NLRP3 inflamazom
aktivatorleri (lipopolisakkarid (LPS), AB) ve inhibitori (sitokin
salgilanmasini inhibe ediciilag 3, CRID3) varliginda sitokin sa-
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AB) and inhibitor (cytokine release inhibitory drug 3, CRID3)
treatments. The phagocytosis of pHrodo particles and AB were
evaluated by flow cytometry, fluorescence microscopy, and live
cell imaging system.

Result: In our study, we could differentiate microglia from
iPSCs derived from different genotypes. These microglia cells
expressed various microglia and NLRP3 inflammasome-related
markers and were able to phagocytose pHrodo particles and AB.
The stimulation of the microglia cells with LPS and AB caused IL-
1beta and IL-18 release, while CRID3 reversed this effect.

Conclusion: Our results show that iPSC-derived microglia
generated in this study recapitulate microglia functional
characteristics and can therefore be used to study NLRP3
pathway-associated disease mechanisms and treatment options.

Keywords: Microglia, induced pluripotent stem cells,
neuroinflammation, NLRP3 inflammasome, amyloid beta

limi ELISA ile élctlmustir. pHrodo partikillerinin ve amiloid
betanin fagositozu ise akisg sitometrisi, floresan mikroskobu ve
canli hiicre gérintileme sistemi ile degerlendirilmistir.

Bulgular: Calismamizda farkli genotiplerdeki IPKH'ler basarili bi-
cimde mikrogliaya farkllagtirlmistir. Elde edilen mikroglia hiicre-
lerinin ¢esitli mikroglia ve NLRP3 inflamazomu iliskili belirtecleri
eksprese ettigi ve pHrodo ile amiloid betayi fagosite edebildigi
g6sterilmistir. Mikroglia hicrelerinin LPS ve amiloid beta ile uya-
rilmasi IL-1beta ve IL-18 salimina neden olurken, CRID3 uygulan-
masi bu etkiyi tersine ¢evirmistir.

Sonug: Calismamiz IPKH'den farklilastinlan mikroglia hiicreleri-
nin, mikroglianin islevsel &zelliklerini tagsimasi nedeniyle NLRP3
yolagi ile iligkili hastalik mekanizmalarinin ve tedavi secenekleri-
nin arastirilmasinda kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Mikroglia, indiiklenmis pluripotent kék hiic-
reler, néroinflamasyon, NLRP3 inflamazomu, amiloid beta

INTRODUCTION

Alzheimer's Disease (AD) is the leading cause of age-re-
lated dementia. It affects more than 50 million people
worldwide (1). AD patients show progressive alterations
of cognitive functions and have problems with commu-
nication, judgement, and orientation skills (2). Except
for the limited number of drugs providing symptomatic
treatment, there is no cure for AD (3).

The most prominent hallmarks of AD are the extracellular
deposition of amyloid beta (AB) plagues and neurofibril-
lary tangles caused by the intracellular accumulation of
hyperphosphorylated tau protein (4). Neuroinflammation,
mediated by microglia and astrocytes surrounding AB
plagues and neurofibrillary tangles, also contributes to the
disease (5). Microglia, the innate immune cells of the cen-
tral nervous system (CNS), plays a central role in brain ho-
meostasis (6). They monitor the environment searching for
pathogens and respond to inflammatory stimuli to main-
tain homeostasis (7). However, exposure to chronic stimuli
causes microglial activation (8). Activated microglia switch
to amoeboid morphology and have a number of changes
such as surface markers and molecules that they release
or recognize (7). They become more motile and migrate
to the relevant area using chemotactic gradient clues (9).

Current studies have shown that the NLR family pyrin
domain containing 3 (NLRP3) inflammasome pathway
is activated in AD patients and mouse models (10, 11).
NLRP3 is the best-characterized inflammasome consisting
of NLRP3, apoptosis-associated speck-like protein con-
taining a CARD (ASC), and caspase-1 proteins (12). The
NLRP3 inflammasome pathway is activated in microglia
in two steps. The first step is priming (e.g., triggered by
lipopolysaccharide (LPS)), which promotes NF-kB gene
transcription and pro-interleukin-1B (pro-IL-1B) and pro-
IL-18 protein production, and the second step is activa-
tion (e.g., triggered by adenosine triphosphate (ATP), AB)

(13). The activation signal leads to the assembly of NLRP3
inflammasome components, promoting the cleavage of
pro-caspase-1 to active caspase-1, which further induces
the production of IL-1B and IL-18 in their mature form (14).
Activation of this pathway in AD mouse model leads to
increased AB deposition, reduced AB phagocytosis and
results in cognitive impairment (11). Several studies have
shown that NLRP3 inflammasome inhibition ameliorates
AB pathology and protects against AD in rodent models
(15, 16). Therefore, NLRP3 inflammasome inhibitors have
been evaluated as therapeutic targets for AD. The cytokine
release inhibitory drug 3 (CRID3) is one of the most potent
and selective inhibitors of the NLRP3 inflammasome (17,
18). Inhibition of this pathway with CRID3 has been con-
sidered a promising anti-inflammatory therapy in AD (19).

Animal models have helped to investigate the key mecha-
nisms involved in the physiopathology of AD. However, these
models do not fully recapitulate the characteristics of AD and
therefore need to be completed (20). The use of human-de-
rived microglia is not always possible due to the inability to
obtain samples from the CNS. The discovery of induced
pluripotent stem cells (iPSCs) overcame the limited possibil-
ities of animal models and offered a unique opportunity to
investigate disease mechanisms using human-derived brain
cells (21). Recently, several groups have proposed different
methods to generate microglia from human iPSCs (22). As
iPSCs represent the pathology better, they can be eligible to
investigate new treatment opportunities in AD.

The aim of this study was to characterize human iPSC-de-
rived microglia and investigate their potential to be used
in NLRP3 pathway-related neuroinflammatory mecha-
nisms involved in AD.

MATERIAL AND METHODS

Human iPSC cell lines
All three iPSC lines were reprogrammed from skin fibro-
blasts derived either from a control subject (CTL) or an AD
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patient (AD) carrying the AE9 mutation in the presenilin-1
(PSENT) gene. In addition, an isogenic line (ISO) was used
where the mutation AE9 has been corrected in the AD line.

All the iPSC lines were generated with the approval of the
committee on Research Ethics of Northern Savo Hospital
district (Date: 29.04.2016, No: 123) after written consent
from the subjects. iPSC lines were provided by the Univer-
sity of Eastern Finland (UEF) based on a material transfer
agreement with the German Center for Neurodegenera-
tive Diseases (DZNE).

iPSC-derived microglia cell culture

Microglial differentiation from iPSCs was performed accord-
ing to a previously published protocol (23). iPSCs were ex-
panded in mTeSR™ Plus medium (Stem Cell Technologies,
Canada) on matrigel (Corning, USA). Firstly, hematopoietic
progenitor cells (HPCs) were generated from iPSCs, and
then they were differentiated into microglia (Figure 1A). All
the cells were incubated under 37°C and 5% CO, conditions
in an incubator (ICO 240, Memmert, Germany).

Flow cytometry analysis

Phenotypical characterization of the cells was performed us-
ing flow cytometry. For each sample 2x10° cells were used.
Fluorochrome-conjugated antibodies CD11b-BV605 (1:33
(v:v), 562721, Horizon, BD, USA), CD45-APC-Cy7 (1:33 (v:v),
557833, (Pharmingen, BD), CD200R-APC (1:33 (v:v), 329308,
BioLegend, USA), P2RY12-PE (1:33 (v:v), 392104, BioLegend),
CD14-PE-Cy7 (1:33 (vv), 557742, Pharmingen, BD), CD16-
BV421 (1:33 (v:v), 562874, Horizon, BD), CX3CR1-FITC (1:33

(v:v), 341606, BioLegend), CD235a-PE-Cy7 (1:33 (v:v), 349112,
BioLegend), CD43-APC (1:33 (v:v), 343206, Biolegend),
CD34-PE (1:33 (v:v), 130-120-515, Miltenyi Biotec, Germany)
or primary antibodies anti-TMEM119 (1:50 (v:v), ab185333,
Abcam, UK), anti-TREM2 (1:50 (v.v), MABN755, Millipore,
French) followed by labelling with secondary antibodies goat
anti-rabbit Alexa Fluor 647 (1:10000 (v:v), A-21244, Invitrogen,
USA) or goat anti-rat Alexa Fluor 488 (1:10000 (v:v), A-11006,
Invitrogen) were used. To assess cell viability, the cells were
stained with 7-AAD (Pharmingen, BD). Samples were ana-
lyzed using a flow cytometer (FACS Canto II, BD), data were
analyzed using FlowJo software (BD).

Real-Time quantitative PCR (RT-qPCR)

RNA purification was performed using the RNeasy® Mini
Kit (74104, Qiagen, Germany). RNA concentration and
purity were determined using a spectrophotometer (Nan-
oDropTM 2000c¢, Thermo Scientific, USA). cDNAs were
synthesized from RNA samples using the RT2 First Strand
Kit (330404, Qiagen). PCR reaction was set using cDNAs,
primers of related genes and RT2 SYBR® Green Mas-
ter Mix (330502, Qiagen). Table 1 indicates information
about the gene-specific primer assays (human) purchased
(330001, RT2 gPCR Primer Assay, Qiagen). PCR conditions
were determined as 1 cycle at 95°C for 10 min, 40 cycles
at 95°C for 15 s and at 60°C for 1 min using a thermal cy-
cler (StepOnePlus, Applied Biosystems, USA). Compara-
tive Ct quantification (AACt method) was performed using
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as
the endogenous control gene, and relative fold changes
were calculated comparing to control samples.

Table 1: Information about the primers used in the RT-gPCR assays (330001, RT2 gPCR Primer Assay, Qiagen)

Gene symbol Gene name

RefSeq accession number  Reference position

NANOG Nanog homeobox NM_024865 1774
SOX2 SRY (sex determining region Y)-box 2 NM_003106 1091
CD34 CD34 molecule NM_001773 474
IBA1(AIF1) Allograft inflammatory factor 1 NM_001623 349
CD14 CD14 molecule NM_000591 463
CSF1 Colony-stimulating factor 1 NM_000757 738
CX3CR1 Chemokine (C-X3-C motif) receptor 1 NM_001337 558
TREMZ2 Triggering receptor expressed on myeloid cells 2 NM_018965 608
TLR2 Toll-like receptor 2 NM_003264 415
TLR4 Toll-like receptor 4 NM_138554 2695
P2RY12 Purinergic receptor P2Y, G-protein coupled, 12 NM_022788 1115
TUJT (TUBB3) Tubulin, beta 3 class Il NM_006086 436
GFAP Glial fibrillary acidic protein NM_002055 1078
OLIG2 Oligodendrocyte lineage transcription factor 2 NM_005806 401

GAPDH Glyceraldehyde-3-phosphate dehydrogenase NM_002046 822
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Figure 1:

Immunocytochemistry

Mature microglia were plated as 15x10* cells/well on
PDL-coated 8-well chamber slide. Cells were fixed with 4%
paraformaldehyde, permeabilized with 3% Triton X-100 in
PBS, and blocked with 3% normal goat serum (Vector Lab-
oratories, USA). Anti-TREM2 (1:500 (v:v), MABN755, Mil-
lipore), anti-IBA1 (1:250 (v:v), 019-19741, Wako, USA), an-

ti-TMEM119 (1:500 (v:v), ab185333, Abcam) and anti-PU.1
(1:40 (v:v), PA5-35158, Thermo Fisher Scientific) primary
antibodies, and goat anti-rabbit Alexa-Fluor 488 (1:10000
(v:v), A-11008, Invitrogen) or goat anti-rat Alexa-Fluor 488
(1:10000 (v:v), A-11006, Invitrogen) secondary antibodies
were used. Cells were imaged using an Laser Confocal
Scanning Microscope (LSM800, Zeiss, Germany) and im-
ages were processed using Image-J software (USA).
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Figure 1: Continue. (A) A two-step protocol was used to obtain iPSC-derived microglia. In the first step of the protocol,
HPCs were differentiated from iPSCs after 12 days. In the second step of the protocol, HPCs were driven into microglial
differentiation for 24 days and after 4 days of further maturation, mature iPSC-derived microglia were obtained. (B, C)
Percentages of positive cells analyzed by flow cytometry in HPCs, iPSC-derived microglia on day 15 (Microglia DIV15), and
mature iPSC-derived microglia for CD235a, CD34, CD43, CD16, CD200R, CX3CR1, CD45, CD11b, CD14, P2RY12,
TMEM119, and TREM2 markers (HPCs (n=3), Microglia DIV15 (n=3) and Mature Microglia (n=1)). Relative quantification of
mRNA expressions of (D) pluripotency markers NANOG and SOX2in iPSCs, (E) hematopoietic marker CD34 in HPCs, and
(F) microglia-associated markers IBA1, CD14, TREM2, CSF1, TLR2, TLR4, P2RY12, and CX3CR1 in iPSC-derived microglia
by RT-gPCR. GAPDH was used as an endogenous control gene, and data are shown as fold increase relative to control
samples. Experiments were carried out in triplicates. One-Way ANOVA, followed by Tukey's multiple-comparison post-
hoc test (D, E) or unpaired Student's t-test (F). (G) Immunocytochemical staining of iPSC-derived microglia with IBAT,
TMEM119, TREM2, and PU.1. Scale bar: 100 um. (H) Western blots and quantification of the proteins IBAT and TREM2 at
different differentiation stages (iPSCs, HPCs, culture layers, and iPSC-derived microglia).

Western blot AP preparation
Cells were lysed in RIPA lysis buffer, protein concentrations Fibrillary AB Preparation: 1 mg HFIP (hexafluoro-2-pro-
were determined using BCA Protein Assay Kit (Thermo Sci- panol) treated AB, 4, (Bachem, Switzerland) was dissolved

entific). 20 pg proteins were separated on 4-12% Bis-Tris in Dulbecco's Phosphate-Buffered Saline (DPBS) with 250
gels (Invitrogen) and blotted onto nitrocellulose membranes pM final concentration. Fibril formation was induced by
(Bio-Rad, USA) which were stained with anti-GSK3B (1:1000 incubating on a shaker at 1000 rpm and 37°C for 80 h,
(viv), 9315, Cell Signaling Technology), anti-TUJ1 (1:1000 and the solution was kept at -80°C until use.

(viv), MAB1195, R&D Systems, USA), anti-Nestin (1:2000 (v:v), )

PA5-11887, Thermo Fisher Scientific), anti-Olig-2 (1:500 (v:v), FAM-labelled AB Preparation: 0.5 mg ﬂuorescgntly la-
AV31464, Sigma-Aldrich, Germany), anti-ASC (1:1000 (vv), ~ Pelled AB 1., (AnaSpec, Eurogentec, USA) was dissolved
AG*2SB*OOO()*C100, Adlpogeh, USA), aﬂtI*NLRP:S (1500 n 40 mM NaOH and dlluted to 221 HM Wlth Tris HCl Af-
(v:v), AG-20B-0014-C100, Adipogen), anti-MyD88 (1:500 (v:v), ter mcubgtlon at 37°C for 24 h, the solution was kept at
ab2064, Abcarm), anti-IBAT (1:1000 (v:v), 17198, Cell Signaling ~ ~80°C until use.

Technology, USA), anti-TREM2 (1:1000 (v:v), ab209814, Ab-
cam), anti-GFAP (1:1000 (V_:V)' MAB?’éO' Millipore), gnti—GAF’— Mature microglia were plated onto matrigel-coated
DH (1:1000 (v:v), G545, Slgma—Aldrth),.gntl—B—éctln.(1:1000 plates and primed for 3 h with 100 ng/ml LPS (tlrl-eklps,
(v:v), MA5-15739, Thermo Fisher Scientific) antibodies and InvivoGen, USA) and stimulated with 2,5 uM fibrillary AB

labelled with fluorescent near-infrared secondary antibodies (5. 24h Cells were incubated in the presence or absence
IRDye 800CW Goat anti-rabbit IgG and IRDye 680LT Goat 11 uM CRID3 (MCC950, Invivogen).
anti-mouse 1gG (1:20000 (v:v), 926-32211 and 926-68020, LI-

COR, USA). Proteins were visualized with an imaging system Measurement of cytokine secretion

Stimulation assays

(Odyssey CLx Imaging System, LI-COR), images were ana- ~ Cytokines release after stimulation were measured by
lyzed using Image Studio (LI-COR). Protein levels were nor- ELISA. Cell culture supernatants were assayed according
malized to GAPDH or B-actin protein expressions. to the manufacturer’s protocol (human IL-1B, IL-18, IL-6,
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CXCL12 DuoSet ELISA kit (R&D Systems)). Optical den-
sity was determined at 450 nm with a microplate reader
(Infinite M200, Tecan, Switzerland), data were analyzed
using GraphPad® Prism 8 software.

Phagocytosis analyses

Mature microglia were plated in Microglia Basal Medium
on Matrigel-coated 24-well plates as 18x10* cells/well. Af-
ter incubation with 10 pg/ml pHrodo bioparticles (Invitro-
gen) for 30 min, 1 h, and 2 h or 0.5 uM FAM-labelled AB
(AnaSpec, Eurogentec) for 1 h, 3 h, and 5 h, the cells were
collected from the plates and added in FACS tubes. The
cells were stained with 7-AAD dye (Pharmingen, BD) for
10 min. Samples were analyzed using a BD FACSCanto ||
flow cytometer, data were analyzed using FlowJo software.

Live cell imaging

iPSC-derived microglia were plated in Microglia Differ-
entiation Medium on PDL-coated 8-well chambers as
10° cells/well and incubated overnight. The medium was
changed to Microglia Basal Medium and 40 uM TAM-
RA-labelled AB (AnaSpec, Eurogentec) was added. Time-
lapse images were taken during 1 h or 30 min, and videos
were created from these images using Live Cell Imaging
Microscopy (Eclipse Ti, Nikon, Japan) and NIS-Elements
software (Nikon).

Statistical analyses

Graph Pad Prism software Version 8.0 was used. Statis-
tical analysis was performed using one-way ANOVA or
two-way ANOVA, followed by Tukey’s multiple-compar-
ison post hoc test or unpaired Student’s t-test. Levels of
significance were indicated as ****p<0.0001 ***p<0.001
**p<0.01 *p<0.1.

RESULTS

Characterization of iPSC-derived HPCs and microglia
iPSC-derived microglia were obtained at the end of 40
days of differentiation. In the first step, iPSCs were driven
into mesodermal differentiation and then hematopoiesis
was promoted. Round-shaped hematopoietic progeni-
tor cells (HPCs) were obtained on day 12 (Figure 1A). In
the second step, the collected HPCs were cultured in
Microglia Differentiation Medium for 24 days. After four
days of maturation in the Microglia Maturation Medium,
iPSC-derived microglia were obtained (Figure 1A).

Flow cytometry showed that HPCs expressed hemato-
poietic markers CD43, CD235a, CD34 and also myeloid
marker CD45 (Figure 1B). iPSC-derived microglia on day
15 started expressing CD11b and CD14 while hemato-
poietic marker expressions were decreasing. The expres-
sion of the myeloid markers CD45, CD11b, and CD14 was
highly increased in mature microglia. Also, CX3CR1 and
P2RY12 expressions increased when compared to HPCs.
Almost all the cells of the mature microglia expressed

the important microglia-associated markers TREM2 and
TMEM119 (Figure 1C).

Various gene expressions of iPSC, HPC, and iPSC-derived
microglia were determined by RT-gPCR. iPSCs expressed
the pluripotency markers NANOG and SOX2 (Figure 1D).
HPCs expressed hematopoietic marker CD34 (Figure 1E),
and iPSC-derived microglia expressed all the microg-
lia-associated markers that were tested (Figure 1F).

Immunocytochemistry for IBA1, TMEM119, TREM2, and
PU.1 was performed. iPSC-derived microglia were posi-
tively stained with all four markers (Figure 1G).

IBA1 and TREM2 expressions during differentiation were
also analyzed by Western blot. IBAT was slightly ex-
pressed in all stages of differentiation, but its expression
was increased in iPSC-derived microglia, especially in the
AD genotype (Figure 1H). TREM2 was only expressed
in iPSC-derived microglia (Figure 1H). IBAT and TREM2
proteins were expressed higher in the AD genotype com-
pared to ISO.

Characterization of culture layers

During differentiation, iPSCs formed a layer of attached
cells, which we named culture layer, and on top of which
HPCs pop off (Figure 2A). We aimed to characterize cul-
ture layers after collecting the HPCs. Western blot results
revealed that TUJ-1 was highly expressed in the culture
layers of all genotypes (Figure 2B). However, a very low
level to no expression of GFAP was detected (Figure 2B).
In addition, neural progenitor cell (NESTIN) and oligo-
dendrocyte (OLIG-2) markers were not detected in the
culture layers by Western blot (not shown).

TUJ1, GFAP, and OLIG-2 expressions of the culture layers
were also assessed by RT-gPCR, and similar results were
obtained. TUJ1 was highly expressed in the culture lay-
ers (Figure 2C). However, GFAP and OLIG-2 expressions
were not detected (not shown).

AB caused NLRP3-related cytokines release in iP-
SC-derived microglia

iPSC-derived microglia expressed ASC and NLRP3 proteins,
but very low/no expression was detected in iPSC, HPC, and
culture layers (Figure 3A). MyD88 protein was expressed in
iPSC, culture layer, and iPSC-derived microglia at low lev-
els, but no expression was detected in HPC samples (Figure
3A). GSK3P protein was prominently expressed in iPSC, the
culture layer, and iPSC-derived microglia, but no expression
was detected in the HPC samples (Figure 3A).

To characterize NLRP3 inflammasome pathway activation,
ELISA analyses were performed after the stimulation as-
says (Figure 3B). AB stimulation after LPS priming caused
a significant increase in IL-1B and IL-18 release (Figure
3Q). In the presence of CRID3, this effect was counteract-
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Figure 2: (A) During differentiation, iPSCs form a layer of attached cells called the culture layer (asterisks), on top of
which HPCs (arrows) pop off. (B) Western blots and quantification for the proteins TUJ1 and GFAP of the culture layers
(n=4). (C) Relative quantification of mRNA expressions of TUJT and GFAP in the culture layers by RT-gPCR. GAPDH was
used as an endogenous control gene, and data are shown as fold increase relative to the control samples. Experiments
were carried out in triplicates. One-Way ANOVA, followed by Tukey's multiple comparison post hoc test.

ed. The secretions of other pro-inflammatory cytokines
were also measured. LPS priming and AB stimulation af-
ter LPS priming increased IL-6 release, but this increase
was not statistically significant (Figure 3C). AB stimulation
after LPS priming caused an increase in CXCL12 release,
and CRID3 treatment decreased this release (Figure 3C).

iPSC-derived microglia phagocytosed pHrodo biopar-
ticles and AB

The phagocytosis of pHrodo bioparticles by iPSC-derived
microglia was increased in a time-dependent manner
(Figure 4A). Phagocytosis of pHrodo bioparticles were
visualized using fluorescence microscopy (Figure 4B).

