Journal of 1111111111’101(%}? and

Clinical Microbiology

2023;
Volume 8, Issue 3

Citation Abbreviation:
] Immunol Clin Microbiol

Medicine & Publishing




JOURNAL OF IMMUNOLOGY AND CLINICAL MICROBIOLOGY

IMMUNOLOJI VE KLINIK MiKROBiYOLOJi DERGiSi

Yayin Etigi / Publication Ethics

Immiinoloji ve klinik mikrobiyoloji Dergisi (JICM) uluslararas hakemli bir dergidir (metin ve video) ve
yayinlar. Dergide yayimlanmak {izere gonderilen tiim arastirmalar Helsinki Bildirgesi, Laboratuar Hayvan-
larinin Bakim Rehberi, COPE ve ICMJE ilkelerine uygun olmalidir.

Journal Of Immunology And Clinical Microbiology
Cilt/Volume:8, Sayr/Issue:3, 2023

Sahibi/Owner: QMEL adina Erkan YULA’dir .
Yayinlayan/Publisher:Erkan YULA
E-Posta/E-mail:erkanyula@gmail.com

Yayin Tarihi/Release Date: 17 Kasim 2023

e-ISSN: 2528-9470

Journal Of Immunology And Clinical Microbiology yilda 4 kez yayinlanir.
Derginin yayin dili Tiirk¢e ve Ingilizce’dir.
Makale gonderim adresi: https://dergipark.org.tr/tr/pub/jicm

Yayimci/Publisher:Cetus Publishing

Tletisim/Contact:+90 850 380 08 02 ‘ +
Eposta/Email:info@cetuspub.com Publishing
Internet Adresi/Website :ww.cetuspub.com



https://cetuspub.com/en/

DERGI KURULLARI / JOURNAL BOARDS

Journal of Immiinology and Clinical Bas Editor / Editor in Chief
Microbiology Adina Sahibi Dog. Dr. Erkan YULA
Dog. Dr. Erkan YULA

Dergi Kurullar1 / Editorial Board

Prof. Dr. Vedat BULUT Prof. Dr. Meral GUNALDI

Gazi Universitesi Tip Fakiiltesi, Immiinoloji Istanbul Aydin iiniversitesi, T1p Fakiiltesi, Dahili

Anabilim Dali, Ankara, Tiirkiye. Tip Bilimleri Boliimii, Tibbi Onkoloji Klinigi,
Istanbul, Tiirkiye.

PhD. Luca CASSETTA

Edinburg Universitesi, Queen’s Tibbi Arastirma Prof. Dr. Semra PAYDAS

Enstitiisii, MRC Ureme Saglig1 Merkezi, Iskocya, Cukurova Universitesi, Dahiliye Anabilim Dali,

Birlesik Krallik. Adana, Tiirkiye.

Doc. Dr. Esin AKTAS CETIN Prof. Dr. Mustafa YILMAZ

Istanbul Universitesi, Deneysel T1p Enstitiisii, Cukurova Universitesi, Pediatrik Alerji ve

Immiinoloji Anabilim Daly, Istanbul, Tiirkiye. Immiinoloji, Adana, Tiirkiye.

Prof. Dr. Salih CETINER Prof. Dr. Murat GUNDUZ

Cukuova Universitesi, Abdi Siitcii Saglik Cukurova Universitesi, Anesteziyoloji ve

Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler Reanimasyon Boliimii, Adana, Tirkiye.

ve Teknikler Boliimii, Adana, Tirkiye.
Prof. Dr. Osman DEMIRHAN

Prof. Dr. Giinnur DENIZ Cukurova Universitesi, Tip Fakiiltesi, Temel Tip
Istanbul Universitesi, Deneysel T1p Enstitiisii, Bilimleri Boliimii, Tibbi Biyoloji Anabilim Dali,
Immiinoloji Anabilim Dals, Istanbul, Tiirkiye. Adana, Tiirkiye.
Dog. Dr. Filiz Kibar Do¢ Dr. Murat CELIK
Cukurova Universitesi, Tibbi Mikrobiyoloji Mustafa Kemal Universitesi, Dahiliye Anabilim
Anabilim Dal1, Adana, Tiirkiye. Dali, Hatay, Tirkiye.
Prof. Dr. H. Barbaros ORAL Doc. Dr. Mustafa OZMEN
Uludag Universitesi, T1p Fakiiltesi, immiinoloji [zmir Katip Celebi Universitesi, Dahiliye Anabilim
Anabilim Dal1, Bursa, Tiirkiye. Dali, Izmir, Tiirkiye.
Dog. Dr. Ash Gamze SENER Prof. Dr. Eren ERKEN
[zmir Katip Celebi Universitesi, Izmir Atatiirk ve Cukurova Universitesi, Dahiliye Anabilim Dall,
Sehir Hastahanesi, T1ibbi Mikrobiyoloji, izmir, Adana, Tiirkiye
Tirkiye.

Doc¢. Dr. Ozlem Oztiirk GORUROGLU
Prof. Dr. Akgiin YAMAN Cukurova Universitesi, Tibbi Biyokimya Anabilim
Cukurova Universitesi, Tibbi Mikrobiyoloji Dali, Adana, Tiirkiye.

Anabilim Dal1, Adana, Tiirkiye.
Prof. Dr. Hiiseyin BASKIN
Dog¢. Dr. Ng Peter YIN YUK Dokuz Eyliil Universitesi, Tibbi Mikrobiyoloji
Istanbul Bilgi Universitesi, Miihendislik ve Doga Anabilim Dali, Izmir, Tiirkiye.
Bilimleri Fakiiltesi, Genetik ve Biyomiihendislik
Boliimii, Istanbul, Tiirkiye.




Dr. Lale YEPREM
Bezmialem Universitesi, Rejeneratif Tip Anabilim
Daly, Istanbul, Tiirkiye.

Prof. Dr. Fatih KOKSAL

Cukurova Universitesi, T1p Fakiiltesi Temel T1p
Bilimleri Boliimii, Tibbi Mikrobiyoloji Anabilim
Dali1, Adana, Tiirkiye.