The percentages of AB phagocytosis by iPSC-derived
microglia were high for both genotypes. (Figure 4C). iP-

SC-derived microglia of the AD genotype were observed
to be slightly more phagocytic than those of the ISO gen-
otype, but this difference was not statistically significant.

AB phagocytosis of the cells was also observed with live-
cell imaging. iPSC-derived microglia of the AD genotype
were observed to be more phagocytic than those of the
ISO genotype (Figure 4D).

DISCUSSION

Recent studies have revealed the importance of neuroin-
flammation in AD and highlighted the role of microglia
as one of the main regulators of neuroinflammation (24).
Until recently, microglia studies were limited to animal
models, biopsy of patients, or post-mortem brain sam-
ples (25). Although animal models have provided us with
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Figure 3: (A) Western blots and quantification for the proteins ASC, NLRP3, MYD88, and GSK3B of different
differentiation stages (iPSCs, HPCs, culture layers, and iPSC-derived microglia); ASC and GSK3B (n=2), NLRP3 and
MYD88 (n=1). (B) Scheme of stimulation experiments showing 3 h LPS priming and 24 hours AB stimulation of iPSC-
derived microglia. (C) IL-1B, IL-18, IL-6, and CXCL12 release of iPSC-derived microglia upon LPS priming and AB
stimulation in the presence or absence of CRID3. Experiments were carried out in duplicates (except CXCL12; n=1).
Two-Way ANOVA, followed by Tukey's multiple-comparison posthoctest, *:p<0.1, **:p<0.01, ***:p<0.001, ****:p<0.0001.

very useful information regarding the pathogenesis of
AD, failures in drug development studies have led to the
questioning of these models. Since the etiology of AD
is still not fully known, the ability of many proposed AD
animal models to represent AD pathology is limited. For
example, although animal models produced by the over-
expression of AD-related genes recapitulate AB plaques,
neuroinflammation, and memory loss, they fail to display
neuronal death and degeneration, which are important
hallmarks of AD in humans. Additionally, transcriptomic
studies demonstrated substantial differences between
murine and human microglia, including different aging.
Most animal models fail to demonstrate the molecular
signatures implicated in human AD cases, such as neu-
roinflammatory responses, antigen presentation, and
adaptive immune responses (20, 26). Since the accessi-
bility of human brain tissue is very limited, the number of
studies on primary human microglia is few and restrict-
ed to patient samples or post-mortem tissue harvesting.
Working with these samples brings problems, such as
limited number of cells, post-mortem artefacts, and lack
of healthy controls. Since iPSCs can be obtained from
both patients and healthy individuals, provide a physio-

logically relevant background, can be proliferated indef-
initely, and can be differentiated into desired brain cells,
they present a valuable human cell source for investigat-
ing AD mechanisms by overcoming the limitations of the
previous models (22).

Microglia originate from mesodermal primitive yolk sac
progenitors, which give rise to erythromyeloid progeni-
tors (EMPs) (27, 28). EMPs form yolk sac macrophages at
E17 and migrate to the brain to form microglia from E31
until the blood-brain barrier is closed. Microglia that inter-
act with other brain cells become mature and functional
(22, 29). By mimicking the developmental stages, research
groups have developed protocols to differentiate iPSCs
into microglia. Although the basic approach is the same,
each protocol has differences. As the first step of differ-
entiation, iPSCs were directed to mesodermal differentia-
tion using growth factors, and myeloid progenitors/eryth-
ro-myeloid progenitors were obtained. Afterwards, the
cells were supported with essential growth factors and sig-
naling molecules to promote microglial differentiation. For
maturation, microglia co-cultured with neurons/astrocytes
or maturation factors (CD200 and CX3CL1) were added to
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Figure 4: (A) Flow cytometry graphs showing pHrodo phagocytosis of iPSC-derived microglia after 30 min, 1 h, and 2
h incubation with pHrodo bioparticles (n=1). (B) Fluorescence microscopy images of iPSC-derived microglia showing
nuclei of the cells (blue) and phagocytosed pHrodo bioparticles (red, arrows), 20X. (C) Flow cytometry graphs showing
AB phagocytosis of iPSC-derived microglia after 1 h, 3 h, and 5 h incubation with FAM-labelled AB, (n=2). Two-Way
ANOVA, followed by Tukey’s multiple-comparison post-hoc test. (D) Live cell imaging microscopy photographs showing
TAMRA-labelled AB phagocytosis (arrows) of iPSC-derived microglia, 20X.

the media (23, 29-31). Some methods required low oxy-  simplified method that does not need hypoxic incubation,
gen conditions or the separation of cells by FACS using FACS sorting, or co-culture, we followed their protocol to
specific markers (30-34). As McQuade et al. suggested a  obtain microglia from iPSCs (23).
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Following the protocol, during mesodermal differentiation,
iPSCs formed an attached layer of an unknown cell pop-
ulation, which we call culture layer, on top of which HPCs
pop off. After collecting HPCs as a suspension on day 12,
analysis of the culture layers revealed the expression of the
neuronal marker TUJ-1 both at the mRNA and protein lev-
els. Foudah et al. reported the spontaneous expression of
neural markers, including TUJ-1, in undifferentiated mesen-
chymal stem cells from different sources (35). However, Bi-
anchi et al. showed that undifferentiated iPSC colonies did
not express TUJ-1 (36). TUJ-1 is known as an early neuronal
marker widely used in stem cell studies to verify neuronal
differentiation. In this context, TUJ-1 expression in the cul-
ture layers indicates that, although not targeted, neuronal
differentiation of iPSCs may have been induced in the cul-
ture layers, and neurons may be the main supportive cells of
microglial differentiation in this protocol.

One of the challenging problems of microglia research
is that there is no specific marker for microglia. Some
highly used common microglia markers (CD45, CD11b,
IBA1) are known to be shared with other cell types like
macrophages. Therefore, several studies have proposed
potential markers specific to microglia. To the current
knowledge, TREM2, TMEM119, CX3CR1, and P2RY12 are
considered as the most specific microglia markers in hu-
man tissues (37, 38). TREM2 is involved in processes such
as phagocytosis, proliferation, and chemotaxis, is a mark-
er of tissue-specific macrophages, and is known to be ex-
pressed only by microglia in the brain. Garcia-Reitboeck
et al. showed TREM2 expression in microglia differentiat-
ed from human iPSCs (39). TMEM119 is a transmembrane
protein originally described as a regulator of osteoblast
differentiation. Transcriptomic studies have shown that
TMEM119 is expressed specifically by microglia in the
CNS (40). Subsequent studies suggested TMEM119 to
distinguish microglia from blood-derived macrophages
infiltrating the CNS (41). CX3CR1, a chemokine receptor
expressed in microglia, is involved in the recruitment of
mononuclear phagocytes to the inflammation site. Since
neurons express CX3CL1, the ligand of the receptor, CX-
3CR1-CX3CL1 signaling pathway plays an important role
in microglia and neuron communication (42). P2RY12, a
purinergic receptor located on the surface of microglia,
detects molecules such as ATP released from damaged
cells in case of danger and is involved in processes re-
lated to inflammation, cell movement and cell migration
(43). In this study, we have validated that iPSC-derived
microglia express the microglia-specific markers TREM2,
TMEM119, CX3CR1, and P2RY12 in addition to the com-
mon microglia markers.

Microglia are responsive to inflammatory stimuli, and an
exaggerated inflammatory response is involved in AD (38).
Several studies have shown that inhibition of the NLRP3 in-
flammasome pathway improves amyloid pathology in rodent

disease models and may be protective against AD (15, 16).
Therefore, NLRP3 inflammasome inhibitors are considered
among the therapeutic targets. CRID3 is one of the most ef-
fective and selective inhibitors of the NLRP3 inflammasome.
It binds to the Walker B motif in the NACHT domain of the
NLRP3 protein and puts it in a more closed and inactive
conformation. This prevents ATP hydrolysis of NLRP3, thus
preventing the activation of the NLRP3 inflammasome (18).
Lutiinaité et al. showed that increased IL-1P levels upon stim-
ulation with AB after LPS priming decreased after CRID3 ad-
ministration in primary mouse microglia (44). Dempsey et al.
stated that AB pathology was reduced and IL-1B level was
decreased in brain homogenates upon CRID3 treatment
in APP/PS1 mice (45). Mouton-Liger et al. showed that in-
creased levels of IL-1B and IL-18 with NLRP3 activators were
decreased with CRID3 treatment in primary mouse microglia
(46). Clénet et al. differentiated microglia from iPSCs of Amy-
otrophic Lateral Sclerosis patients and healthy subjects (47).
LPS treatment caused increase of IL-1B level, while CRID3
decreased this effect. In our study, we showed that iPSC-de-
rived microglia expressed NLRP3 pathway-related proteins,
and stimulation with AB after LPS priming resulted in the
release of IL-1B and IL-18 cytokines. Moreover, in the pres-
ence of CRID3, cytokine releases were significantly reduced.
Our results indicate that iPSC-derived microglia do not only
express microglial markers but also show critical functional
microglial features like being responsive to important stimu-
lators in AD. Also, together with previous research, our results
support that inhibition of the NLRP3 inflammasome pathway
using inhibitors such as CRID3 can be evaluated as a new an-
ti-inflammatory treatment method for AD.

Microglia recognize and phagocytose foreign particles
and protein aggregates via various receptors on their sur-
face. Our study showed that iPSC-derived microglia can
successfully phagocyte pHrodo and AB. These data indi-
cate that iPSC-derived microglia do not only express mi-
croglia-associated markers but also carry the phagocytic
function of microglia. One of the proposed mechanisms
of AD is the inability of microglia to clear AR deposits
due to decreased phagocytic activity. However, there are
controversial results regarding microglial phagocytosis in
AD. In 5XFAD mice, microglia around AB plaques took up
AB which is followed by microglial cell death, and dying
microglia released AP deposits in the extracellular space,
contributing to AB plaque growth (48). In APP/PS1 mice,
deficiency of TAM receptors that function in AR phago-
cytosis of microglia resulted in fewer dense core plaques,
showing that phagocytosis does not prevent the develop-
ment of AB plaques, but rather promotes it (49). Xu et al.
stated that human iPSC-derived microglia-like cells (iMGL)
originating from sporadic AD lines showed higher phago-
cytic ability than control lines (50). However, Konttinen et
al. reported dampening of phagocytosis in APOE4 iMGLs,
but no change in APPswe or PSENTAE? iMGLs (33). In our
study, we evaluated pHrodo and AB phagocytosis ability
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of iPSC-derived microglia and the AD genotype seemed
more phagocytic than that of the ISO genotype. Further
research is needed to elucidate whether microglial phago-
cytosis contributes to the disease pathology in AD.

CONCLUSION

In summary, our study shows that iPSC-derived microglia
provide key phenotypical and functional characteristics of
microglia, such as expressing various distinctive microg-
lial markers, being responsive to stimulant molecules,
and being able to phagocytose AB. As iPSC-derived mi-
croglia originate from patients’ own cells, this helps to
overcome the limitations of AD studies related to animal
models. Our results support that human iPSC-derived
microglia can be a critical tool for understanding human
AD pathogenesis, identifying therapeutic targets, and
allowing large-scale drug screening of novel therapeutic
candidates related to the NLRP3 inflammasome pathway.
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ABSTRACT

Objective: Lupus nephritis (LN) is a detrimental consequence of
systemic lupus erythematosus (SLE). The anti-C1qg antibody was
shown to be related to LN, or global disease activity, in various
studies. Our purpose was to determine its prevalence and asso-
ciation with LN or disease activity in Turkish patients with SLE.

Material and Method: We conducted a cross-sectional sin-
gle-centre study to investigate the clinical and laboratory find-
ings, disease activity, and anti-C1q levels in 150 patients with SLE.
The anti-C1q antibody was analyzed using an enzyme-linked
immunosorbent assay and compared with 150 healthy-control
patients.

Result: Lupus nephritis was present in 72 patients. The frequency
of anti-Clqg positivity was 17% (26/150) in patients with SLE and
3% (5/150) in control group (p<0.001). Patients with anti-C1q also
had anti-Sm, direct Coombs’ test, and thrombocytopenia more
commonly (p=0.001, p=0.007, p=0.009 respectively). Anti-C1q was
positively correlated with proteinuria, haematuria, systemic lupus
erythematosus disease activity index (SLEDAI) (p<0.001), anti-
dsDNA (p=0.03), and negatively correlated with C3 (p<0.001) and C4
(p=0.015). Patients with active LN had higher anti-C1q (p=0.01) and
anti-dsDNA (p<0.001) titres than inactive LN patients, although in
multivariate logistic regression analysis, anti-C1q was not significant
for LN history. It was significant for SLEDAI severity (p=0.036).

OZET

Amag: Lupus nefriti (LN), sistemik lupus eritematozus'un (SLE)
tehlikeli bir sonucudur. Cesitli calismalarda anti-C1q antikorunun
LN veya global hastalik aktivitesi ile iligkili oldugu gosterilmistir.
Bu calismada amacimiz, Turk SLE'li hastalarda anti-C1q preva-
lansini, LN veya hastalik aktivitesi ile iligskisini belirlemekti.

Gereg ve Yéntem: Kesitsel tek merkezli bir calisma ile 150 SLE'li
hastada klinik ve laboratuvar bulgulari, hastalik aktivitesi ve an-
ti-C1q duzeyleri degerlendirildi. Anti-C1q antikoru, ELISA (enz-
yme-linked immunosorbent assay) ile analiz edildi, toplam 150
kisiden olugan hasta ve saglikli kontrol grubu ile karsilastinldi.

Bulgular: Yetmis iki hastada LN'i saptandi. Anti-Clqg pozitiflik
orani SLE hastalarinda %17 (26/150), kontrol grubunda ise %3
(5/150) idi (p<0,001). Anti-C1q antikoru pozitif olan hastalarda
ayni zamanda pozitif anti-Sm antikoru, direkt Coombs testi ve
trombositopeni de daha sik gorildi (sirasiyla p=0,001, p=0,007,
p=0,009). Anti-C1q antikoru proteiniri, hematuri, sistemik
lupus eritematoz hastalik aktivite indeksi (SLEDAI) (p<0,001),
anti-dsDNA (p=0,03) ile pozitif, C3 (p<0,001) ve C4 (p=0,015)
ile negatif korelasyon gosterdi. Aktif LN'li hastalarda anti-C1q
(p=0,01) ve anti-dsDNA (p<0,001) titreleri inaktif LN hastalarina
gbre daha yuksekti, ancak ¢ok degiskenli lojistik regresyon
analizinde anti-C1q LN &ykisi icin anlamli degildi. SLEDAI
siddeti agisindan anlamlilik saptandi (p=0,036).
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Conclusion: Our study demonstrated a significant association
of anti-C1q with SLE, proteinuria, haematuria, thrombocytope-
nia, general disease activity, and active LN, but not with inactive
renal disease. This is the first study investigating the clinical sig-
nificance of this antibody in Turkish patients. Further studies are
needed to clarify the pathogenesis of lupus nephritis.

Keywords: Anti-C1q, systemic lupus erythematosus, lupus ne-
phritis, systemic lupus erythematosus disease activity index

Sonug: Calismamiz anti-C1q antikorunun SLE, proteiniri, he-
matiri, trombositopeni, genel hastalik aktivitesi ve aktif LN ile
anlamli bir iligkisi oldugunu, ancak inaktif bobrek hastaligi ile il-
iskili olmadigini kanitladi. Calismamiz, bu antikorun Turk SLE'li
hastalarda klinik dnemini arastiran ilk arastirmadir. Lupus nefriti-
nin patogenezini agikliga kavusturmak icin daha ileri calismalara
ihtiyac vardir.

Anahtar Kelimeler: Anti-C1q, lupus nefriti, sistemik lupus eri-
tematozus, sistemik lupus eritematozus hastalik aktivite indeksi

INTRODUCTION

Systemic lupus erythematosus (SLE) is characterized by
various autoantibody production processes that con-
tribute to inflammatory damage across various organ
systems. Lupus nephritis (LN) is a frequent and severe
condition, often indicating a worse prognosis (1). Prompt
diagnosis and treatment are essential for improving LN
outcomes and survival in patients with SLE (2). However,
the gradual onset and unpredictable course of LN pres-
ent challenges in diagnosis and monitoring. A biomarker
capable of predicting LN flares before noticeable chang-
es in proteinuria, urine sediment, or decline in kidney
function that can be routinely monitored during patient
visits would be invaluable for initiating treatment early
and preventing significant renal damage (3).

Increased levels of anti-double-stranded DNA (anti-dsD-
NA) antibodies and reduced complement levels were
linked to active SLE. However, their lack of specificity for
renal flares has led to a search for other antibodies (4, 5).
Complement activation is crucial in the development of
both SLE and LN. C1q, the initial component of the clas-
sical complement pathway, participates in the removal of
immune complexes formed during apoptosis from tissues
(6). Although genetic C1q deficiency is linked to SLE, in
most SLE patients, C1q deficiency is a secondary event
associated with anti-C1q antibodies. These antibodies
can impede the neutralisation of immune complexes with
C1q, leading to their deposition, complement activation,
and subsequent inflammation (7).

Various studies have investigated the link between anti-
C1q antibodies and LN or global activity in SLE. Some
of them suggested that anti-C1q antibodies are superior
markers for identifying renal flares (8, 9). In contrast, others
have argued that combining anti-C1qg antibodies with other
antibodies provides better predictive value than using
anti-C1q antibodies alone (10-12). Most of these studies
have stated that the absence of this antibody is related to
a lower possibility of LN flares (10). A multinational study
stated that anti-C1q levels were parallel to activity levels
measured by the modified Safety of Estrogen in Lupus:
National Assessment-Systemic Lupus Erythematosus

Disease Activity Index (SELENA-SLEDAI) and the Systemic
Lupus International Collaborating Clinics (SLICC) Renal
Activity Score (RAS) (7). However, researchers have argued
that anti-C1qg antibodies are related to overall disease
activity, not necessarily nephritis (13). Two meta-analyses
aimed to resolve the conflicting findings regarding
anti-C1q antibodies. Yin et al. suggested that anti-Clqg
antibodies could be an informative tool for forecasting LN
and measuring active nepbhritis, whereas Eggleton et al.
did not find sufficient evidence to support this association
(14, 15).

In the current study, our primary goal was to assess the
importance of the anti-C1q antibody in Turkish SLE pa-
tients and to analyse its connexion with LN and disease
activity.

MATERIAL AND METHODS

Patients

We conducted a controlled cross-sectional study at our
university hospital rheumatology outpatient clinic from
January 2016 to January 2017. Our clinic serves as a ter-
tiary referral centre for rheumatology.

One hundred and fifty consecutive SLE patients were en-
rolled. All patients were diagnosed with SLE, either by
fulfilling at least four of the American College of Rheu-
matology (ACR) revised diagnostic criteria for SLE or 4 of
the SLICC 2012 diagnostic criteria (16, 17).

During routine outpatient follow-up visits, we recorded
demographics including age and gender. In addition, we
measured levels of anti-C1q, anti-dsDNA, anti-Smith (an-
ti-Sm), complement components C3 and C4, performed
a Coomb’s test, obtained a complete blood count (CBC),
and analysed urine for red blood cell (RBC) casts and 24-h
urine protein levels. Clinical manifestations and treat-
ments received by the patients up to the study period
were also evaluated to define their general characteris-
tics (Table 1).

Disease activity was defined according to SLEDAI 2000
(SLEDAI-2K) criteria (18). A SLEDAI score of 0-3 was clas-
sified as inactive disease, 4-8 as mild, 9-12 as moderate,
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Table 1: Clinical, laboratory findings, and treatments of SLE patients until the time of study n (%)

Photosensitivity 94 (62.7)
Malar rash 71 (47.3)
Discoid rash 13(8.7)
Oral ulcer 28 (18.7)
Alopecia 41 (27.3)
Arthritis 101 (67.3)
Pleuritis 25(16.7)
Pericarditis 18 (12)
Seizure 5(3.3)
Lupus nephritis 72 (48)
Proteinuria 16 (10.7)
Haematuria 14 (9.3)
Leukopoenia 24 (16)
Lymphopenia 35(23.3)
Haemolytic anaemia 12 (8)

Thrombocytopenia 6 (4)

APS? history 24 (16)
Coomb's test (+) 25 (16.7)
Low C3/C4 46 (30.7)

Anti-dsDNA (+) 36 (24)
Anti-Histone (+) 33(22)
Anti-Sm (+) 14 (9.3)
Anti-Sm/RNP 44 (29.3)
Anti-SSA (+) 57 (38)
Anti-SSB (+) 21 (14)
Anti-Nucleosome (+) 57 (38)
Anti-Rib P Protein (+) 21 (14)
LACP 17 (11.3)
ACLACIgG (+) 5(3.3)
ACLA IgM (+) 2(1.3)
Steroid 148 (98.7)
Hydroxychloroquine 150 (100)
Azathioprine 108 (72)
Mycophenolate mofetil 54 (36)
Cyclophosphamide 44 (29.3)
Rituximab 15 (10)
Intravenous immune globulin 3(2)
Plasmapheresis 1(0.7)

2 Antiphospholipid syndrome, °: Lupus anticoagulant, : Anti-cardiolipin antibody

and 212 as severe activity. Patients with moderate to se-
vere disease activity (SLEDAI score =9) were considered
to have active disease. Urine protein excretion =500 mg/
day or the presence of >5 RBC casts per high-power field
(HPF) was interpreted as active nephritis. Renal biopsies
were assessed based on the revised International Society
of Nephrology and Renal Pathology Society (ISN/RPS)
classification (19).

The disease control (DC) group comprised 1071 consecu-
tive patients followed at the same clinic. The healthy con-
trol (HC) group included 49 individuals with no history of
chronic diseases.

For anti-C1qg antibody measurement, sera were collected
and frozen as 100 pL samples at minus 80°C until analysis.

The Kocaeli University Ethics Committee approved the
research protocol, and all participants provided written
consent (Date: 11.12.2015, No: KAEK/2015/133-16/19).

Anti-C1q IgG antibodies

Enzyme-linked immunosorbent assay (ELISA) kits (ORG
549, Orgentec Diagnostika GmbH, Mainz, Germany)
were utilised for anti-C1q antibody detection. Initially,
sera were diluted by 1/100, introduced into the wells,
and incubated for 30 min at room temperature (RT). After
three washes with the wash solution, 100 pL of enzyme
conjugate was introduced into the wells and incubated
again at RT.

Following a 15-min incubation, each well was washed
three times, and 100 pL of trimethyl benzene solution
was introduced, followed by further incubation for 15 min
at RT. Finally, 100 pL of stop solution was applied to the

wells, and optical density was assessed at 450 nm. The
results were used to determine the concentrations based
on a predefined conversion method. Ten U/mL was set
as the cut-off value for anti-C1qg, with values 210 U/mL
interpreted as positive per manufacturer.

Other tests

The anti-nuclear antibody (ANA) test was conducted with
an indirect immunofluorescence assay (Euroimmun, Lu-
ebeck, Germany), with titres of 1:160 considered as the
cut-off value. Anti-extractable nuclear antigen (ENA) an-
tibodies were detected with an immunoblotting assay
(Euroimmun, Luebeck, Germany). Anti-dsDNA antibod-
ies were measured using ELISA (Euroimmun, Luebeck,
Germany). Serum C3 and C4 levels were measured using
Beckman Coulter reagents on the AU5800 analyser (Brea,
California, USA). CBC measurements were performed
using a Beckman Coulter DxH800 Hematology Analyzer
(Brea, California, USA). The Coombs test was conducted
using the Beckman Coulter Across Auto System Octom
(Brea, California, USA). RBC casts were detected using
a Beckman Coulter iQ200 Sprint urine microscopy sys-
tem (Brea, California, USA). Twenty-four-hour urine pro-
tein levels were measured spectrophotometrically us-
ing Beckman Coulter reagents on the AU5800 Analyser
(Brea, California, USA).

Statistical analysis

SPSS®© 25.0 (IBM Statistical Package for Social Sciences,
Corp., Armonk, NY, USA) and RO programmes were uti-
lised for analysis. Gender, clinical and laboratory findings,
and treatments patients received until the time of study
were expressed as frequencies (the number of cases) and
relative frequencies (percentages). Age, anti-C1qg and an-
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ti-dsDNA titres, proteinuria, haematuria, white blood cell
(WBC), RBC, platelet (PLT) counts, and C3 and C4 levels
were reported as mean values + standard deviation (SD)
in cases of normal distribution. Kolmogorov-Smirnov test
was utilised to cheque distribution.

The chi-square test or Fisher exact test was used to evalu-
ate clinical and laboratory findings based on anti-C1q anti-
body status. The difference in anti-C1q titres between pa-
tients and controls was analysed using the Mann-Whitney
U test. Likewise, the differences in anti-dsDNA titres, pro-
teinuria, haematuria, WBC, RBC, PLT counts, and C3 and
C4 levels between patients based on anti-Cl1q antibody
status were analysed with t-test or Mann-Whitney U test.

To evaluate the difference in anti-C1q and anti-dsD-
NA titres, as well as C3 and C4 levels between patients
with and without LN based on disease activity, t-tests or
Mann-Whitney U tests were used, based on the normality
of the data.

For comparison of all four of these groups separately,
ANOVA or Kruskal-Wallis test with Bonferroni analysis
was utilised. Correlations between anti-C1q, anti-dsDNA,
C3, and C4 were analysed using the Spearman correla-
tion test. Furthermore, logistic regression analysis was
performed to estimate the impact of anti-C1q, anti-dsD-
NA, C3, and C4 on LN and disease activity. A p-value less
than 0.05 was defined as statistically significant.

RESULTS

SLE and control group characteristics

One hundred and fifty consecutive patients with SLE (138
female, 12 male) were enrolled. Patients’ ages ranged
between 19 and 82 years with a mean of 46+12.8. The
average duration of disease was 74.3+51.4 months. Ar-
thritis was the most common symptom (67.3%), followed
by photosensitivity (62.7%) and malar rash (47.3%). Twen-
ty-four patients had anti-phospholipid syndrome.

Of the 72 patients with a history of LN, only three patients
did not undergo a renal biopsy. Among those who under-
went biopsies, one patient’s result was non-diagnostic.
The pathological diagnoses were as follows: class Il LN
was present in 24 patients, class lll in eight, class IV in 26,
and class V in 10. The glomerular filtration rate (GFR) was
below 60 ml/min in 12 patients.

In patients with LN, 26 had mild, four had moderate, and
four had severe active disease. Patients without LN had
less active disease; 13 had mild, two had moderate, and
two had severe active disease. Table 1 presents the clin-
ical and serological information, and the treatments re-
ceived by SLE patients up to the time of the study.

There were 107 patients in the DC group, as follows: rheu-
matoid arthritis (n=85), Sjégren syndrome (n=8), adult-on-

set Still's disease (n=3), systemic sclerosis (n=2), and pso-
riatic arthritis (n=3), all meeting their respective diagnostic
criteria. The HC group comprised 49 individuals without
any chronic diseases. Age and gender were similar be-
tween the SLE and control groups, as detailed in Table 2.

The prevalence and titres of anti-C1q antibodies

The prevalence of anti-C1qg antibodies in SLE patients
was 17% (26/150) and was significantly higher than that
in DC (3/101) and HC (2/49) subjects (p<0.001 calculated
both combined and separately for each control group).

Additionally, compared with both control groups, the ti-
tres of anti-C1q antibodies were considerably greater in
SLE patients (p<0.001) (Table 2).

Anti-C1q antibodies and clinical, laboratory findings
Patients who had anti-C1q antibodies had a greater
amount of proteinuria (p=0.047) than those without this
antibody, despite a similar prevalence of LN between the
two groups. Additionally, these patients had more an-
ti-dsDNA (p=0.016 for prevalence and p=0.014 for titre)
and lower C3 levels (p=0.009), despite similar prevalence
of low C3 across groups (p=0.131). Conversely, both
the prevalence of low C4 (p=0.017) and lower C4 levels
(p=0.001) were significantly higher in patients who had
anti-C1q antibodies. Furthermore, these patients also
had more anti-Sm antibodies (p=0.001) and Coombs’
tests (p=0.007). Although thrombocytopenia was preva-
lent among these patients (p=0.009), platelet numbers
were similar (p=0.779). Only a few patients with extreme-
ly low platelet counts could be the reason for this. Table
3 summarises clinical and laboratory features of SLE pa-
tients based on anti-C1q antibody status.

Correlations with other parameters

We observed a positive correlation between anti-C1qg and
SLEDAI (r=0.378, p<0.001), anti-dsDNA (r=0.178, p=0.03),
proteinuria (r=0.286, p<0.001), and RBC casts (r=0.438,
p<0.001). Conversely, we also found a negative correlation
between this antibody and C3 (r=-0.322, p<0.001) and C4
(r=-0.198, p=0.015) (Figure 1). We did not find any correla-
tion with WBC, lymphocyte, or PLT counts.

Table 2: Demographics and anti-C1q antibody levels
in each group

TS e amicrg

Female/Male 138/12 132/18 p=0.248

Age (years) 46+12.8 455145 p=0.943
(19-82) (17-76)

Anti-Clq (+)° 26 (17) 5(3) p<0.001*

Anti-C1q titres®  8.42+16.02 3.47+3.97 p<0.001*

: Mean+SD (Range), °: n (%), < Mean+SD, *:p<0.05
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Table 3: Clinical and laboratory findings associated with anti-C1q antibody at the time of the study

n (%) n (%) [¢) Odds ratio (CI)
LN history? 14 (53.8) 58 (46.7) 0.512 1.328 (0.5-3.1)
Proteinuria® 4 (15.3) 12 (9.6) 0.482 1.697 (0.5-5.7)
Haematuria® 5(19.2) 9(7.2) 0.069 3.042 (0.9-9.9)
Leukopoenia® 6 (23) 18 (14.5) 0.375 1.767 (0.6-4.9)
Lymphocytopenia? 8(30.7) 27 (21.7) 0.324 1.597 (0.6-4.1)
Thrombocytopenia® 4 (153) 2(1.6) 0.009* 11.09 (1.9-64.2)
Anti-Sm (+)° 7 (26.9) 7 (5.6) 0.003* 6.158 (1.9-19.5)
Coombs’ test (+)? 9 (34.6) 16 (12.9) 0.007* 3.574 (1.4-9.4)
Anti-dsDNA (+)? 11 (42.3) 25 (20.1) 0.016* 2.904 (1.2-7.1)
Low C3? 8(30.7) 22 (17.7) 0.131 2.061 (0.8-5.3)
Low C4? 13 (50) 30 (24.1) 0.017* 0.176 (0.0-1.4)

Mean*SD Mean*SD

Proteinuria (mg/day)? 603.15+1014.83 2.9477+774.46 0.047*
Haematuria (RBC/HPF)¢ 4.31+8.21 2.23x4.11 0.484
WBC (1000/uL)4 6081.54+3203.58 6666.08+2939.90 0.210
Lymphocytes (1000/uL)¢ 1659.38+1126.85 1702.67+881.41 0.384
Platelets (1000/uL)e 235984.6+107637.15 241118.9+£79325.19 0.779
Anti-dsDNA (IU/ml)¢ 230.08+322.79 77.32+216.33 0.014*
C3 (mg/dl)¢ 87.95+£36.26 108.86+27.60 0.009*
C4 (mg/dl)? 26+13.57 22.09+£16.06 0.001*

2 Chi-square test, °: Fischer exact test, ©: t-test, ¢ Mann-Whitney U test is used for analysis, *:p<0.05, Cl: Confidence interval

Anti-C1q antibodies and the general disease activity
We examined the effect of anti-C1q antibodies on the
disease activity. Patients who had anti-C1q antibodies
exhibited higher SLEDAI scores (p=0.009). Subsequent-
ly, we stratified SLEDAI scores based on mild or moder-
ate-severe disease activity (SLEDAI> 9). Patients who had
anti-C1q antibodies demonstrated more active disease
(p=0.004), and those with active disease displayed higher
anti-C1q antibody titres (p=0.001) (Figure 2).

Moreover, multivariate logistic regression analysis high-
lighted the statistical significance of anti-C1q (p=0.036)
and anti-dsDNA antibody (p=0.002) effects on SLEDAI
severity scores. Patients who had anti-Cl1qg antibodies
had 4.5 times and those who had anti-dsDNA antibodies
had 13 times active disease.

Anti-C1q antibodies and renal disease activity
Patients with LN had more disease activity (SLEDAI> 9)
than patients without LN (p=0.003 for prevalence and
p=0.002 for SLEDAI scores) (Figure 3).

Initially, we conducted separate analyses for patients with
and without LN to identify any differences in character-
istics or antibody profiles between the two groups. LN
patients with active disease had greater anti-C1q and an-
ti-dsDNA antibody titres than patients with inactive LN
(p=0.010, p<0.001, respectively).

Among patients without LN, anti-C1q antibody titres
were similar between patients regardless of activity sta-
tus. However, active patients had greater anti-dsDNA an-

tibody titres (p=0.001) and significant hypocomplemen-
temia (p=0.019 for C3, p=0.044 for C4) (Table 4).

Subsequently, we categorised patients based on LN
history and activity into four groups and analysed them
using Bonferroni analysis. Patients who had active LN ex-
hibited higher anti-C1qg and anti-dsDNA antibody titres
compared to patients with inactive LN and those with
no LN history (p=0.013, p<0.001, respectively). In addi-
tion, they had lower C3 levels compared with both inac-
tive patients regardless of LN status (p=0.002), and their
C4 levels were lower than those of inactive LN patients
(p=0.004) (Table 5).

In multivariate logistic regression analysis, we were not
able to prove any effect of anti-C1q, anti-dsDNA, C3, and
C4 on LN history.

DISCUSSION

LN still significantly impacts morbidity and survival in pa-
tients with SLE (20). It is imperative to identify markers
for LN to forecast renal involvement, reflect clinical and
pathological disease activity, monitor relapse, and guide
therapeutic options (21). In SLE, organ damage results
from the interplay of autoantibody production, immune
complex deposition, and immune tolerance dysfunction
affecting multiple organs (22). The complement system
is crucial for clearing immune complexes and autoanti-
gens produced during cell apoptosis, thereby protecting
against autoimmune-mediated tissue and organ damage
(23). Antibodies to C1q are among the extensively stud-
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Figure 1: Correlations between anti-C1qg antibody titres and A. systemic lupus erythematosus disease activity index
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Figure 2: Anti-C1q prevalence in relation to systemic
lupus erythematosus disease activity index (SLEDAI)
severity. Bars indicate numbers of patients with and
without anti-C1q antibody. SLEDAI severity scores; none:
0-3 points, mild: 4-8 points, moderate: 9-12 points, severe
>12 points. Patients with anti-C1q antibody had more
active disease (p=0.004).
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Figure 3: Lupus history in relation to systemic lupus
erythematosus disease activity index (SLEDAI) severity.
Bars indicate the number of patients with lupus nephritis
(LN), and those without LN history (Non-LN). SLEDAI
severity scores; none: 0-3 points, mild: 4-8 points,
moderate: 9-12 points, severe >12 points. Patients with
renal disease history had more active disease (p=0.003).

ied serological markers in SLE, representing a key focus
in understanding these mechanisms (14, 15).

Ethnicity plays a significant role in the clinical
manifestations, disease activity, organ damage, and
treatment response observed in LN (24). To address

these complexities, we conducted a single-centre, cross-

sectional study investigating the presence of anti-Clq
antibodies in Turkish patients with LN. To our knowledge,
this research represents the first examination of anti-C1q
antibodies in this population. Examining 150 SLE patients
and 150 DC and HC subjects in total, we proved a link
between anti-C1q antibodies and both the diagnosis and
global disease activity of SLE. The single-centre nature
of our study enabled a uniform analysis of patient data
and laboratory findings. However, the prevalence of this
antibody in our study (17%) was less than that reported
previously, in the range of 29-60% (25).

Studies have shown that anti-C1qg antibodies vanish fol-
lowing immunosuppressive treatment, becoming unde-
tectable by the third month and remaining undetectable
during the first year of follow-up (26). Given that most of
our patients had been diagnosed and treated earlier and
were in remission (average disease duration of 74.3+51.4
months, with only 7% of patients having active disease),
this could explain the lower prevalence in our study.

Comparing results from different studies is challenging
because of the lack of a uniform assay for anti-C1q anti-
body ELISA. Assays vary in terms of assay conditions and
the antigen used. In our study, we used native human C1q
as the antigen. A study by Jaekel et al. reported that the
specificity of this assay for SLE was 89% and that for LN
was 84%, but the sensitivity for SLE was 34% and that for
LN was 64% (27). The high specificity but low sensitivity of
our assay could also contribute to the lower prevalence
of this antibody observed in our study.

In this study, patients who had anti-C1q antibodies more
commonly had thrombocytopenia. Various studies have
investigated the link between anti-C1qg antibodies and
haematologic findings. For example, a previous study
reported an association between leukopoenia and this
antibody (13). Armstrong et al. also emphasised the im-
portance of anti-C1q antibodies in LN and the haemato-
logical findings of SLE (28). However, another study found
no difference in findings (29). The clinical importance of
thrombocytopenia in our study requires further verifica-
tion.

Anti-C1q antibodies were correlated with anti-dsDNA,
C3 and C4 levels, and SLEDAI, confirming its function as
avaluable indicator of disease activity, as previously men-
tioned (11, 25). Patients with anti-C1q antibodies exhibit-
ed more active disease. In multivariate logistic regression
analysis, these patients also had 4.5 times higher odds
of having active disease, whereas those with anti-dsDNA
antibodies had 13 times higher odds.

In our study, we observed a relationship between anti-Cl1qg
antibodies and proteinuria, haematuria, and active LN, but
not with inactive LN. Although the prevalence of anti-C1q
antibodies was not influenced by the history of LN, there
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Table 4: Comparison of anti-C1q, anti-dsDNA antibody, C3, C4 titres according to disease activity in patients with
and without lupus nephritis (LN) separately

Active LN Inactive LN Active non-LN Inactive non-LN
(n=8) (n=64) (n=3) (n=75) P
Anti-C1q 36.27+40.19 7.37+14.45 0.010* 13.40+9.96 6.14+9.61 0.096
Anti-dsDNA 421.13+398.43 43.42+134.71 <0.001* 861.33+513.46 91.17+£211.44 0.001*
C3 74.61+47 .48 107.13+25.81 0.096 67.07+53.04 108.42+28.42 0.019*
C4 15.11+1482 22.40+16.27 0.065 7.30+£10.40 20.21+14.53 0.044*

1 Only C3 is analysed with t-test, all other variables were analysed with Mann-Whitney U test, *:p<0.05

Table 5: Comparison of anti-C1q, anti-dsDNA antibody, C3, C4 titres according to disease activity and lupus
nepbhritis (LN) history in four different groups separately

Active LN Inactive LN Active non-LN  Inactive non-LN Bonferroni
(n=8)(1) (n=64) (2) (n=3) (3) (n=75) (4) P
Anti-C1q (U/ml) 36.27+40.19 7.37+14.45 13.40+£9.96 6.14+9.61 0.013* 2<1, 4<1
Anti-dsDNA (IU/ml)  421.13+398.43 43.42+134.71 861.33+513.46 91.17+211.44 <0.001*  2<1, 2<3,
4<1,4<3
C3 (mg/dl)e 74.61+47.48 107.13+25.81 67.07+53.04 108.42+28.42 0.002* 1<2,1<4
C4 (mg/dl) 15.11+£1482 22.40+16.27 7.30+10.40 20.21+£14.53 0.004* 1<2,3<2

2: Only C3 is analysed with ANOVA, all the other variables were analysed with Kruskal-Wallis test. Bonferroni analysis was performed,

*p<0.05.

was an association with the level of proteinuria, in line with
the findings of a previous investigation by Petri et al (7).
We also observed positive correlations between anti-Clqg
antibodies and proteinuria and haematuria.

When compared separately, patients who had active LN
had higher titres of anti-C1qg in comparison to patients
with inactive LN and inactive non-LN. Marto et al. re-
ported similar findings in their study: the frequency of
anti-C1q antibodies was not different in patients with LN
based on disease activity, but active patients had higher
antibody titres (30). We were not able to show any effect
of anti-C1q, anti-dsDNA, C3, and C4 in multivariate lo-
gistic regression for LN history. Our patients were more
likely to represent rheumatology outpatient clinics. Most
of the studies showing a relationship between anti-Clqg
antibodies and LN were from nephrology departments
with more patients with active renal disease. As in previ-
ous studies, our results suggest that anti-C1q antibodies
are related to general disease activity but not specifically
to LN (29, 30).

In the meta-analysis by Eggleton et al., 31 studies were
analysed to detect the accuracy of the anti-C1q antibody
among patients with SLE. The authors concluded that,
for distinguishing between those with and without a his-
tory of LN and the activity of patients with LN, the choice
of anti-C1q antibodies as a singular diagnostic marker
was not found to be useful. Post-test probabilities after a
positive test were generally too low, and after a negative
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test, they were generally too high to be certain about the
condition (15). Our findings are similar to these results.

In a recent systematic review on prognostic factors in LN
and an overview of systematic reviews on the diagnostic
accuracy of LN biomarkers, both sets of authors conclud-
ed that definitive biomarkers for these purposes were still
lacking and further studies were needed (31, 32).

The limitations of our study include the limited number of
patients with LN and the lack of repeated measures or in-
formation on disease flares because of its cross-sectional
nature. In addition, being a single-centre study, the find-
ings may not be representative of the general population
of Turkish SLE patients, which could limit the generalizabil-
ity of our results. Future studies could benefit from enroll-
ing more patients with active disease, measuring anti-C1q
titres before and after treatment, and obtaining repeated
measures over time to better understand anti-C1g’s role in
diagnosing and monitoring patients with SLE.

CONCLUSION

In summary, anti-C1q antibodies are linked to SLE and
overall disease activity, including active LN. Although we
did not find an association with renal disease history, pro-
teinuria was significant, and patients with active disease
exhibited higher antibody titres.
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ABSTRACT

Objective: This study evaluated the effectiveness of various
large language models (LLMs) in simplifying Turkish Computed
Tomography (CT) reports, a common imaging modality.

Material and Method: Using fictional CT findings, we followed
the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) and the Declaration of Helsinki. Fifty fictional Turkish CT
findings were generated. Four LLMs (ChatGPT 4, ChatGPT-3.5,
Gemini 1.5 Pro, and Claude 3 Opus) simplified reports using the
prompt: "Please explain them in a way that someone without
a medical background can understand in Turkish.” Evaluations
were based on the Atesman’s Readability Index and Likert scale
for accuracy and readability.

Results: Claude 3 Opus scored the highest in readability
(58.9), followed by ChatGPT-3.5 (54.5), Gemini 1.5 Pro (53.7),
and ChatGPT 4 (45.1). Likert scores for Claude 3 Opus (mean:
4.7) and ChatGPT 4 (mean: 4.5) showed no significant differ-
ence (p>0.05). ChatGPT 4 had the highest word count (96.98)
compared to Claude 3 Opus (90.6), Gemini 1.5 Pro (74.4), and
ChatGPT-3.5 (38.7) (p<0.001).

Conclusion: This study shows that LLMs can simplify Turkish CT
reports at a level that individuals without medical knowledge
can understand and with high readability and accuracy. ChatGPT
4 and Claude 3 Opus produced the most comprehensible sim-
plifications. Claude 3 Opus’ simpler sentences may make it the
optimal choice for simplifying Turkish CT reports.

Keywords: Large language model, radiology reports, readability,
computed tomography, Turkish, simplifying

OZET

Amag: Bu calismada, yaygin bir gériintileme yontemi olan Tuirk-
ce bilgisayarli tomografi (BT) raporlarinin sadelestirilmesinde
cesitli blylk dil modellerinin (BDM) etkinligi degerlendirilmistir.

Gere¢ ve Ydntem: Kurgusal BT bulgulan kullanilarak, Tanisal
Dogruluk Calismalar Raporlama Standartlar (STARD) ve Hel-
sinki Bildirgesi'ne uyulmustur. Elli kurgusal Tirkge BT bulgusu
olusturuldu. Dért LLM (ChatGPT 4, ChatGPT-3.5, Gemini 1.5
Pro ve Claude 3 Opus) istemini kullanarak raporlar sadelestirdi:
"Please explain them in a way that someone without a medical
background can understand in Turkish". Okunabilirlik degerlen-
dirmesi Atesman Okunabilirlik Endeksi, dogruluk derecesi Likert
Slcegine gore yapilmistir.

Bulgular: Claude 3 Opus okunabilirlik agisindan en yiiksek puani
alirken (58,9), onu ChatGPT-3.5 (54,5), Gemini 1.5 Pro (53,7) ve
ChatGPT 4 (45,1) izledi. Claude 3 Opus (ortalama: 4,7) ve Chat-
GPT 4 (ortalama: 4,5) icin Likert skorlar anlamli bir farklilik yoktu
(p>0,05). ChatGPT 4, Claude 3 Opus (90,6), Gemini 1.5 Pro (74,4)
ve ChatGPT-3.5 (38,7) ile karsilastinldiginda en ylUksek kelime sa-
yisina (96,98) sahipti (p<0,001).