Doc. Dr. Ali BAHADORI
Sarap Tip Fakiiltesi, Tibbi Mikrobiyoloji Anabilim
Dali, Sarap, Iran.

Doc. Dr. Orhan BEDIR
Giilhane Askeri Tip Akademisi, T1bbi
Mikrobiyoloji Anabilim Dali, Anakara, Tiirkiye.

Dr. Ogr. Uyesi Togrul NAGIYEV

Cukurova Universitesi, Abdi Siit¢ii Saglik
Hizmetleri Meslek Yiiksekokulu, Tibbi
Hizmetlerve Teknikler Bolimii, Tibbi
Mikrobiyoloji Anabilim Dali, Adana, Tirkiye.

Prof. Dr. Burcin OZER

Hatay Mustafa Kemal Universitesi, Tayfur Ata
Sokmen Tip Fakiiltesi, Temel Tip Bilimleri
Boliimii, Tibbi Mikrobiyoloji Anabilim Dali, Hatay,
Tirkiye.

Prof. Dr. Mustafa ALTINDIS

Sakarya Universitesi, T1ip Fakiiltesi, Temel T1p
Bilimleri Boliimii, Tibbi Mikrobiyoloji Anabilim
Dali, Sakarya, Tiirkiye.

Prof. Dr. Selcuk KAYA

[zmir Katip Celebi Universitesi, Tip Fakiiltesi,
Temel Tip Bilimleri Béliimi, Tibbi Mikrobiyoloji
Anabilim Dali, izmir, Tiirkiye.

Prof. Dr. Fiigen YARKIN

Cukurova Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Tibbi Mikrobiyoloji Anabilim
Dali, Adana, Tiirkiye.

Prof. Dr. Jamal S. HASIMI
Tahran Tip Bilimleri Universitesi, Parazitoloji ve
Mikoloji Anabilim Dali, Tahran, Iran.

Prof. Dr. Mustafa DEMIRCI
Izmir Katip Celebi Universitesi, Tip Fakiiltesi,
T1bbi Mikrobiyoloji Anabilim Dali, Izmir, Tiirkiye.

Prof. Dr. Nuri KIRAZ

Tekirdag Namik Kemal Universitesi, Tip Fakiiltesi,
Temel T1p Bilimleri Boliimii, Mikrobiyoloji ve
Klinik Mikrobiyoloji Anabilim Dali, Tekirdag,
Tirkiye

Prof. Dr. M.Adil ALLAHVERDIYEV
Y1ldiz Teknik Universitesi, Biyomiihendislik
Boéliimii, Istanbul, Tiirkiye.

Prof. Dr. Funda DOGRUMAN AL

Gazi Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Tibbi Mikrobiyoloji Anabilim
Dali, Ankara, Tiirkiye.

Dog. Dr. Ozlem Aycan KAYA
Mustafa Kemal Universitesi, T1p Fakiiltesi, Tibbi
Parazitoloji Anabilim Dal1, Hatay, Tiirkiye.

Prof. Dr. Tuna DEMIRDAL

[zmir Katip Celebi Universitesi, Tip Fakiiltesi,
Enfeksiyon Hastaliklar1 ve Klinik Mikrobiyoloji
Anabilim Dali, izmir, Tiirkiye.

Dr. Ogr. Uyesi Ayse Seza INAL

Cukurova Universitesi, Tip Fakiiltesi, Dahili
Tip Bilimleri Bolimii, Enfeksiyon Hastaliklari
ve Klinik Mikrobiyoloji Anabilim Dali, Adana,
Tirkiye.

Prof. Dr. Tamer Cevat INAL

Cukurova Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Tibbi Biyokimya Anabilim Dali,
Adana, Tiirkiye.

Dog. Dr. Kemas Tiirker ULUTAS
Antakya Devlet Hastahaneleri, Hastahane Miidiirii,
Hatay, Tiirkiye.

Prof. Dr. Mustafa EMRE

Cukurova Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Biyofizik Anabilim Dali, Adana,
Tiirkiye.




Do¢ Dr. Yusuf Cem KAPLAN
[zmir Katip Celebi Universitesi, T1p Fakiiltesi,
Tibbi Farmakoloji Anabilim Dali, Izmir, Tiirkiye.

Prof. Dr. Baris KARATAS
[zmir Katip Celebi Universitesi, Tip Fakiiltesi,
Tibbi Farmakoloji Anabilim Dali, Izmir, Tiirkiye.

Prof. Dr. Mehmet Ata SECILMIS
Cukurova Universitesi, Tip Fakiiltesi, T1bbi
Farmakoloji Anabilim Dali, Adana, Tiirkiye.

Doc. Dr. Melih Kaan SOZMEN

Izmir Katip Celebi Universitesi, T1p Fakiiltesi,
Dabhili Tip Bilimleri Boliimii, Halk Saglig:
Anabilim Dal1, Izmir, Tiirkiye.

Prof. Dr. Pinar YURDAKUL MESUTOGLU
Istinye Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Mikrobiyoloji ve Klinik
Mikrobiyoloji Anabilim Dali, Istanbul, Tiirkiye

Prof. Dr. Esra KOCOGLU
Istanbul Medeniyet Universitesi, Tibbi
Mikrobiyoloji Anabilim Dali, Istanbul, Tiirkiye.

Dog. Dr. Miige OZGULER

Saglik Boliimleri Universitesi, Elaz1g Fethi Sekin
Sehir Saglik Uygulama ve Arastirma Merkezi, Dahili
Tip Bilimleri Boliimi, Enfeksiyon Hastaliklar
Anabilim Dal1, Elaz1g, Tiirkiye

Dr. Berrin UZUN
Izmir Katip Celebi Universitesi, Tibbi Mikrobiyoloji
Anabilim Dali, izmir, Tiirkiye.

Doc. Dr. Serdar GUNGOR

Usak Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Boliimii, Tibbi Mikrobiyoloji Anabilim
Dal1, Usak, Tiirkiye

Dr. Recep BALIK
Izmir Katip Celebi Universitesi, Izmir Atatiirk
Egitim ve Arastirma Hastahanesi, Izmir, Tiirkiye.