Sonug: Bu calisma, BDM'lerin Turkge BT raporlarini tip bilgisi ol-
mayan bireylerin anlayabilecegi diizeyde ve yiksek okunabilirlik
ve dogrulukla sadelestirebildigini géstermektedir. ChatGPT 4 ve
Claude 3 Opus en dogru sadelestirmeleri yapmaktadir. ChatGPT
4'Gn daha basit ciimleleri, onu Turkce BT raporlari icin tercih edi-
len secenek haline getirebilir.

Anahtar Kelimeler: Biyik dil modelleri, radyoloji raporlari,
okunabilirlik, bilgisayarli tomografi, Tirkge, sadelestirme
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INTRODUCTION

Large language models (LLMs) have received consider-
able global attention, with numerous studies conducted
worldwide. This is due to the sophisticated human-like
communication and reasoning capabilities of these mod-
els (1, 2). As in many other matters, the performance of
LLMs in radiological assessments, their familiarity with ra-
diological guidelines, and their role in aiding differential
diagnosis and occasionally making final decisions have
recently attracted significant attention within the radiol-
ogy community (3, 4).

Radiology reports, which provide a summary of radiol-
ogists’ considerations and insights derived from im-
aging studies, are important in guiding diagnosis and
treatment. They play a pivotal role in clinical practise,
facilitating communication between healthcare provid-
ers and between patients and physicians. The capaci-
ty of LLMs to summarise, identify the principal ideas in
texts, and interpret them has prompted an increasing
interest in their potential to facilitate the simplification
of radiology reports (5-8). This application would enable
LLMs to enhance patients’ understanding of radiology
reports, alleviate their anxiety, and improve communica-
tion among healthcare providers and between patients
and physicians.

This study compared how effectively different LLMs sim-
plify Turkish CT reports, an imaging modality frequently
obtained in clinical practise.

MATERIAL AND METHODS

The study included only fictional CT findings, excluding
actual radiology reports, thereby negating the need for
ethical board approval. The study design adhered to the
Standards for Reporting of Diagnostic Accuracy Studies
(STARD) and the principles outlined in the Declaration of
Helsinki (9).

The authors collaboratively generated 50 fictional CT
findings in Turkish used in radiology reports. Efforts were
made to ensure that these findings were representative
of common scenarios in daily practise and depicted real-
istically (Supplementary material 1) (Table 1).

The study employed various LLMs, including ChatGPT 4,
ChatGPT-3.5, Gemini 1.5 Pro, and Claude 3 Opus. The
fictional findings were input into each LLM via their re-
spective websites using the prompt, “I will write the find-
ings from the CT report below. Please explain them in
a way that someone without a medical background can
understand” in Turkish (Figure 1a, 1b). Each finding was
processed in a new window, as shown in Figure 1, with
the default settings applied for each model. The study
was conducted between April 15 and April 19, 2024.

The responses from the LLMs were evaluated using the
Atesman’s Readability Index [198,825-(40,175xnumber
of syllables/number of words)-(2,610xnumber of words/
number of sentences)] to determine the readability lev-
els (Table 2) (10). This analysis was performed using the
publicly accessible and free website "www.readabilityin-
dex.com.” The three authors collectively evaluated the
responses on a five-point Likert scale, with one represent-
ing the least favourable and five representing the most
favourable, in terms of medical accuracy, consistency of
recommendations, and comprehensibility. Additionally,
the word count for each response was documented. The
study’s workflow is illustrated in Figure 2.

For the statistical analyses, we used SPSS ver26 (IBM
Corp, Armonk, NY, USA). Data distribution was assessed
using the Kolmogorov-Smirnov and Shapiro-Wilk tests,
while the Levene test was used to evaluate data variance.
Descriptive statistics included the minimum, maximum,
average, median, standard deviation, interquartile range,
and percentages. To identify significant relationships
between the guantitative data independent groups, we
employed the Friedman and Wilcoxon tests. Spearman
correlation analysis was used to examine the linearity of
the correlations between the quantitative data.

RESULTS

There was no statistically significant difference between
the Likert scores of Claude 3 Opus (mean: 4.7; median: 5.0)
and ChatGPT 4 (mean: 4.5; median: 5.0) (p>0.05). How-
ever, Claude 3 Opus’s Likert scores differed significantly
from those of Gemini 1.5 Pro (mean: 4.3; median: 4.0) and
ChatGPT-3.,5 (mean: 2.8; median: 3.0) (p<0.001). While
there was no statistically significant difference between
the average Likert scores of ChatGPT 4 and Gemini 1.5 Pro
(p=0.025; Bonferroni-adjusted p-value=0.0125), a significant
difference was observed between the scores of ChatGPT
4 and ChatGPT-3.5 (mean: 2.8; median: 3.0) (p<0.001). The
average Likert score for ChatGPT-3.5 was significantly lower
than that of all other large language models (p<0.001).

According to Atesman’s readability index and readabili-
ty levels, Claude 3 Opus had the highest average value
at 58.9, followed by ChatGPT-3.5 (54.5), Gemini 1.5 Pro
(53.7), and ChatGPT 4 (45.1). Although there was a sig-
nificant difference in readability between Claude 3 Opus
and ChatGPT 4 (p<0.05), there wasn't significant differ-
ence observed with other LLMs (p>0.05). The descriptive
findings of the study are shown in Table 3.

A statistically significant difference was found in the num-
ber of words used by ChatGPT 4 (mean: 96.98) compared
to Claude 3 Opus (mean: 90.6), Gemini 1.5 Pro (mean:
74.4), and ChatGPT-3.5 (mean: 38.7) (p<0.001). Although
there was no significant difference in the word count be-
tween ChatGPT 4 and Claude 3 Opus, the average word
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Table 1: A portion of the findings used as fictional Turkish and English CT findings are shown*.

1.

Solfrontalde en kalin yerinde 2 mm &l¢llen subaraknoid kanama izlendi (A subarachnoid haemorrhage, measuring
2 mm at its thickest point, was observed in the left frontal region)

2. Solfrontal lob komsulugunda en kalin yerinde 20 mm &lcilen epidural kanama izlendi (An epidural haemorrhage,
measuring 20 mm at its thickest point, was observed adjacent to the left frontal lobe)

3. Solfrontal lob komsulugunda en kalin yerinde 30 mm &lcilen subdural kanama izlendi (A subdural haemorrhage,
measuring 30 mm at its thickest point, was observed adjacent to the left frontal lobe)

4. Her iki frontal lobda atrofiye ikincil hemisferik kortikal sulkuslarda belirginlesme derinlesme izlendi (Enlargement
and deepening of the hemispheric cortical sulci, secondary to atrophy, were observed in both frontal lobes)

5. Sag temporal kemikte transvers fraktlr izlendi (Transverse fracture was observed at the right temporal bone)

6. Sol plevral aralikta en kalin yerinde 20 mm &lcilen plevral efflizyon izlendi (Pleural effusion, measuring 20 mm at
its thickest point, was observed in the left pleural space)

7. Sag akciger alt lobda konsolidasyon tarzinda infiltrasyon izlendi (Consolidation-infiltration was observed in the
lower lobe of the right lung)

8. Her iki akciger apekste sekel fibrotik degisiklikler izlendi (Sequelae fibrotic changes were observed at the apices
of both lungs)

9. Sol akciger lingller segmentte atelektatik degisiklikler izlendi (Atelectatic changes were observed in the lingular
segment of the left lung)

10. Perikardial aralikta en kalin yerinde 11 mm &l¢llen perikardial effiizyon izlendi (Pericardial effusion, measuring 11
mm at its thickest point, was observed in the pericardial space)

11. Kardiyotorasik oran kalp lehine artmistir (The cardiothoracic ratio is increased in favour of the heart)

12. Pulmoner trunk 37 mm &l¢ilmus olup ektatiktir (The pulmonary trunk was measured at 37 mm, indicating ectasia)

13. Sol akciger alt lobda 7 mm ¢apinda solid nodil izlendi (A solid nodule, measuring 7 mm in diameter, was observed
in the lower lobe of the left lung)

14. Sol akciger alt lobda 7 mm capinda semi-solid noddl izlendi (A semi-solid nodule, measuring 7 mm in diameter,
was observed in the lower lobe of the left lung)

15. Gogus on-arka capi belirgin artmistir (The anteroposterior diameter of the chest is markedly increased)

16. Tiroid gland boyutlari belirgin artmis olup trakea sola itilmistir (The dimensions of the thyroid gland are significantly
increased, with the trachea displaced to the left)

17. Karaciger parankiminde steatoza ikincil diffiiz dansite azalmasi izlendi (Diffuse decrease in parenchymal density,
secondary to steatosis, was observed in the liver)

18. Karacigerde 10mm c¢apinda hemanjiyom ile uyumlu periferik nodiler kontrastlanana hipodens lezyon izlendi
(A hypodense lesion, measuring 10 mm in diameter and consistent with a hemangioma, exhibiting peripheral
nodular enhancement, was observed in the liver)

19. Karacigerde 15mm c¢apinda kontrastlanmayan oncelikle basit kist lehine distndlen hipodens lezyon izlendi (A
hypodense lesion, measuring 15 mm in diameter and not enhancing with contrast, was observed in the liver,
favouring a diagnosis of a simple cyst)

20. Safra kesesi fundus dizeyinde fokal duvar kalinlik artigi izlendi (Focal wall thickening was observed at the fundus

of the gallbladder)

*:Since the findings in the study are given to LLMs in Turkish, the findings are presented both in Turkish and in brackets in English.

count for ChatGPT 4 and Claude 3 Opus was statistically
higher than that of all other language models (p<0.001).
Additionally, the word count for Gemini 1.5 Pro was sta-
tistically higher than that for ChatGPT-3.5 (p<0.001).

A linear correlation was observed between the number of
words in the fictional CT findings and those generated by
Gemini 1.5 Pro (correlation coefficient=0.756, p<0.000)
and ChatGPT 4 (correlation coefficient=0.523, p<0.000).
In contrast, no linear correlation was detected for Claude
3 Opus (p=0.367) and Perplexity (p=0.552). Additionally,
a linear correlation was identified between the readabil-
ity index of the fictional CT findings and the readability
indices of the responses from Claude 3 Opus (correlation
coefficient=0.508, p<0.000), ChatGPT 3,5 (correlation co-
efficient=0.387, p=0.005), and Gemini 1.5 Pro (correlation

coefficient=0.331, p=0.042). However, no correlation was
found between the readability index of the fictional CT
findings and that of ChatGPT 4 (p=0.387).

DISCUSSION

The main result of our study is that LLMs can simplify
CT reports with high readability and accuracy. The Likert
scale evaluations by all three radiologists indicated a
consensus that LLMs can accurately simplify CT reports
in a medically sound manner. Similarly, previous studies
have noted that LLMs are highly effective in simplifying
and explaining radiology reports (5, 6, 10, 11). Jeblick et
al. evaluated the quality of ChatGPT’s simplified English
radiology reports, including fictional reports, and found
them to be accurate and complete, based on medical
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You
Asagiya bilgisayarl tomografi raporunda gegen bir cimleyi yazacagim. Bunu doktor olmayan birinin
anlayabilecegi sekilde agikla

® ChatGPT
Tabii ki, cimleyi paylagabilirsin.

You
Sag ureter distalinde 8mm ¢apinda tas izlendi.

5 ChatGPT
Bu ciimlede, bilgisayarli tomografi raporunda gegen tibbi terimler su anlama geliyor:

* Sag iireter: idrar bébreklerden mesaneye tasiyan iki tiipten sag tarafta olani.
* Distal: Viicudun merkezine gére daha uzak olan kisim. Burada lreterin alt kismi kastediliyor.

+ 8mm capinda tas: Ureterde 8 milimetre genisliginde bir tag bulundugunu ifade eder.

Anlami: Sag taraftaki idrar kanalinin alt kisminda 8 milimetre biyiklGginde bir tag gorilmastir. Bu tas,

idrarin bébreklerden mesaneye akigini engell« |, ilir veya agriya neden olabilir.

®»OoOe

0

I will write the findings from the CT report below. Please explain them
in a way that someone without a medical background can understand.

Of course! Just provide the findings from the CT report, and I'l help explain them in an easy-to-

understand way.

A stone with a diameter of 8mm was observed in the right distal
ureter.

This finding means that there is a small, solid object, about 8 millimeters across (which is roughly the
size of a small pea), located in the lower part of the tube (ureter) that carries urine from the kidney to
the bladder on the right side of the body. This object is likely a kidney stone, which can cause pain
and block the flow of urine.

» 3

Figure 1: a) Describes the Turkish input and output process
in the study through ChatGPT 4. The figure shows the Turk-
ish version of the prompt mentioned in the methodology
and the fictional finding as input. b) Describes the English
input and output process in the study through ChatGPT 4.
The figure shows the English version of the prompt men-
tioned in the methodology and the fictional finding as input.
Explanation: Since the findings of the study are given to
LLMs in Turkish, the findings are presented in Turkish in
Figure 1a and in English in Figure 1b.

facts, suggesting that ChatGPT can achieve this simplifi-
cation without causing any harm to patients (10).

We used Atesman'’s readability index to assess how eas-
ily the simplified CT reports, produced by LLMs in Turk-
ish, could be read (12). It measures Turkish text read-
ability based on average syllables per word and words
per sentence, with scores ranging from 1 to 100; higher
scores indicate easier reading. Atesman stressed that
a text's effectiveness relies on both its readability and
comprehensibility. While readability is quantitatively
evaluated, comprehensibility is qualitatively assessed

Claude 3 Opus
ChatGPT 4
ChatGPT 3.5
Gemini 1.5 Pro
Asagiya bilgisayarli tomografi
raporunda gecen bir ciimleyi
Pro m pt yazacagim. Bunu doktor
olmayan birinin anlayabilecegi
sekilde acikla
Ficti I (I will write the findings from
Ictiona the CT report below. Please
CT explain them in a way that
Sentences someone without a medical
background can understand)
Simplified CT
reports by
LLMs

v LN

Readability Index
and Level

Likert Score Word Count

Figure 2: The study’s workflow.

The prompt in the study was given to LLMs in Turkish.
Thus, the prompt is presented both in Turkish and in
brackets in English.

Table 2: Atesman'’s Readability Index and its corresponding readability level

Index Readability level

90-100 Easily understood by 4t"grade and below students

80-89 Easily understood by 5" or 6" graders

70-79 Easily understood by 7t or 8" graders

60-69 Easily understood by 9" or 10t graders

50-59 Easily understood by 11* or 12t graders

40-49 Easily understood by 13" or 15"-year (associate degree) students
30-39 Easily understood by bachelor’s degree

<30 Easily understood by postgraduates
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Table 3: Descriptive findings of the study are shown.

Claude 3 Opus Gemini 1.5pro ChatGPT 4 ChatGPT 3.5
Likert Scores*
Minimum-Maximum 4.0-5.0 3.0-5.0 3.0-5.0 1.0-4.0
Mean=SD 47+0.4 4.32+0.6 4.52+0.5 2.78+0.6
Median (IQR) 5.0 (0) 4.0 (0) 5.0 (0) 3.0(1.0)
Atesman’s Readability Index
Minimum-Maximum 33.1-79.0 23.3-68.9 34.9-72.3 21.8-79.1
Mean=SD 58.9+5.23 53.7+5.67 451+£11.72 54.5+£9.99
Median (IQR) 53.4(13.2) 48.2 (10.9) 38.1(8.2) 38.3(7.1)
Readability Level
Minimum 7-8" class 9-10* class 7-8" class 7-8" class
Maximum Bachelor's degree Postgraduate Bachelor's degree  Postgraduate
Median 11-12% class 11-12% class 13-14* class 11-12% class
Word Count
Minimum-Maximum 71-136 34-143 47-149 8-71
Mean=SD 90.66+£16.77 74.42+27.26 96.98+28.39 38.74+15.9
Median (IQR) 85.0 (24.5) 69.0 (43.7) 97.5(34.5) 40.0 (30.0)

*Likert Scores: In our study, the accuracy of the explanations, consistency, and comprehensibility of the suggestions made by the big language
models were rated on a scale of 1 to 5. SD: Standard Deviation, IQR: Interquartile range.

based on the text’s content. We evaluated the readabil-
ity of the responses using the Ategman’s index and their
comprehensibility using a Likert scale. We acknowl-
edge that assessments by individuals without medical
backgrounds would offer more valuable insights into
comprehensibility. There was no significant difference
between ChatGPT 4 and Claude 3 Opus in terms of
Likert score, but the readability index of ChatGPT 4 was
lower than all other LLMs. Claude 3 Opus had both the
highest Likert score and the highest Atesman’s index
among all LLMs. This shows that Claude 3 Opus uses
more simple and understandable sentences to simplify
CT reports by providing sufficient and accurate infor-
mation. Claude 3 Opus adeptly simplifies Turkish CT
reports while employing straightforward sentence struc-
tures. Hence, Claude 3 Opus may represent the optimal
choice among LLMs for streamlining Turkish CT reports.

Johnson et al. simplified 750 randomly selected ano-
nymized radiology reports with three different prompts
(x-ray, ultrasound, magnetic resonance, and computed
tomography reports) using ChatGPT 3.5, ChatGPT 4, Mi-
crosoft Bing, and Google Bard (now known as Gemini).
The researchers reported that all LLMs produced more
readable reports than the original reports (13). They also
reported that the performance of each LLM was affect-
ed differently at different prompts. Although there is no
generally accepted prompt for report simplification, the
prompt given significantly influences LLM responses. Lyu
et al. examined 62 thorax CT and 76 brain MRI reports
(14). Each report had three simplified versions based on
different prompts: making the report easier to under-
stand, providing patient advice, and offering healthcare

professional recommendations. They also explored how
different prompts could create varied reports for pa-
tients with different education levels. Similarly, Schmidt
et al. used ChatGPT 3.5 to simplify knee MRI findings
of varying complexity (simple, moderate, and complex)
with five different prompts (11). They showed the effect
of prompts on simplifying radiology reports. In addition,
their findings revealed that simplified reports were more
comprehensible for patients, leading to improved pa-
tient understanding and overall satisfaction. Li et al. sim-
plified 100 radiology reports, including different imaging
modalities, using the prompt “Explain this radiology re-
port to a patient in layman’s terms: <Report Text>" and
showed that simplified reports were significantly more
readable and shorter (6). In order not to affect the Likert
scores and readability levels of each LLM, we were careful
not to include specific words that might affect the word
limit and readability level of our prompt. Further studies
will be instructive to show how the specific prompts giv-
en affect the readability level. In this way, the information
content and readability level of the simplified reports can
be adjusted by giving specific prompts according to the
socio-economic level of the patients.

Our study is the first to assess how LLMs can simplify Turk-
ish CT reports to understand people without a medical
background. However, it has some limitations. The main
limitation is that only radiologists scored simplified re-
ports. Practitioners from other departments and real pa-
tients did not participate in this study, so we lacked their
feedback on the simplified CT reports. Future research
should include patient feedback and compare standard
CT reports with those simplified by LLMs. This would
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provide important insights into how understandable and
useful the simplified reports are to patients. In addition,
we only used fictitious findings for a single condition, not
real CT reports. More complex reports that included all
relevant findings might produce different results. Finally,
we used only one prompt. Different prompts could pro-
duce better or worse results depending on the capabili-
ties of the model.

CONCLUSSION

In conclusion, our study shows that LLMs can effectively
simplify Turkish CT reports. Enabling patients to read and
understand CT reports may help them better grasp their
diagnosis and treatment, leading to improved compli-
ance. Simplified CT reports may also enhance communi-
cation between physicians.
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ABSTRACT

Objective: The subject of this study was to investigate the effect
of hyperbaric oxygen (HBO2) therapy on fasting blood glucose
levels and insulin resistance. The study investigated whether
HBO2 therapy is effective in reducing peripheral insulin resis-
tance in patients with and without Diabetes Mellitus (DM).

Material and Methods: The study included 27 patients with
and without DM who received hyperbaric oxygen therapy at a
pressure of 2.4 ATA for 120 min per session with 5 min breaks
in between three 25-minute O2 periods, one session per day,
five days a week, for 20 sessions. Patients were divided into two
groups: those without DM and those with DM. Fifteen patients
did not have DM while 12 patients had DM Type 2. Glucose,
C-Reactive protein (CRP), HbA1c, C-peptide, and Homeostasis
Model Assessment Insulin Resistance (HOMA-IR) values were
compared at the beginning and end of treatment.

Results: In repeated measurements, there was a statistically
significant decrease in the mean fasting blood glucose levels in
patients with DM. Patients without DM also showed a reduction in
the mean fasting blood glucose levels in repeated measurements,
but this decrease was not statistically significant. There was
a statistically significant decrease in the mean C-pep level in
repeated measurements in patients with DM and the mean insulin
level in repeated measurements in patients without DM. There was
a statistically significant decrease in the HOMA-IR values calculated
in repeated measurements in patients with and without DM.

OZET

Amag: Bu calismanin konusu hiperbarik oksijen (HBO2) tedavisi-
nin achk kan sekeri diizeyleri ve insilin direnci Gzerindeki etkisi-
dir. Calismanin amaci, HBO2 tedavisinin hem Diabetes Mellitus-
lu (DM) hem de DM olmayan hastalarda periferik insilin direncini
azaltmada etkili olup olmadigini aragtirmaktir.

Gere¢ ve Yontem: Diyabeti olan ve olmayan 27 hastaya hafta-
da bes glin, glinde bir seans, 2,4 ATA basincta, her biri aralarda
5 dakikalik hava molasi verilen tg 25 dakikalik oksijen periyodu
iceren 120 dakikalik 20 seans hiperbarik oksijen tedavisi uygu-
lanmistir. Hastalar DM olmayanlar ve DM olanlar olmak tzere iki
gruba ayrilmistir. Hastalarnin 15'i diyabeti olmayan, 12'si ise tip 2
DM'liydi. Tedavinin basinda ve sonunda glukoz, C-Reaktif prote-
in (CRP), HbA1c, C-peptid (C-pep) ve Model Assessment Insulin
Resistance (HOMA-IR) degerleri karsilagtinldi.

Bulgular:  Tekrarlanan &lcimlerde, diyabetli hastalarda
ortalama aclik kan sekeri seviyelerinde istatistiksel olarak
anlaml bir dists goérilmustir. DM olmayan hastalarda da
tekrarlanan dl¢limlerde ortalama aclik kan sekeri seviyelerinde
azalma gorildi, ancak bu azalma istatistiksel olarak anlamli
degildi. DM'li hastalarda tekrarlanan &lcimlerde ortalama
C-pep seviyesinde ve DM olmayan hastalarda tekrarlanan
Olclimlerde ortalama insilin seviyesinde istatistiksel olarak
anlamli bir dists olmustur. DM olan ve olmayan hastalarda
tekrarlanan dl¢imlerde hesaplanan HOMA-IR degerlerinde
istatistiksel olarak anlamli bir dists vard.
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Conclusion: In our study, insulin resistance decreased in pa-
tients receiving HBO2 therapy. The fact that this decrease was
also shown in patients without DM strengthens the idea that this
decrease is related to HBOZ2 therapy. Further research is needed
to gain a more comprehensive understanding of the therapeutic
potential of HBO2 therapy in managing insulin resistance.