Tletisim Adresi / Institutional Contact Editor
E-Posta / E-mail: erkanyula@gmail.com
Telefon / Phone: +90 (505) 973 60 97

PhD. Berna GUMUS
Ozel Vetlab Laboratuvari, Mikrobiyoloji Anabilim
Dali, Istanbul, Tiirkiye.

Doc. Dr. imran SAGLIK

Bursa Uludag Universitesi, Tip Fakiiltesi, Temel Tip
Bilimleri Bolimi, Tibbi Mikrobiyoloji Anabilim
Dali, Bursa, Tiirkiye.

Dr. Ogr. Uyesi Pinar ETiZ

Cukurova Universitesi, Abdi Siit¢ii Saglik Hizmetleri
Meslek Yiiksekokulu, Tibbi Mikrobiyoloji Anabilim
Dali1, Adana, Tiirkiye.

PhD Student Asiye KARAKULLUKCU

Istanbul Universitesi, Cerrahpasa Tip Fakiiltesi,
Tibbi Mikrobiyoloji Anabilim Dali, Istanbul,
Tiirkiye.

Teknik iletisim / Technical Contact
E-Posta / E-mail: erkanyula@gmail.com
Telefon / Phone: +90 (505) 973 60 97




DANISMA KURULU / ADVISORY BOARD

Uzm. Dr. Miige ASLAN, Osmangazi Universitesi, Tip Fakiiltesi, Tibbi Mikrobiyoloji Anabilim Dals,
Eskisehir, Tiirkiye.

Dog. Dr. Ilhan AVSAR, Izmir Atatiirk Egitim ve Arastirma Hastahanesi, izmir, Tiirkiye.
PhD. Ali BAHADORI, Rab e Rashid Universitesi Koloj1, Tibbi Mikrobiyoloji Anabilim Dali, Teriz, iran

Uzm. Dr. Nurten Giilvardar BARAN, Izmir Katip Celebi Universitesi, Izmir Atatiirk Egitim ve Arastirma
Hastahanesi, Enfeksiyon Hastaliklar1 Boliimii, [zmir, Tiirkiye.

PhD. Vahide BAYRAKAL, Dokuz Eyliil Universitesi, Immiinoloji Anabilim Dali, izmir, Tiirkiye.
Uzm. Dr. Alev DURAN CETIN, Cukurova Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Adana, Tiirkiye

Dog. Dr. Gézde YILDIRIM CETIN, Siit¢ii Imam Universitesi, Dahiliye Anabilim Dali, Kahramanmaras,
Tirkiye.

Uzm. Dr. Giilgin DAGLIOGLU, Cukurova Universitesi, Tibbi Biyokimya Boliimii, Balcali Hastahanesi,
Merkez Laboratuvari, Adana, Tirkiye.

Dog. Dr. Sahin DIREKEL, Giresun Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Giresun, Tiirkiye.

Dr. Ogr. Uyesi Pinar ETIZ, Cukurova Universitesi, Abdi Siit¢ii Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi
Mikrobiyoloji Anabilim Dali, Adana, Tiirkiye.

Uzm. Dr. Aysegiil GOKMEN, izmir Katip Celebi Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, izmir,
Tirkiye.

Dog Dr. Tiilin GUVEN GOKMEN, Cukurova Universitesi, Mikrobiyoloji Anabilim Dal1, Adana , Tiirkiye

Do¢ Dr. Hiiseyin GUDUCUOGLU, Yiiziincii Y1l Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Van,
Tirkiye.

PhD. Berna GUMUS, Ozel Vetlab Laboratuvari, Mikrobiyoloji Anabilim Dal1, Istanbul, Tiirkiye.
Dog. Dr. Hayati Giines, Namik Kemal Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Tekirdag, Tiirkiye.

Uzm. Dr. Serdar GUNGOR, izmir Katip Celebi Universitesi, izmir Atatiirk Egitim ve Arastirma Hastahanesi,
[zmir, Tiirkiye.

Dog. Dr. Melek INCI, Mustafa Kemal Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Hatay, Tiirkiye.
Dog. Dr. Ali KARAKUS, Mustafa Kemal Universitesi, Acil Tip Béliimii, Hatay, Tiirkiye
Dog. Dr. Murat KARAMESE, Kafkas Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Kars, Tiirkiye.

PhD Student Asiye KARAKULLUKCU,Istanbul Universitesi, Cerrahpasa T1p Fakiiltesi, Tibbi Mikrobiyoloji
Anabilim Dali, Istanbul, Tirkiye.

PhD Begiim Kayar, Cukurova Universitesi, Tropikal Hastaliklar Arastirma Uygulama Merkezi, Adana, Tiirkiye.




Uzm. Dr. Esma KEPENEK, Seydisehir Devlet Hastahanesi, Enfeksiyon Hastaliklar1 ve Klinik Mikrobiyoloji,
Konya, Tiirkiye.

Prof. Dr. Esra KOCOGLU, Istanbul Medeniyet Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Istanbul,
Tirkiye.

Dr. Ogr. Uyesi Siimeyra ALKIS KOCTURK, Siit¢ii imam Universitesi, Tibbi Mikrobiyoloji Anabilim Dal,
Kahramanmaras, Tiirkiye.

PhD Roma LEVYTSKY, Nebraska- Lincoln Univeritesi, Biyoloji BSliimii, ABD.
Uzm. Dr. Selim MERDAN, Cukurova Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Adana, Tiirkiye.

Dr. Ogr. Uyesi Salih Atakan NEMLI, Izmir Katip Celebi Universitesi, T1ip Fakiiltesi, Enfeksiyon Hastaliklar1
ve Klinik Mikrobiyoloji Anabilim Dal1, izmir, Tiirkiye.

Uzm. Dr. Duygu OCAL, Diskapr Yildirrm Beyazit Egitim ve Arastirma Hastahanesi, Tibbi Mikrobiyoloji
Anabilim Dal1, Ankara, Tiirkiye.

Uzm. Dr. Rahim OZDEMIR, {zmir Katip Celebi Universitesi, Izmir Atatiirk Egitim ve Arastirma Hastahanesi,
Enfeksiyon Hastaliklar1 Béliimii, Izmir, Tiirkiye.