Keywords: Blood sugar level, diabetes mellitus, hyperbaric
oxygen therapy, insulin resistance

Sonug: Calismamizda HBO2 tedavisi alan hastalarda insdlin di-
renci azalmistir. Bu azalmanin DM olmayan hastalarda da goste-
rilmis olmasi, bu azalmanin HBO2 tedavisi ile iligkili oldugu fikrini
glclendirmektedir. HBO2 tedavisinin insilin direncini yonetme-
deki terapdtik potansiyelinin daha kapsamli bir sekilde anlasil-
masi icin daha fazla arastirmaya ihtiyac vardir.

Anahtar Kelimeler: Kan sekeri, diyabet, hiperbarik oksijen
tedavisi, insulin direnci

INTRODUCTION

Hyperbaric Oxygen (HBO2) therapy is a medical treatment
that involves the intermittent inhalation of 100% O2 at a
pressure higher than that of the atmosphere in a closed
system (1). HBO2 therapy has been a preferred treatment
for decompression sickness and management of air
embolism. In addition, studies have shown the benefit
of HBO2 therapy in several medical conditions, including
non-healing wounds, radiotherapy-induced tissue
damage, and necrotising tissue infections (2-4).

Many studies have shown that HBO2 therapy causes hy-
poglycaemia in patients with Diabetes Mellitus (DM), and
a systematic review supported this view (5). Therefore,
all HBO2 therapy facilities have protocols to monitor the
plasma glucose levels of patients with DM and to pro-
vide an oral replacement for those with low levels. HBO2
therapy may increase insulin sensitivity and lead to hypo-
glycaemia in patients with DM. Although research in this
area is ongoing, there is insufficient evidence to suggest
that HBO2 therapy may affect insulin sensitivity in individ-
uals without DM.

Hypoxia has been associated with insulin resistance in
white adipose tissue and skeletal muscle (6, 7). In two
other studies of individuals with obesity, insulin resistance
seems to be associated with hypoxia, inflammation, and
oxidative stress in white adipose tissue, which are also
observed in the pathogenesis of type 2 DM (8 ,9). Con-
sidering HBO2 therapy’s potential to reduce inflamma-
tion and enhance antioxidant defence systems, it may
be beneficial in treating insulin resistance through these
mechanisms (10).

This study investigated whether peripheral insulin resis-
tance, proposed as a mechanism explaining the hypogly-
caemic effect of HBO2 treatment, is reduced in patients
with and without DM.

MATERIAL AND METHODS

This study was approved by the istanbul Faculty of
Medicine Clinical Research Ethics Committee (Date:
24.08.2012, No: 346). Patients with and without DM who
received 20 sessions of HBO2 therapy at a pressure of
2.4 ATA, each session lasting 120 minutes with 5-minute

air breaks in between three 25-minute O2 periods, one
session per day, and five days a week were included in
the study. Patients under 18 years of age, over 80 years of
age, receiving systemic steroid therapy, having a known
diagnosis of hyperthyroidism, acromegaly, Cushing’s syn-
drome, pheochromocytoma, or having undergone HBO?2
therapy in the six months prior were excluded from the
study. HBO2 therapy was administered in a multiplace
chamber (Hypertech® Zyron12, Turkey). This chamber
can accommodate up to 12 patients and one inside at-
tendant in the main chamber. The study was conducted
on patients undergoing HBOZ2 therapy for various con-
ditions. The patients were divided into two groups, with
and without DM, to evaluate the metabolic effects of
HBO2 therapy separately within each group rather than
to compare the two groups. All patients with DM had
type 2 diabetes and were on insulin treatment. During
the study, the insulin dose was adjusted for patients when
necessary. Patients who interrupted the treatment for two
days or more were excluded from the study. Informed
consent was obtained from all patients and their relatives
before participation in the study.

A standardised data recording form was created before
the study. In this form, demographic information about
the age, gender, height, and body weight of all patients
was recorded, and height and weight indices were cal-
culated. The results obtained from the laboratory mea-
surements of the study were also recorded on this form.
In our study, the C-Reactive protein (CRP) level was set as
an indicator of infection stress since it's an acute phase
reactant and was analysed (11).

Blood was collected from the antecubital vein of all pa-
tients who participated in the study after fasting for at least
8 h before starting HBO2 therapy (e.g., Fasting blood glu-
cose (FBG) 1, Insulin 1, etc.), after the tenth session (e.g.,
FBG 2, Insulin 2, etc.) and after the 20th session (e.g., FBG
3, Insulin 3, etc.). The Biochemistry Laboratory analysed
the following blood values within 1 h of collection;

e  Fasting blood glucose, insulin, HbAlc, and CRP lev-
els in patients without DM,

e Plasma glucose, C-peptide (C-pep), HbAlc, and
CRP levels in patients with DM.
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The Homeostatic Model assessment (HOMA) has become
a widely used and reliable clinical and epidemiological
tool (12, 13). Although the hyperinsulinaemic-euglycaemic
glucose clamp test is considered the gold standard for
measuring insulin resistance (IR), its clinical applicability
is limited because it is labour-intensive and costly (14,
15). HOMA-IR is calculated using plasma glucose and
insulin concentrations and is easy to perform, safe, less
invasive, and less expensive (16). Its results correlate
well with the euglycemic clamp test (17, 18). Because of
these strengths, we calculated and applied HOMA-IR to
estimate IR in our participants. HOMA version 2 software
developed by the Diabetes Research Unit of Oxford
University was used to calculate HOMA (19).

Statistical analysis

The measurements taken at baseline and after sessions 10
and 20, were analysed by comparing the repeated mea-
surements and their differences. The data obtained from
the study were transferred to the SPSS 22.0 (IBM SPSS
Corp., Armonk, NY, USA) statistical programme. Values
were obtained as mean and standard deviation. In com-
paring the groups within each other, Friedman’s test, which
allows non-parametric examination in matched groups in
repeated measurements, was used because of the limited
number of patients, regardless of the parametric values.
“Wilcoxon Test,” a non-parametric test method in paired
groups, was used to determine the differences between
the groups. The difference was considered statistically sig-
nificant if the p-value was less than 0.05.

RESULTS

The study initially involved 37 patients. However, five pa-
tients had to be excluded from the study because they
could not continue HBO2 therapy. In addition, two patients
could not comply with the treatment, one patient devel-
oped claustrophobia, one patient passed away during the
study, and one patient expressed a desire to leave the study.
Eventually, the study included 27 patients, out of which 15
were without DM and 12 were with DM. The diagnoses for
10 patients with DM were diabetic foot, while one patient
had chronic osteomyelitis and another had peripheral vas-
cular disease. Among the patients without DM, 5 had avas-
cular necrosis, 5 had chronic osteomyelitis, 3 had venous
ulcers, 1 had Buerger's disease, and 1 had radiation cystitis.
Of the patients without DM, 8 were inpatients and 7 were
outpatients; of the patients with DM, 10 were inpatients and
2 were outpatients. None of the patients participating in the
study had severe renal failure or cirrhosis.

Among the patients with DM, three were female and nine
were male. The mean age of patients without DM was
38.67+18.3 years, and the mean BMI was 26.8+4.84 kg/m?
the mean age of people with DM was 61.42+13 years, and
the mean BMI was 25.87+3.95 kg/m? The demographic data
of the patients included in the study are shown in Table 1.

Table 1: Demographic data of the participants

n % Mean

SD

Min-max

Patients
with DM

12

Age (year)
Gender
Male
Female
Height (cm)
Weight (kg)
BMI (kg/m?)

Normal

61.42

9 750
250

166

71.2

25.87
58

13.1

8.17
10.4
3.95

4479

157-177
53-88
22.0-33.7

Overweight- 5 42
obese

Patients 15
without DM

Age (year) 38.67 18.3
Gender
Male 10

Female

66.6

33.3
174 8.7
80.3 11.9
268 4.8

155-187
64-100
20.7-36.9

Height (cm)
Weight (kg)

BMI (kg/m?)
Normal 5 333

Overweight- 10  66.6

obese

DM: Diabetes Mellitus, BMI: Body mass index, Normal: BMI=18.5-
24.9, Overweight-obese: BMI: 225

The data obtained from multiple measurements are pre-
sented in Table 2. The table shows the results measured
before the HBO2 therapy session, after the 10th HBO2
therapy session, and after the 20th HBO2 therapy ses-
sion. The statistical significance levels of the data ob-
tained from the study groups’ repeated measurements
are presented in Table 3. The statistical significance levels
of the data obtained in each measurement step for the
study groups are presented in Table 4.

In the patients without DM, a decrease was found in mean
fasting blood glucose levels in repeated measurements.
However, this decrease was not statistically significant
(p=0.458). A statistically significant reduction was found
in mean fasting blood glucose repeated measurements in
patients with DM (p=0.002) (Table 3).

In patients without DM, a statistically significant decrease
was found in HOMA-IR values calculated in repeated
measurements (p=0.015) (Table 3). When the measure-
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Table 2: Means and standard deviations of patients’
measurements

Patients without Patients with

DM (n=15) DM (n=12)
Parameters Mean SD Mean SD
FBG 1 89.87 6.85 167.5 50.69
(mg/dL)
FBG 2 89.27 8.67 110.25 25.61
(mg/dL)
FBG 3 87.47 8.35 109.91 40.67
(mg/dL)
Insulin 1 11.65 7.17
(mlU/L)
Insulin 2 10.18 4.39
(mlU/L)
Insulin 3 8.94 3.91
(mIU/L)
C-pep 1 2.32 1.63
(ng/ml)
C-pep 2 1.71 1.34
(ng/ml)
C-pep 3 1.57 0.88
(ng/ml)
HOMA 1 1.5 0.88 2.02 1.37
HOMA 2 1.3 0.54 1.38 1.12
HOMA 3 1.14 0.53 1.21 0.61
CRP 1 19.46 26.94 64.44 77.39
(mg/dL)
CRP 2 15.04 25.98 8.59 6.59
(mg/dL)
CRP 3 20.43 39.07 10.04 11.46
(mg/dL)
HbA1c 1 5.44 0.31 8.67 1.52
(%)
HbA1c 3 5.3 0.32 7.31 1.03
(%)

FBG: Fasting blood glucose, (FBG1: first measurement, FBG2:
second measurement, etc.) C-pep: C-peptide, HOMA: The
Homeostasis Model assessment, CRP: C-reactive protein, DM:
Diabetes Mellitus. Note: Because the insulin level was measured
in only one patient in the diabetic group and the C-pep was not
measured in the non-diabetic group, neither data was compared.
1. 2 and 3 refers to pre-treatment, 10th session and 20th session
measurements respectively

ments were evaluated among themselves, no statistical-
ly significant difference was found between the first and
second measurement (p=0.145) and between the second
and third measurement (p=0.080), while the difference
between the first and third measurements was statistical-
ly significant (p=0.047) (Table 4).

A statistically significant decrease was found in HOMA-IR
values calculated in repeated measurements in patients
with DM (p=0.034) (Table 3). When the measurements
were evaluated among themselves, the decrease be-
tween the first and second measurement (p=0.041) and
between the first and third measurement (p=0.041) was
statistically significant, while the decrease between the
second and third measurement was not statistically sig-

Table 3: Statistical significance levels of comparision of
mean levels in repeated measurement

Patients without Patients with

DM (p) DM (p)
FBG 0.458 0.002
Insulin 0.007
C-pep 0.045
HOMA 0.015 0.034
CRP 0.282 0.002

FBG: Fasting blood glucose, C-pep: C-peptide, HOMA: The
Homeostasis Model assessment, CRP: C-reactive protein, DM:
Diabetes Mellitus.

Table 4: Statistical significance levels of comparision of
mean levels obtained in each measurement step

Patients without  Patients with

Measurement DM (p) DM (p)
FBG 1-2 0.700 0.004
FBG 2-3 0.216 0.722
FBG 1-3 0.248 0.003
INS 1-2 0.280 -
INS 2-3 0.047 -
INS 1-3 0.041 -
C-pep 1-2 - 0.033
C-pep 2-3 - 0.878
C-pep 1-3 - 0.063
HOMA 1-2 0.145 0.041
HOMA 2-3 0.080 0.593
HOMA 1-3 0.041 0.041
CRP 1-2 0.334 0.004
CRP 2-3 0.865 0.929
CRP 1-3 0.057 0.004
HbA1c 1-3 0.160 0.002

FBG: Fasting blood glucose, FBG1: first measurement, FBG2:
second measurement, etc. INS: insulin, C-pep: c-peptide, HOMA:
The Homeostasis Model assessment, CRP: C-reactive protein, DM:
diabetes mellitus. Note: Repeated measurements for each data
were compared in pairs: 1. 2 and 3 refers to pre-treatment, 10*
session and 20" session measurements respectively
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nificant (p=0.593) (Table 4).

When HOMA-IR changes were evaluated according to
the BMI of the participants, no significant difference was
found in the patients with DM (p=0.432) and those with-
out DM (p=0.254).

In patients without DM, a very slight decrease was found
in the mean HbA1c values before and after treatment.
However, this decrease was not statistically significant
(p=0.160). On contrary, a statistically significant decrease
was observed in the mean HbA1c values before and after
treatment in patients with DM (p=0.002) (Table 4).

During the study, one patient experienced sinus baro-
trauma, and two patients experienced middle ear baro-
trauma as a side effect of HBO2 therapy, which did not
suspended treatment.

DISCUSSION

In this study, we determined the effects of HBO2 ther-
apy on insulin resistance and plasma glucose levels in
patients with and without DM. Our findings revealed
that HBO2 therapy did not significantly affect the plasma
glucose levels of patients without DM. Patients without
DM have better glucose homeostasis to prevent drops
in blood glucose, so it is unclear whether HBO2 thera-
py has a blood glucose-lowering effect. Further studies
are needed to understand this. However, in patients with
DM, we observed a rapid decline in plasma glucose lev-
els within the first 10 sessions of HBO2 therapy, which re-
mained low until the final session. Several other studies
have also demonstrated a similar effect of HBO2 therapy
in lowering plasma glucose levels (20-23).

Wilkinson et al. showed that insulin resistance decreased
significantly with HBO2 therapy, but this decrease was in-
significant in people without DM (24). In studies conduct-
ed on subjects with obesity, both with and without DM, it
was shown that HBOZ2 therapy resulted in decreased in-
sulin resistance (25, 26). In two studies comparing HBO2
therapy with normobaric O2 and hyperbaric air (27, 28),
the HBO2 therapy groups showed a significant decrease
in insulin resistance, whereas no decrease was found in
the control groups. In our study, insulin levels measured
in patients without DM and C-pep levels measured in pa-
tients with DM decreased significantly during the study
period. HOMA-IR values calculated using these results
showed a significant decrease in both groups. In addition
to the decrease in patients without DM, no correlation
was found between being overweight and the decrease
in insulin resistance in both groups. This result shows
that HBO2 therapy may decrease insulin resistance in
non-overweight individuals. In patients without DM, HO-
MA-IR did not significantly decrease until after the 20th
HBO?2 therapy session, indicating that longer sessions
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may be necessary to observe the effect.

Our study found that patients with DM experienced a
more remarkable improvement in their metabolic param-
eters during the early phase of treatment. This is because
both metabolic disorders and infections were treated in
addition to the HBOZ2 therapy at this stage. Although
these patients had already recovered from their metabol-
ic disorders and infections, their insulin resistance tended
to decrease during the last 10 sessions. This continuous
decline indicates that HBO2 therapy may also contribute
to improving the condition in patients with DM.

Considering that insulin resistance is associated with
hypoxia, oxidative stress, and inflammation, it can be
hypothesised that HBO2 therapy decreases insulin resis-
tance by increasing the anti-hypoxic, anti-inflammatory,
and antioxidant defence systems (29-31). Research has
revealed that in patients with Polycystic Ovary Syndrome,
the activation of NF-xB and increased transcription of the
TNF-a gene is due to higher production of reactive oxy-
gen species. This, in turn, may lead to insulin resistance
(32). On the other hand, HBO2 therapy has been found to
inhibit the inflammatory response initiated by TNF-a and
NF-kxB signalling in patients suffering from hearing loss
(33). Many similar connections can be found in the exist-
ing literature. In addition, in a recently published study,
it was emphasised that the decrease in insulin resistance
with HBO2 therapy is probably due to decreased endo-
plasmic reticulum stress and increased mitochondrial
capacity and that HBO2 therapy probably leads to low-
dose reactive oxygen radical-mediated mitohormesis in
humans with type 2 DM (34).

During the first 10 sessions, it was observed that there
was a significant decrease in CRP levels in patients with
DM. This could be attributed to the fact that patients with
DM were diagnosed with an infection-related disease,
such as diabetic foot, and subsequently received antibi-
otic treatment. It is possible that controlling the infection
made it easier to regulate blood levels in patients with
DM. At this point, a decrease in CRP levels is expected
to affect glucose insulin resistance. In contrast, the pa-
tients without DM did not always suffer from an underly-
ing disease that would increase CRP. Although we cannot
definitively conclude that HBO2 therapy directly caused
the decrease in insulin resistance in patients with DM, this
study'’s strength lies in demonstrating the reduction in pa-
tients without DM.

In a study in which HbA1c levels decreased significantly
in patients without DM with HBO?2 therapy, no significant
decrease was found in both groups’ fasting blood glu-
cose and insulin levels (24). Our study found no signifi-
cant reduction in HbAlc levels in patients without DM
with HBO2 therapy. This may be because our study had
fewer HBO2 sessions compared with the study above.
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Our analysis showed that patients with and without DM
experienced a metabolic response after 10 sessions,
which was more pronounced in people with DM.

Our study included women, unlike other studies on
this subject (25, 26, 28, 32). The study suggests further
research on female-only populations and individuals
without DM with high insulin resistance to understand
the gender-specific effects of HBO2 therapy on insulin
resistance. Future research could focus on evaluating
the long-term effects of HBO2 therapy and comparing
its benefits with other treatment modalities, such as ex-
ercise or pharmacological approaches. Investigating the
impact of HBO2 therapy on metabolic pathways related
to insulin sensitivity could provide valuable information
on its underlying mechanisms. Additionally, exploring the
clinical applicability of HBO2 therapy in managing insulin
resistance, including its potential as an adjunctive thera-
py, could be beneficial.

However, our study had limitations, such as a shorter
follow-up period and fewer patients than desired; the
study was conducted within budget constraints, limit-
ing our ability to perform extensive laboratory analysis.
This limitation may have affected the scope and depth
of the data collected. The initial study design considered
only the minimum required laboratory tests and priori-
tised the collection of these types of data. As a result,
valuable insights that could have been provided by ad-
ditional laboratory tests such as haemograms, serum cre-
atinine/eGFR, and liver function tests might have been
missed. Although our study had a very short follow-up
period and a very small sample size to observe signifi-
cant changes in BMI, the reduction in BMI may have im-
proved insulin resistance in both groups. The limitations
of our study include the lack of follow-up on BMI. In the
patients with DM, both HOMA-IR and HbA1c levels im-
proved after HBOZ2. Besides the reduced inflammation/
infection during HBO2, it could be related to intensive
blood glucose monitoring, proper diabetic diet, addi-
tional oral antidiabetic or insulin treatments, antibiotics,
or other additional treatments (e.g., quinolones and be-
ta-blockers could cause hypoglycaemia) and reduced
appetite related to infective state during the hospitalisa-
tion/HBO2 therapy. In addition, decreased haemoglobin
levels during hospitalisation/HBO2 therapy due to re-
petitive blood samplings or surgical interventions could
cause false low levels of HbA1c. In patients without DM,
improved HOMA-IR may be linked to the treatment of
pre-existing conditions, hospitalisation, reduced appe-
tite, and weight loss due to critical conditions.

CONCLUSION

In conclusion, our study found that insulin resistance
decreased significantly in patients with and without DM
during HBO2 therapy. This suggests that HBO2 therapy
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may have an effect on managing insulin resistance in
various patient groups, but further research is needed to
gain a comprehensive understanding of its potential.
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ABSTRACT

Objective: To determine the effects of female age, body mass
index (BMI), hormonal profile, infertility duration and causes
on pregnancy outcomes in females undergoing intrauterine
insemination (IUI).

Material and Method: This retrospective study included 199 infertile
females who underwent IUl from 2015 to 2019 at Raja-Isteri-Pengi-
ran-Anak-Saleha Hospital, Brunei Darussalam. Age, BMI, hormonal
profile, duration of infertility, and causes of infertility associated with
pregnancy outcome during treatment were studied. Urine pregnan-
cy test confirmed the pregnancy post-IUL. The statistical analysis tests
for categorical variables were the Chi-Square test and Fisher's exact
test. One-way ANOVA was used to assess numerical variables. P-val-
ues <0.05 were deemed statistically significant.

Result: The mean age of the pregnant females was 32.8+4.9 years,
the mean BMI was 24.7 kg/m? and 12.5% of the participants had
normal weight, 5.5% were overweight, and 9% were obese. Overall,
18 females (9%) achieved successful outcomes. Despite the lack of
a significant relationship between BMI and pregnancy outcome,
83% of females with positive outcomes were obese. Furthermore,
72.2% of the females who were infertile for <6 years had conceived.
A decreasing trend of hormones was noticed with an increasing BMI
(p<0.05). Overall hormonal values did not significantly determine [UI
outcome (p>0.05).

Conclusion: Successful outcomes after IUl were observed in fe-
males with unexplained or female-caused infertility. Male infer-
tility did not influence the positive pregnancy outcome. Females
with an age range of 30-39 years, duration of infertility less than
six years, and BMI index of >25 kg/m? were able to conceive.

Keywords: Female infertility, clinical characteristics, intrauterine
insemination, pregnancy outcome

OzZET

Amag: Bu calismanin amaci, intrauterin inseminasyon (IUl) uygulanan
kadinlarda yas, viicut kitle indeksi (BMI), hormonal profil, kisirlik stiresi
ve nedenlerinin gebelik sonuglar Uzerine etkisinin aragtinimasidir.

Gere¢ ve Yéntem: Bu retrospektif calismaya, 2015-2019 yillan
arasinda Brunei Sultanhidi Raja-Isteri-Pengiran-Anak-Saleha Has-
tanesi'nde Ul uygulanan 199 infertil kadin dahil edildi. Yas, BMI,
hormonal profil, kisirlik stiresi ve nedenleri ile tedavinin hamilelik
sonucu ile iligkisi incelendi. 1Ul sonrasi gebelik, idrar gebelik testi
ile dogrulandi. Kategorik degiskenler icin istatistiksel analiz test-
leri Ki-Kare testi ve Fisher testi kullanildi. Sayisal degiskenler icin
tek yonli ANOVA testi uygulandi. P-dederleri <0,05 ise istatistik-
sel olarak anlamli kabul edildi.

Bulgular: Yas ortalamasi 32,8+4,9 ve ortalama BMI 24,7 kg/m?
olan calisma grubunda gebe kalanlar arasinda %12,5'i normal,
%5,5'i fazla kilolu ve %9'u obez idi. Tum grupta 18 kadinda (%9)
basarnl sonuglar elde edildi. BMI ile gebelik sonucu arasinda
anlamli bir iliski olmamasina ragmen, pozitif sonucu olan kadin-
larin %83'U obezdi. Ayrica, alti yildan dusUk infertilite stresi olan
kadinlarin %72,2'sinin gebe kaldigi gorildi. BMI arttikga hor-
monal degerlerde azalma egiliminin oldugu gozlendi (p<0,05).
Hormonal degerlerin timinin 1Ul sonucunun belirlenmesinde
anlamli olmadigi sonucuna varildi (p>0,05).

Sonug: infertilite nedeni agiklanamayan veya kadin kaynakli ol-
gularda Ul sonrasi basarili sonuglarin alindigi gézlendi. Erkek
infertilite faktérinin gebelik sonucunu etkilemedigi gosterildi.
Yaslan 30-39 araliginda, kisirlik stiresi alti yildan az ve BMI indeksi
>25 kg/m? olan kadinlarda gebelik elde edilebilmistir.

Anahtar Kelimeler: Kadin infertilitesi, klinik dzellikler, intrauterin
inseminasyon, gebelik sonucu
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INTRODUCTION

Infertility is the inability of couples of childbearing age to
conceive after 12 months of regular, unguarded sexual in-
teraction (1). This condition affects between 8% and 12%
of couples within that age (2). The risk has been further
increased by the addition of external factors, such as life-
style and the environment. Male factors of infertility alone
account for 20%-30% of cases; however, it can rise to 40%
in cases of mixed infertility (3). For this reason, assisted
reproductive techniques (ART) are available for treating
infertility when appropriate.

Intrauterine insemination (IUl) is a relatively low-cost,
effective, and least invasive assisted reproductive pro-
cedure that is often offered as a first-line treatment (4).
However, it is only recommended for unexplained in-
fertility, male sex, unilateral tubal obstruction, cervical
or ovulatory dysfunction, and mild or minimal endome-
triosis. Several Ul studies have reported a high global
pregnancy rate of a 30% chance of successful pregnancy
achieved via IUI, but this rate may vary depending on the
population studied (5).

Numerous previous studies have shown that maternal
age, body mass index (BMI), serum hormonal levels,
and the causes of infertility are factors that influence the
outcome of IUl treatment (4). The duration of infertility
is another factor that affects the success rate, although
there is no set limit. Additional treatments, such as con-
trolled ovarian hyperstimulation (COH), can substantial-
ly improve the success rate (6). The only noted risk factor
for ovulation induction medication is ovulation hyper-
stimulation syndrome (OHSS), in addition to multiple
pregnancies (7). Because fertility treatment involves the
emotions and time of patients considering the thera-
py, it is crucial to weigh the benefits of Ul above every
potential drawback, including the likelihood of success
and its impact on the patient’s mental health (8).

We hypothesised that increased female age and body
mass index, prolonged duration of infertility, and a de-
ranged hormonal profile negatively impact the success
rate of IUl. Therefore, the objective of our study was to
examine the effects of female age, body mass index, hor-
monal profile, infertility duration, and causes on pregnan-
cy outcomes of females undergoing IUI.

MATERIAL AND METHODS

Study design and study population

This cohort retrospective study was conducted in the
Raja Isteri Pengiran Anak Saleha (RIPAS) Hospital, Bru-
nei Darussalam; after the approval obtained from Joint
Research Ethics committee of the PAPRSB Institute of
Health Science (IHSREC), Universiti Brunei Darussalam,
and the Ministry of Health (MHREC) (Date: 09.12.2021,

No:UBD/PAPRSBIHSREC/2021/83). Data on women un-
dergoing Ul treatment from 2015 to 2019 were retrieved
from the clinical database of the Brunei Health Informa-
tion Management System (BruHIMS). Forty patients per
year were randomly selected and de-identified into indi-
vidual codes, resulting in 199 female patients.

Infertile female patients who were diagnosed with un-
explained infertility, endometriosis (stage | - Il), mild male
factor infertility, or semen allergy and underwent Ul were
included in the study.

Patients with (1) missing data, (2) increased female age
(over 50 years), (3) diagnosed with bilateral tubal obstruc-
tion, (4) severe endometriosis, (5) chronic infections, or
(6) receiving anti-tuberculous treatment for the last three
months were excluded from the study. Additionally, se-
vere male factor infertility (with a post-wash sperm count
of <1 million/mL) was excluded from the study.

Patients were grouped into three groups according to
age: 20-29 years old, 30-39 years old, and 40-49 years old.
BMI data were categorized into three groups with differ-
ent BMI ranges according to the South Asian Criteria for
BMI: normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/
m?), and obese (225.0 kg/m? (9).

Based on available records and with details of the du-
ration of infertility, females were categorised into two
groups; with a cut-off of six years and also into four
groups based on the infertility causes namely: unknown
causes, male factor, female factor, and both. Further-
more, hormonal levels were also sorted into low, nor-
mal, or high. The reference normal serum hormone
ranges were: follicular stimulating hormone (FSH): 3.5-
12.5 IU/L, luteinizing hormone (LH): 2.4-12.6 IU/L, and
progesterone (p): 5.02-75.9 nmol/L. Oestradiol (E2) was
not included because it was not routinely measured,
and sufficient data were not available for analysis.

Intrauterine insemination protocol

Ovulation induction:: All females were prepared for IUI
by administering ovulation induction medications; either
clomifene citrate (CC) (Y.S.P Industries (M) Sdn Bhd, Ma-
laysia) 50-150 mg or Gonal F (GF) (Merck Serono S.p. A,
ltaly) 75-150 mg, or a combination of both. This regimen
was started on the second day of the menstrual cycle for
five days for CC and 10 days for GF. Ultrasound evaluation
and relevancy blood tests were performed to monitor
follicular maturation as recommended by the physician.
Human chorionic gonadotrophin (HCG) (N.V. Organon,
The Netherlands; Jubilant HolisterStier LLC, USA) (5000
or 10000 1U) was administered 36 hours before Ul to aid
the release of mature eggs during ovulation.

Sperm sample processing: To increase the total motile
sperm yield, abtinance period of 3 days (72 hours) were
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applied to all male partners. The semen sample was then
subjected to several processes such as sperm separation,
washing, and centrifugation.

Insemination: The insemination procedure was generally
performed on the day of ovulation, either naturally or by
HCG induction (10).

Confirmation of pregnancy: A urinary pregnancy test
was performed by the females to assess the success of
the 1Ul procedure.

Statistical analysis

The data were organised in Microsoft Excel, and Rstudio
version 1.3.1093 was used for statistical analysis. Fisher's ex-
act test was used when >20% of the expected cell counts
were <5 and categorical variables were analysed using the
Chi-Square test. Quantitative data were compared by One-
way ANOVA, where p<0.05 reflected significance.

RESULTS

The infertile females had a mean age of 32.8+4.9 years,
with 62% between the ages of 30 and 39 years. Of the 199
female patients, 68.3% (n=136) had infertility for six years
or less. Unexplained infertility was the leading cause of
infertility (49.8%), followed by female causes (41.2%) and
male factors (8%) (Table 1).

Female age and BMI were not significantly different be-
tween |Ul-failed and successful patients (Table 2). Nine
percent (n=18) of females had successful outcomes after
the insemination. The results showed a non-significant
relationship between the success rate of IUl and age and
BMI (p=0.93 and p=0.78, respectively). However, out of
the 18 successful outcomes, 83% were obese women.

Stratification based on BMI showed that 17 patients who
had a successful Ul outcome were below the age of 40
years and only one patient above that age conceived
successfully, although both differences were not statisti-
cally significant.

Out of the total females, 8% (n=16) were normal, 9%
(n=18) were overweight, and 82.5% were obese (n=165),
where 12.5% of the normal (2 out of 16), 5.5% of the over-
weight (1 out of 18), and 9% of the obese (15 out of 165)
had successful IUl outcomes.

From 18 successful conceptions after IUl, 72.2% had a
duration of infertility of six years, whereas the remaining
27.7% were infertile for more than six years.

A trend of decrease in progesterone, FSH, and LH levels
and an increase in BMI (p<0.05) was observed (Table 3).
The overall hormonal levels did not significantly deter-
mine the outcome of IUl (p>0.05); hormone levels were
low in patients who experienced Ul failure.

Table 1: Demographics of infertile female patients
undergoing intrauterine insemination

Variables n (%) Mean (SD)
Age (years) 32.8(4.9)
20-29 54 271 27.0(1.8)
30-39 124 623  33.8(2.7)
40-49 21 106 41.8(2.2)
Ethnicity

Malay 186 935

Chinese 6 3.0

Philippine 2 1.0

Indian 5 25

BMI (kg/m?) 24.7 (1.9)
Normal (18.5-22.9) 16 8.0 20.5 (1.4)
Overweight (23.0-24.9) 18 9.0 24.2 (0.5)
Obese (>25.0) 165 83.0 29.2(3.8)
Duration of infertility (years)

<6 136 68.3 3.4(1.7)
>6 63 31.7 9.5(2.8)
Causes of infertility

Unknown 99 498

Male factor 16 8.0

Female factor 82 41.2

Both 2 1.0

SD: standard deviation, n: sample size, BMI: body mass index

DISCUSSION

The current study showed that females who had the max-
imum conception after Ul were between the ages of 30
and 39 years. Increasing age is a negative predictor of
successful [Ul (11, 12). Deterioration in ovarian reserve
with increased risk of aneuploidy in oocytes is evident with
advanced age. Studies have shown that women aged 40
years have a higher Ul success rate (3, 13, 14). Likewise,
Ashrafi et al. did not observe any relationship between age
40 years and [Ul outcomes (15). Nevertheless, our study ex-
hibits a higher success rate of [Ul in patients aged 40 years,
supporting the trend in prior studies (3).

Obesity is a crucial factor, particularly with more than 50%
Bruneian population being over the normal BMI range
and females making up 29.5% (9). High BMI is known to
be a potential risk factor for infertility because it induc-
es anovulation, increases endometrial thickness, causes
menstrual dysfunction, reduces the quality of oocytes,
impairs the fertilisation capacity and alters endometrial
receptivity. A common complication of obesity is anovu-
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Table 2: Distribution of variables stratified according to IUl outcome

1UI failure Ul success
Variables n P value
n Mean (SD) n Mean (SD)

Age (years)
20-29 54 49 27.0(01.7) 5 27.2 (2.5)
30-39 124 112 33.8(2.7) 12 33.0(2.9) 0.93°
40-49 21 20 41922 1 40.0 (-)
BMI (kg/m?)
Normal (18.5-22.9) 16 14 20.6 (1.5) 2 20.0 (0.8)
Overweight (23.0-24.9) 18 17 24.3(0.5) 1 23.4 () 0.78°
Obese (225.0) 165 150 29.2(4.7) 15 29.4 (5.8)
Duration of infertility (years)
<6 136 123 (1.5) 13 3.6(1.9)

0.73°
> 6 63 58 (2.7) 5 7.3(0.6)
Causes of infertility
Unknown 99 90 9
Male factor 16 16 0

0.57°
Female factor 82 73 9
Both 2 2 0

# Fisher's exact test, b: One-way ANOVA test, BMI: body mass index, IUl: intrauterine insemination

lation, which can be overcomed by administering ovu-
lation-induction drugs to females receiving treatment
(3, 16). On the other hand, increased endometrial lining
observed in high-BMI patients is thought to improve the
pregnancy success rate, cancelling the negative impact
of obesity on uterine receptivity (10). Our study results
revealed a higher proportion of obese (15 patients out of
18) females with a positive pregnancy outcome.

In our study, females with greater BMI had a higher success
rate following 1Ul, which although negates our hypothesis,
the improved success can be explained by the correction
of ovulation and improvement in the hormonal profile in
obese females by medicines used for ovulation induction.
Researchers have documented positive Ul outcomes in
obese females treated with gonadotropins, human meno-
pausal gonadotropin and treatment with letrozole (17-20).

As reported by Wang et al., BMI is an essential factor influ-
encing the regulation of the hypothalamic-pituitary-ovarian
(HPO) axis (20). Increased free fatty acids in the serum inhibit
the synthesis of gonadotrophin (Gn), resulting in the fall in
serum levels of reproductive hormones like E2, LH, and P,
disrupting the menstrual cycle regulation and thereby lead-
ing to anovulation. Several studies reported different results
regarding BMI, and the findings were inconsistent (21). In the-
ory, BMI may be a strong predictor of IUl outcome, as weight
control is an important factor before the start of the proce-

dure. Yavuz et al. also reported the negative influence of obe-
sity on Ul outcomes, explaining the reduced oocyte quality,
poor uterine environment, and impaired insulin sensitivity
secondary to increased BMI (22). High BMI alters hormonal
levels, which in turn affect the quality of the uterine endo-
metrium (3). However, BMI was reported to be a less reliable
predictor of pregnancy outcomes in obese patients. Results
from our study showed that BMI influenced the outcome of
the Ul procedure because 83% of the successful outcomes
were females with obesity. This finding is inconsistent with the
results of Whynott et al., who reported that the IUl success
rate was the same compared with patients with high BMI (22).

Other factors to be discussed in this study, such as basal
hormone levels, duration and infertility diagnosis, follic-
ular count, and endometrial thickness, showed incon-
clusive results. Most of the females who approached
the infertility clinic had a duration of infertility of 6
years. Noujua-Huttunen et al. proved in their study that
the chances of successful IUl outcomes diminish with
long-standing infertility (13). Tomlinson et al. observed
that the success rate of Ul was higher in couples with
infertility of less than four years (23). Yavuz et al. recent-
ly reported that the success rate is higher with shorter
subfertility periods, indicating that the duration of infer-
tility becomes essential when selecting Ul as a suitable
treatment mode (21).
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Table 3: Relationship between BMI and hormonal values in female patients with the outcome of IUl (n=199)

BMI (kg/m?) Outcome
Normal Overweight .
Hormone (18.5-22.9) (23.0-24.9) Obese (>25.0) |I>_ Ul failure Ul success )
value?®
N Mean Mean Mean N % N % value®
(SD) (SD) (SD) ° °
Progesterone
21.7 241 29.3
Low 2 (1.4) 9 0.6) 96 (5.2) 97  90.7 10 93
Normal 20.3 24.6 29.1
14 (1.4) 7 0.2) 62 @.1) <0.05 76 8 7 8.4 0.92
High 23.6 29.2
0 2 0.1) 7 (5.6) 8 88.9 1 11.1
Follicle stimulating hormone
24.2 29.0
Low 0 8 0.6) 96 .9) 97 933 7 6.7
20.5 243 29.4
Normal 16 (1.4) 10 0.5) 64 @.7) <005 79 878 1 12.2 0.34
. 30.6
High 0 0 5 4.3) 5 100.0 0 0.0
Luteinizing hormone
241 28.4
Low 0 7 0.6) 85 .0) 83 902 9 9.8
20.5 24.3 29.7
Normal 15 (1.9 9 0.5) 61 (5.0) <005 78 918 7 8.2 0.94
High 24.7 312
1 20.7 2 0.3) 19 @.5) 20 909 2 9.1

a: Fisher's exact test, Ul: intrauterine insemination. The mean values are for hormone levels.

Regarding the cause of infertility, almost 50% of females
with unexplained infertility underwent IUl and account-
ed for half of the females (n=9) who achieved successful
pregnancy. Successful conception can be attributed to
stimulation of the ovaries by medicines and correction of
some other factors like inadequate coital frequency (24).
Similar results were proposed by Noujua-Huttunen et al.
(13). This contrasts with our findings, which showed no
significant difference in the percentage of success rate
between unexplained infertile females and female factor
infertile females. The results prompt that Ul should be
deliberated as the first line of approach before opting for
IVF in women with unexplained infertility.

The study was limited due to the inaccessibility of data
before 2012, retrospective nature, and small sample. The
data do not represent all females undergoing IUl in Bru-
nei Darussalam, as Ul treatment is also performed in oth-
er hospitals in Brunei. Therefore, the generalizability of
the results was not possible. The patient records did not
mention the endometrial thickness, which is another lim-
itation of our study. Furthermore, we analysed the results

based on age and BMI independently; the data was not
stratifed and analyzed according to age.

CONCLUSION

IUl treatment played a significant role in treating infertile
couples with ovulatory disorders or unexplained infer-
tility. The success of IUl was largely affected by the fe-
male age (30-39 years), and the duration of infertility six
years. Although conception occurred mostly in women
with BMI > 25 kg/m?, weight management strategies, ef-
fective counselling and personalised treatment may be
advised to optimise fertility health in all infertile couples.
Females with an age range of duration of infertility and a
BMI index of >25 kg/m? were able to conceive.
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ABSTRACT

istanbul University istanbul Faculty of Medicine, was the only
medical faculty in Turkiye until the Ankara University, Faculty of
Medicine was established in 1945 under Law No. 4761. There-
fore, until the establishment of Ankara University Faculty of Med-
icine, the history of medical education in our country is a history
belonging to istanbul Faculty of Medicine. After the conquest of
istanbul, medical education was established at the Fatih Darlissi-
fa in istanbul and continued to develop, being provided in insti-
tutions that opened and closed over time. This institution has
undergone reforms since the establishment of Tiphane-i Amire
in 1827, which finally led to the institutionalization of the istan-
bul Faculty of Medicine. Physicians from Austria and Germany
made significant contributions to the modernisation of educa-
tion at this medical school during the Ottoman and Republican
periods. The Istanbul University istanbul Faculty of Medicine,
has supported the development of new medical faculties estab-
lished in Turkiye by providing the new institutions with faculty
members. Based on 2023 data, among the 128 medical faculties
established in Tirkiye, either by the state or private enterprise,
the Istanbul University Istanbul Faculty of Medicine, has a presti-
gious place in Turkiye, as it was the first medical school and has
always been an innovative and guiding medical institution. The
school has graduates who have made significant contributions
to medicine. Examples include Hulusi Behget (1889-1948), the
discoverer of Behget's Disease, who graduated from the istanbul
School of Medicine in 1910, and Aziz Sancar (1946-), who grad-
uated from the Istanbul School of Medicine in 1969 and shared
the Nobel Prize in chemistry in 2015.

Keywords: History of istanbul University Istanbul Faculty of
Medicine, history of medical education, history

OzZET

istanbul Universitesi istanbul Tip Fakiiltesi, 1945 yilinda Ankara
Tip Fakiltesi kurulana dek Glkemizin tek tip fakiltesiydi. Bu ne-
denle Ankara Universitesi, Tip Fakiiltesi kuruluncaya kadar iilke-
mizdeki tip egitiminin tarihi, istanbul Tip Fakdiltesi'ne ait bir tarih-
cedir. istanbul’un fethi ardindan istanbul’da Fatih Darissifasi’'nda
baslatilan tip egitimi, birbiri ardina acilip kapanan kurumlarda
verilmis olsa da surekli bir gelisim cizgisi izlemis, 1827'de kuru-
lan Tiphane-i Amire'den itibaren ise ayni kurumun zaman zaman
reformlar gecirmesi ile istanbul Tip Fakiiltesinin kurulmasina yén
vermistir. Osmanli ve Cumhuriyet dénemlerinde Avusturyali ve
Alman hekimlerin bu tip okulundaki egitimin modernlesmesine
énemli katkilan olmustur. istanbul Universitesi Tip Fakiiltesi, Gl-
kede kurulan yeni tip fakiltelerine &gretim Uyesi vererek, onlarin
gelisimlerini de desteklemistir. 2023 itibariyle tlkemizde devlet
binyesinde ya da dzel tesebbusle kurulmus 128 tip fakiltesi icin-
de istanbul Universitesi istanbul Tip Fakiiltesi, tilkenin ilk olmakla
en eski gecmise sahip, fakat daima yenilik¢i ve rehber tip kurumu
olma ézelligiyle, cok prestijli bir yere sahiptir. istanbul Universite-
si Tip Fakiltesi'nin tibba dnemli katkilar yapan mezunlari vardir.
Bunlara, istanbul Tip Fakiiltesi'nin 1910 yili mezunu Behcet Has-
tahigini tanimlayan Hulusi Behget (1889-1948) ile 1969 yili mezunu
ve kimya dalinda 2015 Nobel 6dlind bir meslektasiyla paylasan
Aziz Sancar (1946-) 6rnek verilebilir.

Anahtar Kelimeler: istanbul Universitesi istanbul Tip Fakiiltesi
tarihi, tip egitimi tarihi, tarih
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INTRODUCTION

The madrasas, established following jstanbul’s conquest
on May 29, 1453, are considered the foundation of is-
tanbul University (1). The roots of the jstanbul Faculty
of Medicine can be traced back to the darissifa (house
of healing, the first hospital model in Turkish-Islamic
culture), built by Sultan Mehmed the Conqueror and
opened in 1470 within the complex bearing his name (2).
In a meeting held on December 30, 1970, the Board of
Professors of the Istanbul Faculty of Medicine decided to
celebrate 1970 as the 500™ anniversary of the establish-
ment of the faculty, taking the date of the establishment
of the Fatih Dardssifa in 1470 as its basis (3). This decision
expresses ownership of medical education initiated by
Tiirkiye's ancestors after Istanbul's conquest. This study
summarizes the history of the Medical Faculty of istanbul
University, the first medical school in Turkiye, and shows
that teaching medicine in Turkiye, which began in ma-
drasa and darssifa institutions, has made a continuous
effort to progress by establishing successive institutions
and reforming existing institutions.

Fatih Dariissifa: Seed of the istanbul University Facul-
ty of Medicine

The foundations of madrasas, one of Turkiye's only institu-
tions of higher education until the late 18" century, date back
to the 9" century. Mehmed the Conqueror (1432-1481), who
conquered Constantinople in 1453, had the largest madra-
sa in the period, called Sekizli Medreseler (Sahn-1 Seman). It
consisted of eight madrasas built on both sides of the Fatih
Mosque and became operational in 1470, 17 years after Is-
tanbul’s conquest. The Dardssifa was built next to the four
madrasas to the south (4). The most substantial evidence
indicating that medical education was provided at the Fa-
tih Darlssifa was revealed by Altintag’s research through
nine archival documents, which proved the appointment of
medical students between 1723 and 1783 (5).