Uzm. Dr. Miige OZGULER, Elaz1g Kamu Hsstaneler Birligi Genel Sekreteri, Il Enfeksiyon Kontrol Brimi,
Elaz1g, Tiirkiye.

Uzm. Dr. Bayram PEKTAS, Izmir Katip Celebi Universitesi, Izmir Atatiirk Egitim ve Arastirma Hastahanesi,
Tibbi Parazitoloji Anabilim Dali, Izmir, Tiirkiye.

Uzm. Dr. Imran SAGLIK, Akdeniz Universitesi, Tibbi Mikrobiyoloji Anabilim Dal1, Antalya, Tiirkiye.

Uzm. Dr. Mehmet Burak SELEK, GATA Haydarpasa Egitim Hastahanesi, T1ibbi Mikrobiyoloji Anabilim Dali,
Istanbul, Tiirkiye.

Uzm. Dr. Volkan SUBASI, Ozel Dermancan Tip Merkezi, Fiziksel T1p ve Rehabilitasyon Klinigi, Fizik Tedavi
Uzmani, Adana, Tirkiye.

Dog¢. Dr. Hiiseyin TASLI, Ege Universitesi, Eczacilik Fakiiltesi, Farmasétik Mikrobiyoloji Anabilim Dali,
[zmir, Tiirkiye.

Dr. Ogr. Uyesi Tiirkan OZER TOKA, Mevlana Universitesi, Tibbi Mikrobiyoloji Anabilim Dal1, Konya,
Tirkiye.

Dr. Berrin UZUN, izmir Katip Celebi Universitesi, Tibbi Mikrobiyoloji Anabilim Dali, Izmir, Tiirkiye
Dog Dr. Sule YILDIZ, Cukurova Universitesi, Biyokimya Anabilim Dal1, Adana, Tiirkiye.

Dog. Dr. Pinar YURDAKUL,TOBB Ekonomi ve Teknoloji Universitesi, Tibbi Mikrobiyoloji Anabilim Dalx,
Ankara, Tiirkiye

Uzm. Dr. Siireyya Giil YURTSEVER,izmir Katip Celebi Universitesi, Tibbi Mikrobiyoloji Anabilim Dali,
[zmir, Tiirkiye.




Aims and Scope

Journal of Immunology and Clinical Microbiology;

* Increasing scientific research and publication literacy,

*Ensuring the sharing of qualified and original research results in accordance with scientific norms and
scientific ethics,

*In addition, it aims to improve health-related issues globally, to protect and develop public health, to strengthen
the medical profession, to increase awareness of holistic treatments and microbiota, nutrition among health
professionals.

*The journal gives priority to publication of studies on immunology and clinical microbiology.

*The primary target audience of the journal is physicians in all branches.

*Continues its publication life with the aim of developing and strengthening communication on the scientific
platform.

*It is Turkey’s first text and video magazine.

«JICM aims to serve as a free scientific journal in all fields related to immunology, microbiology, rheumatology
and pathogenesis, diagnosis, treatment of infectious diseases and general medicine.

Open Access Policy

Journal of Immunology and Clinical Microbiology is an open access journal, which means that all content is
freely accessible to the user or institution.

Users are permitted to read, download, copy, print, search or link the full text of the articles, or use them for
any other lawful purpose, without prior permission from the publisher or author.

This is in line with the Budapest Open Access Initiative (BOAI).

(https://budapestopenaccessinitiative.org/)

Peer-Review Policy

Double-blind refereeing system is applied in JICM Journal, and studies are sent to at least three referees unaware of
each other.

In the process, none of the authors and referees can have information about the others. Descriptive information about
the author(s) in the work file sent by the author is removed and uploaded to the system only by including it on the cover
page. If this information is forgotten in the full text, this information is removed by the editors and then sent to the
referees.

The studies sent to the journal are evaluated within 15 days at the latest and the author is informed. At the point of
publication of the study, the article may be rejected with the opinion of the journal editor and assistant editors at the
article submission stage.

The time given to the referees for evaluation is 30 days. Referee evaluations are shared with the author in accordance
with the blindness system. Authors are given 4 weeks for minor and major referee suggestions. If the responsible author
of the article is informed three times about the technical correction and spelling rules, if the requested correction is not
made, the article is removed from the evaluation process and this issue is conveyed to the author. becomes the referee
to evaluate.

In all articles that have undergone peer-review, the referee’s opinions are conveyed to the author in accordance with
the double-blind system, whether the article is accepted or rejected. For an article to be accepted for publication, it is
sufficient to receive an “accept” answer from at least two (2) referees. If two of the three referees decide to reject and one
to accept, major or minor revision, the article is rejected. If a referee decides to reject, both major, minor or accept, the
article is sent back to the referees. While responding to the referees on the Dergipark page, the authors are requested to
upload the article revision response letters to the system by specifying these referees in a different color for each referee
and in the relevant correction text.

Instructions for Authors
Writing rules of the journal, announcements about the journal, publication policy, etc. It is
available on our journal’s page and is available at https://dergipark.org.tr/tr/pub/jicm
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Amac¢ Kapsam

Immiinoloji ve Klinik Mikrobiyoloji Dergisi;

*Bilimsel arastirma ve yayin okur yazarligini arttirma,

*Bilimsel normlara ve bilim etigine uygun, nitelikli ve 6zgiin arastirma sonuglarinin paylagilmasini saglama,
*Ayrica, kiiresel anlamda saglikla ilgili konularin iyilestirilmesi, toplum sagligin korunmasi ve gelistirilmesi
ve hekimlik mesleginin gii¢lenmesini, biitiinciil tedaviler ve mikrobiyota, beslenme konularinin saglik
profesyonelleri arasinda bilinirliginin artirilmas1 amaglamaktadir.

*Dergide immiinoloji ve klinik mikrobiyoloji ile ilgili caligmalarin yayimlanmasina oncelik verilmektedir.
*Derginin 6ncelikli hedef kitlesi tiim branslarda hekimlerdir.

*Bilimsel platformda iletisimi gelistirme ve giliglendirme amaci ile yayin hayatini siirdiirmektedir.
*Tiirkiye’nin ilk metin ve video dergisi’dir.