Siileymaniye Medical Madrasa (established in 1557)

The Fatih Darlssifa was destroyed by earthquakes in
1509, 1747, and 1766 (4). Therefore, Suleiman the Mag-
nificent (1494-1566), who led the Ottoman Empire into a
great era, had Mimar Sinan (Architect Sinan, 1490-1588)
build the Sileymaniye Complex, which became one of
the most beautiful examples of Ottoman architecture (6).
The doors of the hospital were opened early in the morn-
ing, and the staff took care of in-patients and those who
came for examination (7). A list of 66 books used for edu-
cation at the Stleymaniye Medical Madrasa can be found
in the Topkap! Palace Archive. Students would read
books written by famous scholars such as lbni’l Baytar
(1197-1248), Ibn Sina (980-1037), Zehravi (936-1013), and
Haci Pasha (1339-1413) in accordance with the schedules
and programmes of their teachers, take classes, and, in
the afternoon, go to the sections where patients were

hospitalised for practise (7). In addition to studying skele-
tons and bones, students were given anatomy lessons us-
ing pictures (8). There was a separate section for patients
with mental disorders in the Sileymaniye Darussifa, and
over time, the number of these patients cared for in the
institution increased, and the hospital gradually became
a bimarhane (psychiatric hospital). In 1873, when mentally
il patients were moved to the Toptasi Bimarhane, activi-
ties at the Sileymaniye Darlssifa ended (9).

An important step towards the modernisation of
medical education: The Shipyard Medical School (es-
tablished in 1805)

In the reign of Selim Il (1789-1807), a hospital was built
in Kasimpasa Shipyard to meet the navy's need for physi-
cians and provide patient care. In 1806, the hospital be-
gan training physicians and surgeons. This school, which
brought medical instruments and books from Europe,
ceased operations after political turmoil, and its build-
ing was destroyed in the Kasimpasa Fire of 1822 (10).
It is accepted that this institution, which operated for a
short period, was a turning point in the Westernisation of
Turkish medicine and formed the basis of the Tiphane-i
Amire, the first modern medical school.

The first modern medical school - Tiphane-i Amire and
Cerrahhane-i Mamure

Sultan Mahmud 11 (1785-1839), who made great efforts to
achieve progress in the Ottoman Empire in parallel with
developments in the West, ordered the establishment of
a military school, Tiphane-i Amire, at the Tulumbacibasi
Mansion in Vezneciler to train qualified physicians and sur-
geons for his newly established army (Asdkir-i Mansiire-i
Muhammediyye) (11). This was the first medical school
opened in Turkiye in the modern sense (12). The school
became operational on March 14, 1827, so this date is
considered the beginning of modern medical education
in Turkiye and is celebrated as Medical Day (13).

Only Muslim students were accepted to this school, and
medical education was scheduled for four years. Classes
were taught in Turkish, Arabic, Italian, and French, and
textbooks were brought from Paris. The school was most-
ly taught by non-Muslim teachers who had studied med-
icine in France and Italy (14). The dissection of cadavers
was considered a sin; therefore, anatomy lessons were
given using the models. A class was opened within the
school to provide one year of education to students who
wanted to become surgeons. On January 9, 1832, when
the school Cerrahhéne-i Mémure was opened in the Pa-
tients’ Room of Topkapi Palace (15), the surgery class in
the Tiphane-i Amire was transferred to this school, and
the French surgeon A.H. Sat-Deygalliere (1799-7) was
appointed as its head (16). In 1838, the Cerrahhéne-i
Méamure was moved located Tiphane-i Amire on the site
of today’s Galatasaray High School (17).
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The first modern medical school underwent reform:
Mekteb-i Tibbiye-i Adliye-i S4hédne (1839)

1839 was a turning point in the history of medical edu-
cation in Turkiye. As a result of Sultan Mahmud Il's (1785-
1839) initiative, two young military physicians, Dr. Jakob
Neuner (1891-1949) and Dr. Karl Ambroise Bernard (1808-
1844), graduates of the Josephinum, Vienna's Academy
of Military Medicine and Surgery, and pharmacist Antoine
Hoffmann were invited to Turkiye in 1839. After Bernard
was appointed as the director of clinics and professor,
the school was opened with a ceremony on February 17,
1839, under the name Mekteb-i Tibbiye-i Adliye-i S4héne
der Asitane-i Aliyye (Figure 1), and it began to teach with
290 students (18). The word ‘Adliye’ in the name of the
school refers to the pseudonym ‘Adli" used by Sultan
Mahmud Il in his poems. The word 'Asitane’ was a name
used for Istanbul during the Ottoman period. The name
of the school was mentioned as Mekteb-i Tibbiye-i Adli-
ye-i Sdhéne/Ecole Imperiale de Médecine in the diplo-
mas awarded to graduates.

Figure 1: Chief physician and teachers at Mekteb-i
Tibbiye-i Sdhane. Galatasaray, 1839.
(Archives of the Department of History of Medicine and
Ethics, Istanbul Faculty of Medicine)

Dr. Bernard prepared the school’s curriculum based on
that of the Vienna Josephinum. The French were taught
intensively in the beginner class because of the increased
influence of the French in Europe after the French Revo-
lution (19). Clinical courses were taught in the hospital’s
patient wards. The school also had a pharmacy class with
a three-year training programme and a surgery class
with a three-year training programme. In 1843, a mid-
wifery class was introduced, and in 18464, another class
was opened to train caregivers. When Dr. Bernard was
chief, the school had a botanical garden, a library of 1,300
books in French, and a mineral collection. Tiphane-i
Amire was established to train Muslim physicians for
the army; however, minorities were also admitted to this
school as of 1841 (19). Bernard was awarded the “Order

of Honour” by Sultan Abdilmecid (1823-1861) and wrote
the books of the first Ottoman Pharmacopoea, Pharma-
copoea Castrensis Ottomana, Botany, Auscultation and
Percussion, and Bursa Thermal Springs. His book on the
hot springs in Bursa is considered the first work on Balne-
ology in Turkiye. Bernard also worked as a physician at
the Austrian Hospital in Istanbul and used the corpses
there for normal and pathological anatomy lessons. Thus,
dissection and autopsy were started for the first time in
Turkiye. Bernard died in istanbul in 1844 at the age of 36
due to pneumonia caused by a phlegmon in his neck. He
was buried in the Italian Catholic Church in Istanbul (20).

Dr. Sigmund Spitzer (1813-1895), a physician and human
anatomist from Austria, undertook the school’s education
management. Spitzer remained in this position until 1850.
The School of Medicine has dynamically followed scien-
tific developments emerging in the West. For example,
chloroform, the effect of which was discovered in 1847 for
general anaesthesia, was successfully tested on a student
at Mekteb-i Tibbiye-i Adliye-i S&héne in the presence of
Sultan Abdilmecid 1 year later (21). Sultan Abdilmecid
was pleased with the school’s follow-up of scientific de-
velopments. He requested that final-year students take an
examination at a medical school in Europe, and accord-
ingly, four students were sent to Vienna. On January 1,
1848, these students took an exam that was conducted in
front of the audience at the Vienna School of Medicine,
and their superior performance in the exam was report-
ed in the European press, increasing the reputation of the
school in Europe (22). On October 11, 1848, the school was
moved to the Humbarahane Barracks in Halicioglu after a
fire broke out in the school’s neighbourhood. On March 9,
1849, Turkiye's first medical journal, Vekayi-i Tibbiye (med-
ical cases), and its French version, Gazette Médicale de
Constantinople (23), were published in the school’s print-
ing house with the contributions of the students.

In 1865, during the Cholera epidemic, the school build-
ing was repurposed as a hospital, and in 1866, the school
moved to Tagkigla in Demirkapi, where it would function
for 27 years. During this period, the number of books writ-
ten increased, and high achievers among graduates were
sent to Europe for specialisation, creating future teachers.

In the 19" century, while the Ottoman Empire was fight-
ing one war after another, developments in the West were
also notable. Therefore, when Louis Pasteur discovered
the rabies vaccine, Sultan Abdulhamid (1842-1918) do-
nated 1,000 gold coins to the Pasteur Institute and sent
Pasteur a medal. Zoeros Pasha (1844-1917), a professor of
infectious diseases at the medical school, was in the dele-
gation that brought these gifts. When the physicians in the
delegation returned to the country after learning about
the production and application of the rabies vaccine, the
Rabies Vaccine Institution (Dadlkelp Tedavihanesi) was
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opened in 1887 within the Medical School, which was op-
erating in Demirkapi (24). In 1889, the Vaccine Institution
(Telkihhane-i Sdhéne) produced a smallpox vaccine and
distributed it throughout the country (25). A few years lat-
er, the Royal Bacteriology Laboratory (Bakteriyolojihane-i
S&héne) in 1893 and the first Gynaecology Clinic (Vilade-
thane) in 1894 were also opened within the school.

Struggle to switch to education in Turkish

Since education at the Mekteb-i Tibbiye-i Séhéne was pro-
vided in French, Turkish students were often unsuccessful
and had to transfer to the surgery and pharmacy depart-
ments where classes were somewhat easier. In 1856, the
students launched a protest, supported by some of the pro-
fessors, with the aim of teaching education in Turkish, and
a class called Mdmtaz Sinif (Estimable Class) was opened in
1856 (26). The class was closed down in 1859; however, its
students did not give up their aim. Under the leadership of
Kinmli (Crimean) Aziz Bey (1840-1878), one of the graduates
of the Miimtaz Sinif, they worked on developing the Turkish
language for medical education and founded the Cemiyet-i
Tibbiye-i Osmaniye society in 1866 (27). However, most pro-
fessors at the Mekteb-i Tibbiye-i Sdhdne were non-Muslims
who had a good command of foreign languages and were
adamantly opposed to Turkish education.

On January 2, 1867, the Mekteb-i Tibbiye-i Mdlkiye (Civil
School of Medicine) was opened in one of the rooms of the
military school (28). Kinmli Aziz Bey went on to become the
Dean of Mekteb-i Tibbiye-i Milkiye. With the introduction
of medical education in Turkish, professors were rapidly
trained, and the number of Turkish medical textbooks quick-
ly increased (29). In 1869, graduates of the Tibbiye (Medical
School) were selected by examination and sent to Europe
for specialisation. Those who returned after completing
their specialisation were appointed professors. At the be-
ginning of the 20" century, these physicians became the fig-
ures that shaped the health policies of the Republic of Tir-
kiye, founded in 1923. A few notable names are Sakir Pasha
(1855-1914), who studied physiology under Claude Bernard
(1813-1878) in Paris and introduced the principles of exper-
imental physiology in Tirkiye. Besim Omer Pasha (Akalin)
(1862-1940), who specialised in obstetrics and gynaecology
in Paris, pioneered the establishment of the Obstetrics Clin-
ic within the school, which had not previously been allowed,
and transferred modern knowledge on obstetrics. Esad Pa-
sha (Isik) (1865-1936), who specialised in ophthalmology at
the Faculty of Medicine in Paris, established a modern eye
clinic with the instruments he brought from Paris, and the
ophthalmoscope he developed was named after him (30).
Celal Muhtar (Ozden) (1865-1947), after completing his der-
matology specialisation at St. Louis Hospital in Paris taught
dermatology at the school, diagnosed a new skin disease,
and developed a treatment method (31). Cemil (Topuzlu)
Pasha (1866-1958), a highly skilled surgeon and talented
physician, returned to Tirkiye after his specialisation at the

Paris School of Medicine and meticulously implemented
asepsis and antisepsis methods at the Medical School (32).

Giilhane Seririyat School opened for clinical internships
and construction of a new medical school building

As the military medical school’s building was outdated
and inadequate, Sultan Abdilhamid Il (1842-1918) or-
dered the construction of a new medical school building
in the Haydarpasa neighbourhood on the Asian side of
istanbul in 1893 (33). Prof. Dr. Robert Rieder (1861-1913)
(Figure 3), who had been invited from Germany to make
suggestions about the construction at Haydarpasa, arrived
in Turkiye on February 14, 1898, and presented a report
to the Sultan on September 5, 1898. He suggested some
reforms in education and suggested that German should
be taught alongside French. Rieder and Dr. Georg Deycke
(1865-1935), who had been invited with him, opened Guil-
hane Seririyat Hospital (Figure 2) with 150 patient beds on
December 30, 1898, in the building where the preparatory
class of the Medical School was located. This was done
to ensure that physicians graduated with better clinical
experience (34). Rieder was chief of the surgical clinic at
Gulhane (Figure 2) and was appointed as the director of
the school (35).

Figure 2: A postcard showing Gilhane Seririyat Mektebi
(Istanbul Faculty of Medicine, Department of History of
Medicine and Ethics Archive).

SR .

Figure 3: Professors and German nurses of Gilhane.
Prof. Georg Deycke Pasha in the centre, Prof. Robert
Rieder Pasha, on his right (istanbul Faculty of Medicine,
Department of History of Medicine and Ethics Archive).
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The newly constructed, magnificent Medical School
building in the Haydarpasa district on the Asian side of Is-
tanbul (Figure 4) was inaugurated on November 6, 1903,
the birthday of Abdilhamid Il (Figure 5) (33).

Figure 4: The new building of the School of Medicine in
Haydarpasa. Album of the Humble Memory of the Faculty
of Medicine to the Honourable Kazim Pasha, President of
the Grand National Assembly, University of Health
Sciences Publication. Istanbul 2019.

=

Rieder Pasha injured his spine in a fall in 1902 while su-
pervising the construction of the school in Haydarpasa,
and he returned to Germany in 1904. Deycke Pasha con-
tinued to direct Gulhane from 1904 to 1907. He was par-
ticularly interested in leprosy, tuberculosis, and dysentery
and published important studies on these topics. When
Deycke Pasha returned to Germany in 1907, he was re-
placed by Julius Wieting (1868-1922), a surgeon who took
charge of the hospital until 1914. Wieting's emphasis on

training military and civilian nursing staff, encouraging
the production of medicines, vaccines, and serum, and
organising the first scientific meeting at Guilhane were
among his most important contributions (36).

Figure 5: Inauguration ceremony for the new Haydarpasa
medical building. Besim Omer Pasha: Nevsal-i Afiyet. Vol.
3. (Translated by Izgéer AZ) Istanbul 1904, p. 1063.

Gulhane continued to operate as a military hospital
following Wieting Pasha’s return to Germany. Since the
Ottoman Empire was a defeated power during World
War |, this building was occupied in 1918 along with
the country’s occupation and was turned into a military
hospital for the occupiers. The Gilhane Military Hospi-
tal was later moved to Gimussuyu Military Hospital and
later moved back to Sarayburnu following the proclama-
tion of the Republic. After the outbreak of World War 1,
Gulhane moved to Ankara on July 21, 1941, and began
to continue activities as the Gulhane Military Medical
Practise School and would soon experience rapid de-
velopment (35).

Incorporation into Dariilfunun

In the second half of the 19" century, efforts were made
by the Ottoman Empire to establish a European under-
standing of science and to create an institution of higher
education that was not affiliated with religious or mili-
tary institutions. The first Dardlfinun (house of sciences),
opened in 1863 with this intention, was closed after three
years. The institution, which was reopened in 1870 under
the name Dardilfinun-1 Osmani was only operational un-
til 1873. The third attempt, Dardlfinun-i Sultani, opened
in 1874; however, it did not continue after 1881. The
Dartlfinun that would continue its activities without clos-
ing down was the Dar(lfinun-1 Sdhéne, which opened on
September 1, 1900. After the declaration of Constitution-
al Monarchy Il (1908), the title ‘S&hane’ was removed from
all institutions. Accordingly, this institution was renamed
Istanbul Dartilfiinun by a regulation dated April 20, 1912.
In 1900, when the Darilfinun-u Sdhédne was established,
the Military and Civilian Medical School did not join the
Dardlfinun. On 22 May 1909, after the Mekteb-i Tibbiye-i
Miilkiye joined Darulfunun, the Military Medical School
was also included (37).

On September 14, 1909, the Civil and Military Medical
Schools merged and became the Dardlfinun-i Osmani
Faculty of Medicine (37). In 1908, the School of Dentist-
ry, Pharmacy, Kabile (Midwife), and Nursing School was
established in the vacant building of the Civil Medical
School in Kadirga. According to the Faculty of Medicine's
Statute, this school is affiliated with the Faculty of Med-
icine (38).

The Medical School declares March 14 as Medical Day
The years of the First World War inevitably affected ed-
ucation at the Faculty of Medicine. At the end of 1914,
the faculty building was converted into a reserve military
hospital. Following the occupation of istanbul by the Al-
lied fleet on November 13, 1919, the Dardlfinun Faculty
of Medicine building was occupied in December, and
the five-year British hegemony at the faculty began. The
pressure on the faculty was lifted only through the victory
of August 30, 1922 (39).
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Dardilfinun students watched with interest as Mustafa Ke-
mal (Atatirk), the founder of the Republic of Turkiye, landed
in Samsun and started a national movement throughout
Anatolia. Hikmet Bey (Boran) (1901-1945), a medical faculty
student, attended the Sivas Congress with the money col-
lected by his friends and expressed his support for Mustafa
Kemal (40). The students wanted to celebrate March 14, the
founding day of Tiphane-i Amire, the first modern medical
school in our country, in 1919, as Medical Day to demon-
strate their commitment to the history of their nation. For
this purpose, medical students, professors, and physicians
in Istanbul gathered in a movie theatre in Kadikdy on March
14,1921, to deliver messages of independence (41). March’s
celebration 14 as Medical Day dates back to this event.

Publication of first issue of Journal of istanbul Faculty
of Medicine Journal

During the war years, Dardlfinun Medical Faculty Journal
was first published in March 1916 and was published in
the Arabic letter until 1932 (42). During the 1933 university
reforms, the journal stopped publishing for a time. In Feb-
ruary 1937, publication began again as Year 1, Issue 1 (Fig-
ure 6), and in the Latin alphabet, which had been adopt-
ed during the alphabet revolution. The journal continues
to be published, bearing the name Istanbul Tip Fakiiltesi
Dergisi (Journal of jstanbul Faculty of Medicine).
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Figure 6: Cover of the 1*tissue of the Dardilfiinun Faculty
of Medicine Journal, 1916.

Admission of female students to medicine

On September 12, 1914, the Inas (girls) Dardlfinun
opened, and its first class graduated in 1917. In 1921, with
the admission of female students to the Dartilflinun, the
Inas Dartilfiinun was closed. In 1922, as a critical move
for the rights of women, female students were given the
right to enrol in the Faculty of Medicine. In 1928, six of
the 10 female students enrolled at the Faculty of Med-
icine graduated. Three students did not continue medi-
cal education, and one female student died of tubercu-
losis. The first female graduates became specialists in
various fields. Mufide Kazim Kdiley (1904-1995) studied
her specialty at the Internal Medicine Clinic Il at istanbul
University Faculty of Medicine between 1929 and 1933
and served as a professor in the Department of Internal
Medicine at the university until 1973 when she retired. is-
tanbul University awarded her Doctor Honoris Causa in
1993, two years before her death (43).

Figure 7: Professors and students of Dardlfiinun Faculty
of Medicine on May 20, 1924 (Istanbul Faculty of
Medicine, Department of History of Medicine and Ethics
Archive).

istanbul Faculty of Medicine during the Turkish Uni-
versity Reform of 1933

The Medical School remained in this building on the Asian
side of Istanbul for 30 years (Figure 7, 8). Some clinical
professors were displeased with the distance of this
magnificent new building from the centre of the city on the
European side. On May 31, 1933, under Law No. 2252 on the
Closure of the Istanbul Darilfinun and the Establishment
of a New University by the Ministry of Education, the
university reform process began; on July 31 of the same
year, the Istanbul Dariilfinun was closed and re-established
as Istanbul University (Figure 9). The first Rector of the
University was Neset Omer irdelp (1881-1948), a professor-
in-ordinary of internal medicine at the Faculty of Medicine.
The first Dean of the Istanbul University Faculty of Medicine
was Ord. Prof. Dr. Tevfik Salim Saglam (1882-1963) (44).
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Figure 8: An example of the new medical building
lecture halls in Haydarpasha. The Humble Memory of the
Faculty of Medicine to His Excellency the Honourable
Kazim Pasha, President of the Grand National Assembly
Album Publication of the University of Health Sciences,
Istanbul, 2019.

Atatiirk attached great importance to Istanbul Universi-
ty's goal of achieving modernisation in science. As the
university was reorganised, the Faculty of Medicine was
moved from its building in Haydarpasa to the European
side of Istanbul. The administrative centre of the facul-
ty (Dean’s Office) and the basic science institutes were
moved to the current Rectorate building in Beyazit. Ac-
cording to the law establishing istanbul University, the
Faculty of Medicine was granted the right to use city hos-
pitals for educational purposes. Clinics were distributed
to hospitals in various districts of istanbul, such as Haseki,
Cerrahpasa, Gureba, Bakirkdy, and Sisli. The main clinic
workload was divided among Haseki, Cerrahpasa, and
Asagi Guraba Hospitals. During the Second World War,
the warehouse buildings in the Capa neighbourhood
were repurposed as hospital clinics, and the Surgery Clin-
icIl, which had been located in Haseki Hospital until then,
was moved to these buildings, the Gynaecology Clinic Il
and later Internal Medicine Clinic Il soon followed (45).

With the 1933 University Reform, a new teaching staff was
established at istanbul University, and some old faculty
members were dismissed. Young scientists educated in
Europe and world-renowned professors who had to flee
Europe when Hitler came to power were assigned to
vacant positions. These professors, who fled Germany,
Austria, Czechoslovakia, and Hungary and took refuge
in Turkiye, served as directors of institutes and clinics at
the Istanbul Faculty of Medicine for many years and were
part of the teaching staff (46, 47). Among the foreign
teaching staff were professors such as Philipp Schwartz
(Pathological Anatomy), Siegfried Oberndorfer (General
and Experimental Pathology), Rudolf Nissen (Surgery),
Wilhelm Liepmann (Obstetrics and Gynaecology), Erich

Figure 9: The view of.istanbul University Rectorate
Building in the 1930s (Istanbul Faculty of Medicine,
Department of History of Medicine and Ethics Archive).

Ruttin (ENT), Karl Hellmann (Otolaryngology, Joseph
Igersheimer (Ophthalmology), Friedrich Dessauer (Bio-
physics, Radiology, and Radiotherapy), Max Sgalitzer
(Radiology and Radiotherapy), Wilhelm Liepschitz (Bio-
chemistry), Felix Haurowitz (Biochemistry), Zdenko Stary
(Biochemistry), Tibor Peterfi (Histology and Embryology),
Erich Frank (Internal Medicine), Hans Winterstein (Phys-
iology), Julius Hirsch (Sanitation), Hugo Braun (Microbi-
ology), and Berta Ottenstein (Dermatology). In addition,
physicians, nurses, engineers, and other technical staff
who had taken refuge in Turkiye were also included in the
service of the Istanbul Medical Faculty. In a short time,
these famous scientists from the West published text-
books in Turkish filled with modern knowledge. These
professors established the German scientific tradition
based on the principle that education and research are
inseparable in universities and that those who cannot
conduct research should not teach. They sincerely served
in raising a successful generation of Turkish scientists and
helped Turkiye gain well educated Turkish physicians.