«JICM, immiinoloji, mikrobiyoloji, romatoloji ve patogenez, tani, bulasic hastaliklarin tedavisi ve genel tipla
ilgili tiim alanlarda ticretsiz bilimsel dergi olarak hizmet sunmay1 amaglamaktadir.

Acik Erisim Politikasi

Immiinoloji ve Klinik Mikrobiyoloji Dergisi, tiim igerigi iicretsiz olarak kullaniciya veya kurumuna iicretsiz
olarak erisilebildigi anlamina gelen acik erisimli bir dergidir.

Kullanicilarin, yaymcidan veya yazardan 6nceden izin almaksizin makalelerin tam metinlerini okumasina,
indirmesine, kopyalamasina, yazdirmasina, aramasina veya baglant1 vermesine veya baska herhangi bir yasal
amag i¢in kullanmasina izin verilmektedir.

Bu, Budapeste Acik Erisim Girisimi’ne (BOAI) uygundur.

(https://budapestopenaccessinitiative.org/)

Hakem Degerlendirme Politikas1

JICM Dergisinde ¢ift kor hakemlik sistemi uygulanmakta olup ¢alismalar birbirinden habersiz en az {i¢ hakeme
gonderilir.

Siirecte yazar ve hakemlerden higbirisi digerleri ile ilgili bilgi sahibi olamaz.Yazar tarafindan gonderilen caligma
dosyasindaki yazar(lar) ile ilgili tanimlayict bilgiler ¢ikarilip yalnizca kapak sayfasinda yer verilerek sisteme yiiklenir.
Bu bilgiler tam metin i¢erisinde unutulmus ise editorler tarafindan bu bilgiler ¢ikarilir ve ardindan hakemlere gonderilir.
Dergiye gonderilen ¢aligmalar en geg¢ 15 giin igerisinde 6n degerlendirmeye alinarak yazara bilgilendirme yapilir.
Calismanin yayinlanabilirligi noktasinda makale gonderim asamasinda dergi editor ve editor yardimcilarinin goriisii ile
makale red edilebilir.

Degerlendirme i¢in hakemlere verilen siire 30 giindiir. Hakem degerlendirmeleri korliik sistemine uygun bigimde yazar
ile paylasilir. Minor ve major hakem onerileri i¢in yazarlara 4 hafta siire verilir. Makalenin sorumlu yazarma teknik
diizeltme ve yazim kurallari ile ilgili ii¢ kere bilgi verildigi halde istenilen diizeltme yapilmazsa makalesi degerlendirme
siirecinden ¢ikarilir ve bu konu yazara iletilir. Yayin siirecine kabul edilen makale i¢in belirlenen hakemlerde iki kez
degisiklik yapildiysa boliim editorii iiglincii kez baska bir hakeme gondermeden ilgili makaleyi degerlendirmek icin
hakem olur.

Hakem degerlendirmesine girmis tiim makalelerde hakem goriisleri makale kabul edilse de reddedilse de ¢ift kor sisteme
uygun bicimde yazara iletilir. Bir makalenin yayina kabul edilmesi i¢in en az iki (2) hakemden ‘’kabul’’ cevab1 alinmasi
yeterlidir. Ug hakemden ikisi red biri kabul, major ya da mindr revizyon karar1 verirse, makale red edilir. Bir hakem
red, ikisi major, minodr ya da kabul karar1 verirse, makale tekrar hakemlere gonderilir. Yazarlardan Dergipark sayfasinda
hakemlere yanit verirken her bir hakem i¢in ayri renkte ve ilgili diizeltme metninde bu hakemleri belirterek makale
revizyon cevap mektuplarini sisteme yliklemeleri istenmektedir.

Yazarlar icin Talimatlar
Derginin yazim kurallari, dergi ile ilgili duyurular, yayin politikasi vb.
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Abstract

In order to deliver therapeutic agents to tumour tissues more specifically, the scientific community
has focused a lot of attention recently on unravelling the mystery of cluster of differentiation-44
(CD44). Additionally, drug delivery researchers are interested in using nanomedicines to target this
receptor because of its over-expression in a variety of solid tumors. Conventional nanomedicines
based on biodegradable polymers such as poly (lactide-co-glycolide) (PLGA) are often associated
with insufficient cellular uptake by cancer cells, due to lack of active targeting moiety on their surface.
Therefore, to address this limitation, CD44 targeted PLGA nanomedicines has gained considerable
interest for enhancing the efficacy of chemotherapeutic agents.

We have thoroughly covered the most recent developments in the design and synthesis of CD44-
targeted PLGA nanomedicines in this review, which are being used to enhance tumor-targeted drug
delivery. Additionally, we have talked about employing PLGA-based nanomedicines to co-target
CD44 with additional targeting molecules such folic acid, human epidermal growth factor 2 (HER2),
and monoclonal antibodies. Recent research on poly (lactic-co-glycolic acid) encapsulated platinum
nanoparticles for the treatment of cancer was also covered in this review. We talk about the role
that newly created nanomedicines can play in enhancing the efficacy and PK of existing therapy
regimens. We offer insight into the development of more potent therapeutic regimens to enhance
the clinical outcomes of cancer treatments by explaining the state-of-the-art of nanomedicine and
analyzing their clinical benefits and problems.
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Nano-Medicine For Cancer Chemotherapy

INTRODUCTION

Chemotherapy is the cornerstone of cancer
treatment, which also includes a variety
of surgical techniques, radiotherapy,
antibody therapy, hormone therapy, and
chemotherapy. Cancer is one of the deadliest
diseases (1,2). However, the poor aqueous
solubility of chemotherapy drugs (which
makes them difficult to administer), non-
specific distribution, a limited therapeutic
index, and efflux transporter specificity
(which confers drug resistance in cancer
cells and reduces drug bioavailability) are
the main drawbacks of cancer chemotherapy
(3,4).

Because of their high surface-to-volume
ratios, nanoscale sizes, and desirable
physicochemical properties, nanocarrier-
based delivery systems have attracted a lot
of research attention from scientists looking
for ways to overcome these obstacles. These
systems have the potential to enhance the
therapeutic effects of chemotherapeutic
agents (5,7,8,11). Chemotherapeutic agents
can be delivered to a targeted spot using
nanocarrier drug delivery systems, which
can also change the pharmacokinetics
and tissue bio distribution profile of the
drugs. Additionally, these nanocarriers
can successfully penetrate into cancer cells
by “passive targeting” due to the leaky
vasculature of malignant endothelium cells;
this phenomenon is known as the “Enhanced
Permeation and Retention (EPR)” effect
(12).

To increase the bioavailability and
effectiveness of chemotherapeutic drugs,
numerous types of nanocarriers, including
inorganic nanoparticles (NPs), viral NPs,
lipid-based NPs, and polymer-based NPs,
have been thoroughly investigated. Due
of their biodegradable and biocompatible
characteristics, polymer-based NPs,
particularly those based on PLGA, have
received the most attention among these
nanocarriers (5,7,8). Although polymeric
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nanocarriers showed passive targeting to
tumours, they have a number of drawbacks,
such as the fact that not all cancers can
be targeted with the EPR effect since the
permeability of the blood arteries varies
depending on the kind of tumour (13,14,15).

Due to the expression and presence of
cell surface receptors or epitopes, active
targeting based approach has been used to
overcome these limitations. Nanocarriers
can be attached with affinity ligands such
as antibodies, peptides, aptamers, or small
moieties that bind to only tumour cells
through ligand-receptor interactions. In this
context, the stem-like cell receptor CD44, also
known as H-CAM, Hermes Ag, and human
phagocytic glycoprotein-1, has attracted a
great deal of research attention as a possible
target against a variety of malignancies,
including pancreatic, breast, ovarian,
prostate, colorectal, and neuroblastoma
(16,17). It has been discovered that the
CD44 receptor activates a number of cancer
signalling pathways, including the Pi3K/
Akt, Ras MAPK, and Rho GTPase pathways,
which promotes cancer cell growth,
invasion, and angiogenesis. Drug delivery
experts have therefore concentrated their
considerable emphasis on designing CD44
targeted PLGA formulations to transport the
chemotherapeutic medications specifically
towards tumours, taking into account the
benefits of CD44 receptors as well as PLGA
based formulations (18,19,29). In order to
create CD44-targeted PLGA nanomedicines,
drug delivery researchers have developed
a variety of techniques. However, special
attention has also been paid to the main
effects of these nanomedicines utilised to
boost the effectiveness of chemotherapeutic
drugs. Itis anticipated that this review article
will be helpful in directing future research
efforts and motivating a large number of
researchers to take up difficulties in this
new area of study.
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2. PLGA Based Nano Carriers For Drug
Delivery

Because of its biodegradability (degrades in
vivo into non-toxic lactic acid and glycolic
acid), biocompatibility, and Food and Drug
Administration (FDA) approval for clinical
usage, PLGA has been the material of choice
for drug administration and as scaffolds
in tissue engineering. The PLGA-based
nanocarriers can deliver chemotherapeutic
drugs with prolonged drug release, and
they are easily adaptable to offer stealth and
efficient biological interactions (36,38,42).

Table: 1, PLGA based formulations by the
FDA:

S.no Formulations
1. Arestin®
2. Trelstar®
3. Profact®
4. Decapeptyl®

The significance of PLGA based nanocarriers
in biomedical sciences has been critically
reviewed in several reviews (42) and
therefore detailed discussion in this area is
beyond the scope of this manuscript.

3.CD44 Gene And Protein Structure

The term “CD44” refers to a group of single-
chain, single-pass, and trans-membrane
glycoproteins that are all encoded by a
single, roughly 50 kb-long gene on human
chromosome 11. The CD44 gene has 20
exons, the first five (1-5) and last five (16-
20) of which are constant and expressed in
all isoforms of the protein. Between these
regions, the ten exons (6-15) are subject
to alternative splicing, which produces a
variety of CD44 variants (CD44v), some
of which can be further changed by N- and
O-linked glycosylations (37,54).

The membrane-proximal stem region is
where the 10 core exons, often referred to
as “variant” exons (v1-v10), are excised or
spliced to create different combinations.
Three functional domains make up the
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proteins produced by the CD44 gene: an
extracellular N-terminal domain, a trans
membrane region, and a carboxyl-terminal
cytoplasmic tail (49). (Figure 1) (76).

The CD44 isoform without variant exons, the
standard CD44 (CD44s), is highly expressed
in both normal and tumor cells, whereas
the variant CD44 (CD44v) isoforms are
expressed in a variety of different cancers,
particularly in advanced stages. Among
CD44v isoforms, CD44v6 have shown the
crucial role in cancer progression because
of its ability to bind hepatocyte growth
factor (HGF), osteopontin (OPN), and other
key cytokines which are produced by the
tumor microenvironment. In addition to
this, CD44v2, CD44v3, CD44v5, CD44v9,
CD44v10, and CD44v8-10 have also been
demonstrated to have the important role in
different cancers (28). For example, CD44v9
expression in primary early gastric cancer
is a prognostic marker for recurrence and
the existence of CD44v9-positive circulating
cancer cells is often related with refractory
disease, recurrence, and reduced survival
rates in colorectal cancer (34). The detailed
discussion of CD44 structure has been
described in several reviews (43,76) and a
detailed discussion in this area is beyond the
scope of this manuscript.

The CD44 is the major receptor for
hyaluronan on the cell surface, and the
binding of hyaluronan to CD44 induces
signaling (such as ErbB2, EGFR, PDGFRf3, and
TGF-beta) and leads to tumor progression
(29,43,45). The binding of CD44 to HA is
located on the constant N-terminal part
of CD44 and therefore present on all CD44
isoforms (Cortes-Dericks and Schmid,
2017), However, HA-binding capacity is not
a constant feature of CD44, but it is subject
to complex regulation involving several
mechanisms such as alternative splicing,
modulation of cytoskeletal interaction, and
posttranslational modification of CD44 (43).
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Recently, Vuorio et al. demonstrated three
different types of binding for the CD44-HA
interaction using atomistic MD simulation
data (69). The three binding modes were
named ‘crystallographic, ‘parallel, and
‘upright’ modes. The relative binding affinity
studies demonstrated crystallographic mode
is the strongest among three modes.