The School of Pharmacy and the School of Dentistry, which
had been operating as colleges within the istanbul Uni-
versity Faculty of Medicine, were separated in 1962 and
1964, respectively, and became separate faculties. Over
time, the number of students and faculty members at the
Faculty of Medicine has increased considerably. Accord-
ingly, with the proposal of the istanbul University Faculty
of Medicine dated January 7, 1967, the University Senate
decided to establish a new faculty at a meeting on July
27, 1967. There are now two faculties of medicine at istan-
bul University. The name of the faculty became “istanbul
University istanbul Faculty of Medicine”. The Faculty that
would operate within the Cerrahpagsa Campus was named
"Cerrahpasa Faculty of Medicine”. When the Cerrahpasa
Faculty of Medicine was established in 1967, most of the
academic staff were from the istanbul Faculty of Medicine.
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Figure 10: New campus of istanbul’s Faculty of Medicine
(still in construction process).

Available from: URL: https://www.hemsireaktuel.com/
istanbul-tip-fakultesi-yeni-kampusu/

Istanbul University istanbul Faculty of Medicine provid-
ed the Aegean Faculty of Medicine, founded in 1954, to
Uludag University in Bursa, founded in 1970, and Trakya
University Faculty of Medicine in Edirne, founded in 1974,
with important support.

CONCLUSION

When we look at the history of the istanbul University
istanbul Faculty of Medicine, from its most distant past
to the present, we see that it has always turned its face
towards the West and has always followed it with dynamic
interest. Efforts to modernise medical education in
Turkiye were first initiated in a military medical school in
1827, and after only 40 years, a parallel civilian school was
established in 1867, expanding the medical education
opportunities available. The fact that physicians were
invited from Austria in 1839 and Germany between 1898
and 1918, students were sent to Europe after 1869, and
many European scientists forced to leave Germany and
other countries after 1933 under thread took office in
the istanbul University istanbul Faculty of Medicine are
concrete examples of the fact that we have always been
in close contact with Western scientists. This pioneering
institution, open to innovation and committed to
progress, has taught graduates who have made
significant contributions to medicine. Examples include
Hulusi Behcet, the discoverer of Behcet Syndrome, who
graduated from istanbul Faculty of Medicine in 1910,
and Aziz Sancar, who graduated from istanbul University
istanbul Faculty of Medicine in 1969 and shared the
Nobel Prize in chemistry in 2015.

A brief history of the Istanbul University Istanbul Faculty of
Medicine shows that the institution has experienced many
relocation and related difficulties. The last campus was es-
tablished in 1933, in the Capa district of istanbul, and the
faculty has been there for 90 years. Today, there are 440

faculty members on the ranks of professor, associate pro-
fessor, and assistant professor. In the last five years, within
Dean Prof. Dr. Tufan Tikek’s project framework, which aims
to improve the locations of activities, new buildings have
been rapidly constructed on the campus. In addition, con-
struction of a vast medical complex in the Hasdal district of
Istanbul (Figure 10) is also rapidly progressing.
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ABSTRACT

People who hide illegal substances in body cavities and pass
them through checkpoints are called body packers. With this
method, many illegal substances such as cocaine, heroin, hash-
ish, amphetamines, methamphetamine, and ecstasy are trans-
ported, often hidden in small packages. In our study, a 27-year-
old male who was found dead in his hotel room and who was
determined to be a body packer after autopsy is presented.
During the autopsy, a foreign substance weighing 465 grams in
total, packaged in different coloured packaging materials, was
detected in the patient's stomach and intestines. Some pack-
ages were found to have been opened. Because of opening of
the packages, illegal substances can be absorbed and cause
fatal poisoning. Therefore, relevant law enforcement officers,
medical personnel, and especially forensic medicine profes-
sionals must have sufficient knowledge in the antemortem or
postmortem approach to package body syndrome cases. In
our study, we aimed to contribute to the literature by sharing,
discussing and evaluating autopsy findings with forensic and
medical documents.

Keywords: Body packer, forensic autopsy, methamphetamine
and amphetamine poisoning

OzZET

Yasadigi maddelerin paket icerisinde viicut bosluklarina saklana-
rak kontrol noktalarindan geciren kisiler viicut paketgisi olarak
da adlandirlmaktadir. Bu yéntemle siklikla kiicik paketler icine
saklanan kokain, eroin, haghas, amfetaminler, metamfetamin ve
ekstazi gibi cok sayida yasadisi maddeleri taginmaktadir. Cali-
samamizda otel odasinda 38l olarak bulunan ve otopsi sonra-
sinda viicut paketcisi oldugu tespit edilen 27 yasindaki erkek
olgu sunulmustur. Otopsi sirasinda olgunun midesinde ve ba-
Jirsaklarinda cok sayida farkli renkte ambalaj malzemeleri ile
paketlenmis toplamda 465 gram agdirliginda yabanci madde
tespit edilmistir. Bazi paketlerin acilmis oldugu gérilmustur.
Paketlerin acilmasi sonucu yasadisi maddeler emilerek olimcdl
zehirlenmelere neden olabilmektedir. Dolayisiyla paket vicut
sendromunu olgularina antmortem veya postmortem yaklagim
stireclerinde ilgili kolluk gérevlilerinin, sagdlik personellerinin ve
ozellikle adli tip profesyonellerinin yeterli dizeyde bilgi sahibi
olmasi gerekmektedir. Calismamizda, otopsi bulgularini adli ve
tibbi belgelerle birlikte paylasarak, tartisarak ve degerlendirerek
literatlre katkida bulunmayi amagladik.

Anahtar Kelimeler: Vicut paketgisi, adli otopsi, metamfetamin
ve amfetamin zehirlenmesi
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INTRODUCTION

People who carry illegal substances through check-
points by hiding them in their body cavities are called
body packers (1). To prevent leaks, these substances are
placed in small packages and generally swallowed and
stored in the gastrointestinal tract cavities such as the
mouth, stomach, and intestines. In some cases, these
packages are inserted into the rectum, vaginal canal,
ear or under the skin (2, 3). With this method, many il-
legal substances such as cocaine, heroin, hashish, am-
phetamines, and ecstasy are transported, often hidden
in small packages (1, 4). In this study; a 27-year-old male
who was randomly detected to be a body packer during
the forensic autopsy with an allegation of suspicious
death was evaluated and presented in terms of foren-
sic medicine practise. By discussing the case within the
scope of the literature, we aimed to raise awareness that
toxic-related deaths may occur as a result of the tearing
of the packages on the bodies of body packers and the
absorption of illegal substances, and to contribute to
the literature.

CASE PRESENTATION

Case history and crime scene investigation

The body of a 27-year-old man was found naked, lying
face down on the floor of the hotel room, and was sent
to the Autopsy Centre for forensic autopsy. According to
the information obtained from the research conducted
before starting the autopsy; it was learned that a legal
action was taken against him in another city three months
ago for drug trafficking and that he did not have any his-
tory of illness in his past.

SIMAD SRL

Radiological examination and autopsy findings

In the scopy taken before the autopsy, many radiopaque
areas with round shapes and regular boundaries were
observed in the abdomen (Figure 1). In the external ex-
amination; it was determined that there were abrasions
and ecchymotic areas on the forehead, nose and lips,
and blood smears inside the mouth and nostrils. In the
internal examination; it was observed that the stomach
was completely filled with foreign matter (possible drug
substance) packed in different coloured packaging bags,
the largest being 1.5 cm in diameter and the smallest be-
ing 0.8 cm in diameter. In examining the small and large
intestines; foreign substances detected in the stomach
were also detected in different segments of the small
and large intestines, and some packages were found to
be torn (Figure 2). All foreign substances detected in the
digestive system were weighed as 465 g in their current
packaged form. Cardiac conduction system examination
was performed together with routine histopathological
examinations and prominent multifocal infarct areas were
observed in myocardial tissues in the left ventricle.

Toxicological examination

In the toxicological examination using the AB SCIEX 5500
QTRAP LC/MS/MS system; 776,0 ng/ml Methamphet-
amine, 18,4 ng/ml Amphetamine were found in blood,
Methamphetamine, Amphetamine were found in urine,
Methamphetamine was found in bile, Methamphetamine
was found in internal organs (stomach, liver and kidney),
Methamphetamine was found in stomach fragment.

Since this was an autopsy case, it was impossible to ob-
tain consent from the case itself. Additionally, our case
did not reside in our city and died while staying at a hotel

SIMAD SRL

Figure 1: Numerous radiopaque areas with round shapes and regular boundaries in the scopy taken before the autopsy.
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Figure 2: Colourful plastic-wrapped packages inside the stomach at autopsy.

for the day. Therefore, consent could not be obtained
during the autopsy stage because the patient did not
have any close relatives. The study was carried out with
the approval of the Education and Scientific Research
Commission of the Council of Forensic Medicine (Date:
22.02.2023, No: 21589509/2023/168).

DISCUSSION

Drug abuse is increasing day by day throughout the
world and is more common in developed countries than
in developing countries. Drugs maintain their regional
and global importance as a major security and health
problem all over the world (5). One of the complex drug
trafficking methods that have been frequently preferred
in recent years and that we encounter from time to time
is body packers (5, 6). The probability of encountering
Body Packer Syndromes in forensic practice is relatively
high. For this reason, it is an issue that should be con-
sidered by forensic medicine professionals in cases of
deaths that often occur without witnesses. Especially in
cases where no evidence of trauma is detected, when the
cause of death is determined by external examination
findings without an autopsy, it is clear that the cases will
be easily overlooked and the investigation will progress
with difficulty. Therefore, in such cases, forensic medicine
professionals should consider that the classical autopsy
process should be supported by postmortem radiolog-
ical examinations.

People who hide illegal substances in body cavities and pass
them through checkpoints are called body packers. lllicit
drug transport in body cavities was first described in 1973 and
since then there has been a worldwide increase in packaged
body cases (1, 7). Although the number of body packers is
increasing day by day due to the constant need for quick fi-
nancial gain, it is quite difficult to detect (4, 8). In our case

presentation, the case of a packaged body was incidentally
detected during the autopsy we performed on the allegation
of suspicious death. This detection also draws attention to
the importance of standardising and implementing the au-
topsy process with a systematic procedure.

In cases of suspicious death, a detailed crime scene in-
vestigation and a proper autopsy must shed light on the
incident (9). In our study, a detailed crime scene investi-
gation was conducted, and all evidence was collected,
photographed, and recorded. No illegal substances
were found in the scene. Until the radiological imaging
and autopsy, no conclusion could be made that the fo-
rensic case was a body packer. This reveals that it is quite
difficult to detect body packers and that radiological im-
aging examinations and systematic autopsy are neces-
sary in suspicious cases (4, 8).

Radiology is one of the most important branches of
modern medicine. Post-mortem imaging has led to the
establishment of a bridge between radiology and fo-
rensic medicine. Forensic radiology is a new field within
the forensic sciences. Postmortem imaging methods are
increasingly used in conjunction with traditional autopsy
in a process called “virtual autopsy” and are viewed by
researchers as a complement to autopsy. Radiological
methods allow easy examination of areas that are difficult
to reach and incision during autopsy (10, 11). Findings
obtained through these methods can be visualised and
recorded and presented to judicial bodies as evidence,
becoming increasingly important. The post-mortem im-
ages obtained can be recorded and the identity of the
body or the cause of death can be reached by comparing
with the ante-mortem images (10-12). Body packers are
very difficult to detect because they do not provide accu-
rate anamnesis during routine law enforcement searches
or health examinations and are usually clinically asymp-
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tomatic. Therefore, it is stated that direct abdominal ra-
diography is a good screening tool for the evaluation of
suspected body packers due to its low cost, high usabil-
ity, and sensitivity between 74% and 100%. In addition,
this radiological examination has a very important place
in terms of evidence. Plain abdominal radiographs show,
after the exclusion of nutritional contents in the stomach,
small intestine, or large intestine, one or more well-de-
fined radio-opacities (double condom sign), clear air
surrounding an oval opacity, a smooth and well-shaped
rectangular structure (tic-tac sign). Also, body packing
should be considered when hard packages arranged
parallel to each other (parallelism sign) are detected in
the intestinal lumen. When direct abdominal radiographs
give negative results, a low-dose abdominal CT scan is
recommended if there is strong suspicion (1, 4). Before
starting the autopsy for our case, radiological imaging
(scopy) was performed for screening, as stated in the lit-
erature. Many radiopaque substances with round shapes
and regular borders were detected in the abdomen. After
this stage, an autopsy was planned with the preliminary
diagnosis that the corpse was the body package carrier.
Therefore, we think that it would be beneficial to routine-
ly perform radiological imaging before forensic autopsy
procedures to reach a certain preliminary diagnosis and
have a more planned and systematic autopsy.

lllegal substances are often transported through the gas-
trointestinal tract by oral ingestion in small packages to
prevent leakage. These packages are intended to be elim-
inated from the body through defaecation. Latex gloves,
nylon bags, condoms, aluminium foil, the finger parts of
surgical gloves, and balloon-like materials are often used
for packaging (2, 3). With this method, approximately 1
kg of material can be transported in packages between
40 and 100 on average (8, 13). In our study, during the au-
topsy, a total of 465 grams of foreign matter was detect-
ed in the stomach, small and large intestines, packaged
in different coloured packaging bags with a diameter of
0.8-1.5 cm. Some packages were torn. In body packers,
serious poisoning and death sometimes occur because
of small and large intestine obstructions, gastrointestinal
perforations, rupture of the package and absorption of
the illegal substance. Conservative follow-up and treat-
ment with or without laxatives is recommended in inten-
sive care clinics for asymptomatic patients who are found
to be body packers. Endoscopic procedures are not
recommended because of the possibility of perforation
of the packages. Surgical removal is recommended in
case of signs of toxicity, mechanical gastrointestinal ob-
struction, or the presence of packets in the body during
long-term follow-up. Specific antidote treatment should
also be applied when possible (7, 8, 13). In our case, no
signs of obstruction or perforation were detected in the
GIS during the autopsy, and it was determined that some
packages were opened. We believe that toxic substanc-

es absorbed into the systemic circulation from packages
opened during the autopsy may cause death.

Methamphetamine, an amphetamine-type stimulant of
the central nervous system, is a synthetic substance pro-
duced in 1919 and can be transported by body packers.
Although it is used for treating many diseases such as
attention deficit hyperactivity disorder, narcolepsy, and
severe obesity, the abuse of this substance has limited its
clinical use (14, 15). Since methamphetamine is cheaper
and easier to obtain than other illegal substances, its use
worldwide is increasing day by day. Studies and United
Nations reports indicate that methamphetamine use ranks
second after marijuana among recreational drugs and
poses a significant global health problem (15, 16). In meth-
amphetamine overdose, tachycardia, hypertension, hyper-
thermia, seizures, psychosis, memory loss, hallucinations,
coma, cardiopulmonary arrest, and death may occur (15-
17). This case shows us, in its most concrete form, that the
fatal cardiac effects of amphetamine and methamphet-
amine poisoning occur in line with the literature.

CONCLUSION

Drug and illegal drug trafficking is increasing day by day
worldwide and has emerged as a global problem. Pack-
ages can cause blockages, perforations, especially in the
gastrointestinal tract, and lethal poisoning by the absorp-
tion of their illegal content because of opening of the
packages. It is very difficult to detect body packers both
during routine searches by judicial law enforcement and
during routine health checks. Therefore, antemortem or
postmortem screening and plain abdominal radiography
should be performed in all suspected cases for evidence.
Whether symptomatic or asymptomatic, as soon as body
packers are detected, they should be immediately admit-
ted to health institutions with intensive care conditions
and their follow-up and treatment should begin. We
believe that it would be beneficial for law enforcement
officers, healthcare personnel, and especially forensic
medicine professionals to be trained to have detailed
information about package body syndrome, which is a
method of illegal substance trade.

Informed Consent: Since this study is about an autopsy case, it
is impossible to obtain consent from the case itself. Additionally,
the our case did not reside in our city and died while staying at
a hotel for the day. Therefore, consent could not be obtained
during the autopsy stage because the patient did not have any
close relatives.
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Dear Editor,

In this journal, we reported a rare live birth case of partial
trisomy 9 resulting from a maternal translocation between
chromosomes (Chr) 9 and 22 (1). The affected infant had
two normal Chr9 plus a derived/dicentric Chr9 containing a
complete copy of 9pter to 9622.31 (carrying the centromere
regions of both Chr9 and Chr22). Meza-Espinoza and col-
leagues wrote a letter to the editor about this case and the
related translocation-derived gametes (2). We appreciate
the contributions of the authors.

All possible gametes are shown in Table 1, and there are two
options for disomy of 22 products derived from tertiary 3:1
segregation. However, these gametes are also trisomic or
monosomic on the long arm of Chr9 (g22.31 to 9gter). In the
case of tertiary trisomy 3:1 segregation, when normal Chr?,
normal Chr22 and der(22) are transmitted to the next gener-
ation, the gamete will be disomic for Chr22 and partially tri-
somic for long arm of Chr9 (9922.31 to 9qter). Trisomy of the
short arm of Chr9 is a rare condition but is compatible with
life, as in this case. In contrast, the trisomy of the long arm
of Chr9 (the product of a tertiary 3:1 segregation) is almost
always incompatible with life. In tertiary monosomy 3:1 seg-
regation, when only der(9) is inherited, the offspring will be
disomic for Chr22 but will also have partial monosomy from
9922.31 to 9gter and will have no chance of a live birth. Two
disomy 22 products derived from the segregation of inter-
change trisomy and interchange monosomy also exist, but

the gametes will also be trisomy and monosomy for Chr9.
Additionally, the second option for the adjacent 2 segrega-
tion pattern leads to partial monosomy of chromosome 9
(9pter to 9922.31, our case region) and disomy 22.

In summary, regardless of alternate segregation, 6 disomy
22 products (seen in Table 1) could arise due to the segrega-
tion pattern of maternal translocation. However, our case is
probably the only one that survived because trisomy on the
short arm of Chr9 can be compatible with life.

Finally, as we mentioned in our article, the family was in-
formed about all reproductive options, including alternate
segregation (with normal and carrier fetuses) through an ap-
propriate genetic counselling process, and preimplantation
and prenatal diagnosis were recommended in subsequent
pregnancies (1).
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Table 1: The segregation patterns of translocation between chromosomes 9 (g22.31) and 22 (g11.1)

MOTHER FATHER GAMETES
Alternate | Disomy 9-22
. ]
| cheo,chize B Chr9,Chr22 8
| Disomy 9-22
g ' Hoch E Balanced translocation carrier
der9,der22 Chr9,Chr22
Adjacent 1 | Partial trisomy 9(g22.31 -> gter) and monosomy 22
* @
| choderzz Chr9,Chr22
| Partial monosomy 9(g22.31 -> gter) and trisomy 22
* ]
¥ ders,chiza b Chr9,Chr22
Adjacent 2 Partial trisomy 9(pter->q22.31) and disomy 22*
I .
B ches,dero Chro,Chr22
i E Partial monosomy 9(pter->g22.31) and disomy 22
Chr22,der22 %
Chr9,Chr22 8
Tertiary 1l Partial trisomy 9(pter->g22.31) and trisomy 22
trisomy il & 2
1 cheo,dero B Chro,Chr22 8
Chr22
| . Partial trisomy 9(g22.31 -> gter) and disomy 22**
H ) ]
b chig,derzz2 18 Chr9,Chr22 B
Chr22
Tertiary i Partial monosomy 9(pter->q22.31) and monosomy 22
menesemy derz2 Chr9,Chr22 E
r9,Chr
| Partial monosomy 9(g22.31 -> gter) and disomy 22**
* ]
Y dero Chr9,Chr22 8
Interchange 1] Trisomy 9 and disomy 22
Trisomy i g i E
Chr9,der9 Chr9,Chr22
der22
| Disomy 9 and trisomy 22
4 8o @
} der9,derzz B8 Chr9,Chr22
Chr22
Interchange ] E Monosomy 9 and disomy 22
Monosom Chr22 g
! Chr9,Chr22 8
| Disomy 9 and monosomy 22
* @
loneo Chro,Chr22 8

*our case , **two cases of disomy 22 with partial trisomy/monosomy 99
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Dear Editor,

| write to bring an attention to a rare disease, pseudo-
myxoma peritonei (PMP), which was first described by
Werth in 1884, yet it remains an orphan disease with lim-
ited awareness (1). The incidence of PMP is one to two
patients/per million in a year that might be due to misdi-
agnosis (2).

PMP typically arises from a ruptured mucinous tumour,
usually originating from the appendix, stomach, gall blad-
der, small and large intestine, fallopian tubes, ovaries,
pancreas and lung, and mucin accumulates inside the
peritoneal cavity and is called ‘jelly belly’ (1). PMP is his-
topathologically classified into four subtypes, based on
present of tumour cells, the amount of mucin and the ag-
gressiveness level, which are low grade, high grade, high
grade with signet ring cells and acellular mucin (2).

Despite being recognised for more than a century, PMP’s
management is still challenging due to misdiagnosis or
delayed diagnosis. This delay usually causes significant
progression of the disease and adversely affects patients’
outcomes. Diagnosing PMP is still challenging due to it's
indolent nature with nonspesific symptoms such as ab-
dominal discomfort and distension at the time of the dis-
ease initiation. Imaging techniques may not distinguish
mucinous material from other fluid collection and may
cause difficulty in obtaining a definitive histopathological
diagnosis (3).

The current standard treatment of PMP is cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemo-
therapy (HIPEC), which improves patient outcomes and
should be performed in specialised centres (1, 4). PMP is
frequently diagnosed as an unexpected finding during
emergency surgeries such as acute appendicitis or gynae-
cologic surgeries or imaging for other conditions. As a re-
sult, general surgeons and gynaecologists will occasion-
ally come across such cases and they will face challenges
in both diagnosis and treatment due to its rarity, lack of
awareness and limited guidance on management (1).
When PMP is encountered unexpectedly during surgery,
surgeons should focus on taking sufficient biopsies and
removing the appendix, avoiding extensive resections.
After recovery and diagnostic confirmation, specialised
care should be sought for further management (1).

In a multicenter study, the outcome data of 2298 patients
with PMP of appendiceal origin were analyzed, and the
best results were obtained with proper cytoreduction. (5).
Chua et al. showed that the five-year survival rate for pa-
tients who undergo incomplete (completeness of cytore-
duction) (CCR2 or CCR3), where visible residual disease
remains, is 24%; while it is 85% for those who achieve CCRO
and 80% for patients with a CCR1 resection (5). Delays in
diagnosis or misdiagnosis and improper treatment man-
agement after diagnosis determine the completeness of
cytoreduction and therefore the prognosis in PMP patients.

In conclusion, physicians’, especially general surgeons
and gynaecologists who perform intra-abdominal surger-
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ies, awareness about PMP should be increased so that
timely and appropriate treatment can be performed with-
out missing diagnosis and referral to specialised centres
will increase the survival of these patients.
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