4. Therapeutic Strategies For Targeting
Cd44 In Cancer Chemotherapy

The over-expression of CD44 in several
cancers, such as pancreatic, lung, ovarian,
breast, leukemia, etc.,has made ita promising
target for cancer drug delivery (35,). Further,
there is evidence that there is gain in CD44
expression in the breast cancer cells when
they acquired resistance to tamoxifen (27).
Hence, there is need of novel therapeutic
strategies that could selectively target
such cancerous cells which over express
CD44 in order to improve the efficacy of
chemotherapeutic agents.

The strategies which have been commonly
used to target CD44 are the use of (a) HA
oligomers which inhibit the binding of
high molecular weight HA to CD44 (57,62)
(b) anti-CD44 monoclonal antibody and
antibodies against CD44v6 (26); (c) the
use of CD44v6 peptides in order to block
CD44v6-c-Met interaction (41); (d) the use
of CD44v10 aptamers in order to prevent
complex formation with the surface protein
EphA2 (accounts for migratory ability of
cells) (25); (e) enzymatic hydrolysis of HA by
hyaluronidase cleaves high molecular weight
HA into smaller fragments and thus prevents
HA-CD44 interaction (37) and (f) short hair
pin RNA to down regulate the expression
of CD44 (43). These strategies have been
extensively reviewed earlier and therefore,
a comprehensive discussion in this field is
beyond the scope of this manuscript (43,37).
The interaction of CD44 with HA, monoclonal
antibodies, aptamers etc. has been exploited
by drug delivery researchers in order
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to deliver the chemotherapeutic drugs
selectively towards tumor tissues. The CD44
targeting ligands which have been mostly
been used by drug delivery researchers are
described in following sections.

4.1 Hyaluronic Acid

Hyaluronic acid (HA) is a non-toxic, non-
immunogenic, water-soluble and linear
anionic polysaccharide. It is negatively
charged at physiological pH due to the
dissociation of the carboxyl group of
d-glucuronic acid (24,72). At the molecular
level, HA interacts with cell surface receptors
mainly with CD44 and RHAMM (receptor
for hyaluronan mediated motility) and
also with other receptors such as ICAM-1
(Intercellular Adhesion Molecule 1), LYVE-1
(lymphatic vessel endothelium receptor-1).
Due to the capability of HA towards binding
to CD44 receptors, HA-based nanocarriers
have been explored to target CD44-
overexpressing malignant cancer cells
for delivery of chemotherapeutic agents
(50,10). In addition to this, the presence
of multiple reactive functional groups
(hydroxyl and carboxylic acid), HA can be
conjugated with hydrophobic as well as
hydrophilic anticancer agents (10). It has
also been demonstrated that high molecular
weight HA (>200 kDa) is often associated
with a shorter half-life (t1/2) in vivo and
clears from systemic circulation due to HA
receptor for endocytosis present in lung and
liver (32).

4.2 Chondroitin Sulfate

Chondroitin sulfate (Chs), a naturally
present anionic glycosaminoglycan, consists
of repeating unit of a disaccharide having
B-1,4-linked d-glucuronic acid (GlcA) and
B-1,3-linked Nacetyl galactosamine (GalNAc)
sulfated at either 4 or 6 positions. It has
been reported to specifically bind to CD44
receptors and thus facilitates the higher
uptake of nanoparticles inside the cells
(29,77).

68



Nano-Medicine For Cancer Chemotherapy

4.3 Anti-CD44 Antibodies

The use of anti-CD44 antibodies to target and
block the CD44 receptor on cancer cells is
an excellent approach for targeted delivery.
It has been demonstrated that anti-CD44
antibodies can inhibit cancer progression
and ability to induce cell differentiation or
apoptosis in leukemic cells (22,39). These
antibodies can be attached to radioisotopes,
chemotherapeutic drugs, toxins and on to
the surface of the nanoformulations. Based
on this concept, Bivatuzumab (BIWA-4, mAb
against CD44v6) along with microtubule
inhibitor ~mertansine was developed.
However, its phase I trial was disappointing
due to severe skin toxicities were observed
in mertansine conjugates (56).

4.4 Aptamers

Aptamers are small synthetic DNA, RNA or
peptides molecules that bind to specific
protein targets (similar to mAbs), can
easily be attached and decorated on to the
surface of nanocarriers for active targeting
against CD44 (6,46). These aptamers have
advantages over antibodies due to their easy
tagging procedure with various reporters
for molecular recognition, the ability of
directional PCR amplification and low cost
of production (46). In a recent study by
Alshaer et al. conjugated anti-CD44 targeting
aptamer (Aptl) with PEGylated liposomes
using the thiol-maleimide click reaction (6).
Their study demonstrated the conjugation of
anti-CD44 aptamer to the liposome surface
enhanced the selectivity of liposomes in
CD44 over-expressing human lung cancer
cells (A549) and human breast cancer cells
(MDA-MB-231) as compared to non-targeted
liposomes.
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Table: 2Cancer nanomedicines undergoing Phase
I1/11I clinical trials-er nano

Product Active com- NP Trial
ponents size phase
Genexol-PM1 PTX 239 II/IIT
nm
NK-1051 PTX 85 111
nm
NC-6004 Cisplatin 30 /11

nm

LipoplatinTM Cisplatin 110 /11
nm
CriPecl Docetaxel 65 /11
nm
CRLX101 Camptoth- 30 11
ecin nm
NanoTherm Aminosi- 15 I/I1; mar-
lane- coated nm keted in
SPIONs EU
ThermoDox DOX - 1I/111
NBTXR3 Coated haf- 50 II/II1
nium oxide nm
NPs
SGT-53 Human - 11
wild-type
p53 DNA
GEN-1 IL-12 plas- - /1T
mid

5. CD44 targeted poly (lactide-co-
glycolide) nanomedicines

Among various ligands used for CD44
targeting, hyaluronic acid has been the
most commonly exploited to design these
nanomedicines. In this review, we have
categorized the strategies used for designing
CD44 targeted PLGA nanomedicines into
two parts, i.e. (a) hyaluronic acid decorated
PLGA nanocarriers and (ii) miscellaneous
nanocarriers. These strategies are described
in the following sections.

5.1 Hyaluronic Acid Decorated Plga
Nanocarriers

Hyaluronic acid targeted PLGA
nanomedicines encapsulating a number
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of chemotherapeutic drugs have been
developed in order to achieve targeted
delivery towards CD44 over-expressing
cancer cells (Table 1). The hyaluronic
acid can be anchored on to the surface
of PLGA nanocarriers either through
conjugation or electrostatic interactions
(Figure 2b). In electrostatic interactions,
initially, PLGA nanoparticles are prepared
using positive charge surfactants such as
didodecyldimethylammonium bromide
(DMAB), cetyl trimethylammonium bromide
(CTAB) and then functionalized with HA
using its anionic nature (Figure 2c). The
conjugation of CD44 HA with PLGA has been
designed using several linkers such as poly
(ethylene) diamine, 1,4- diaminobutane,
cystamine, adipic dihydrazide etc. (Figure
2d). Some of the linkers used for conjugation
are redox sensitive (e.g, cystamine)
and therefore degraded under a specific
environment and thus provides site-specific
delivery.

5.1.1 Conjugation Based Strategies

The conjugation based approaches have
been widely exploited for CD44 targeted
PLGA nanoparticles. Various HA grafted
PLGA co-block polymers have been
synthesized using different linkers and
formed into nanoparticles using dialysis,
nanoprecipitation or solvent evaporation
methods. For example, Yadav et al.
synthesized hyaluronic acid-poly(ethylene
glycol)- poly(lactide-co-glycolide) (HA-PEG-
PLGA) tri-block copolymer and prepared
doxorubicin (DOX) nanoparticles using
nano precipitation method (74). The poly
(ethylene glycol) di amine was used as a
linker for conjugation of carboxylic group
of HA and PLGA carboxylic group. In vivo
studies in Ehrlich ascites tumor (EAT) tumor
model demonstrated higher accumulation
of DOX in the tumor tissues in case of HA-
PEG-PLGA-DOX nanoparticles as compared
with untargeted nanoparticles and native
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DOX. In another study, 5-Fluorouracil (5-
Fu) nanoparticles were developed using the
similar method (74). In vitro cytotoxicity
studies in EAT cell lines demonstrated
enhanced cytotoxicity of HA-PEG-PLGA-FU
nanoparticles as compared to native 5-FU.
The superior in vitro antitumor efficacy
was also supported by in vivo studies in
EAT tumor model. The HA-PEG-PLGA-FU
nanoparticles suppressed the tumor growth
more significantly (4.6-times) than the
animals treated with native 5- FU in solution.
The enhancement in therapeutic efficacy
was attributed due to target specific delivery
due to HA and enhanced permeation and
retention effect.

Lee et al. synthesized PLGA-grafted HA
copolymers by using the PEG-assisted
solubilization =~ method in anhydrous
dimethyl sulfoxide (DMSO) (29). The
developed co-polymer demonstrated self-
assembly in aqueous solution to form core/
shell type micellar aggregates, and DOX
was entrapped during the self-assembly.
The study demonstrated DOX loaded HA-g-
PLGA nanoparticles enhanced the cellular
uptake and cytotoxicity against HCT-116
cells as compared to native DOX due to over-
expression of the CD44 receptor. Huang et.
al. synthesized a series of PLGA/HA block
copolymers of different molecular weight
using an end to end coupling strategy and
prepared docetaxel (DTX)-loaded self-
assembled NPs (SANPs) using these block
co-polymers (Figure 3) (20). The cellular
uptake studies demonstrated SANPs uptake
in MDA-MB-231 cells was mainly through
CD44-mediated endocytosis via an energy-
dependent endocytic pathway. The in vitro
cytotoxicity studies demonstrated enhanced
cytotoxicity of DTX/SANPs as compare to
native DTX in MDA-MB-231 cells due to over-
expression of CD44 receptors. However, this
difference was insignificant in case of MCF-
7 cell lines due to low expression of CD44.
The in vivo pharmacokinetic studies after
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intravenous injection demonstrated the
longer circulatory behavior of DTX/SANPs as
compare to native DTX. The long circulatory
behavior of the NPs also resulted in superior
in vivo efficacy of DTX/SANPs as compare to
native DTX in MDA-MB-231-bearing female
nude mice.

The PLGA and HA has also been covalently
conjugated using stimuli responsive linkers.
For example, in an investigation hyaluronic
acid-cystamine-polylactic-co-glycolic  acid
(HA-SSPLGA) was synthesized by grafting
PLGA onto HA using the linker molecule
cystamine, a disulfide-based bifunctional
primary amine (19). The disulfide linker acts
as a bio reducible linker and can be broken
by glutathione, which is more concentrated
within the intracellular spacesin cancer cells.
The synthesized co-polymer was used to co-
deliver DOX and cyclopamine (CYC, a primary
inhibitor of the hedgehog signalling pathway
of CSCs) to both CD44-overexpressing breast
CSC subpopulation and bulk breast cancer
cells and permit an on-demand release. The
study demonstrated the dual drugs-loaded
HA-SSPLGA NPs demonstrated enhanced
inhibition to the tumor sphere formation as
compared with untargeted PLGA particles.
In another investigation, HA and PLGA co-
polymer has also been synthesized using
hexa methylene diamine (HMDA) linker
to deliver DOX via formation into self-
assembled micelles (79). The intracellular
uptake studies demonstrated enhanced
cellular uptake in CD44 positive HepG2 cells
due to receptor mediated endocytosis.

Recently, HA-grafted-PLGA copolymer
were synthesized which has the ability to
self assemble in aqueous solution because
of amphiphilic nature and thus resulting in
formation of nanoparticles (21). The dietary
molecule, bromelain was loaded into the
nanoparticles to improve its anti-tumor
efficacy and selective delivery towards CD44
over expressing cancer cells. The cellular
uptake studies demonstrated higher uptake
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of developed NPs towards CD44 over-
expressing MCF-7 cells as compared to A549
cells. Further, the in vivo efficacy studies in
tumor-bearing mice demonstrated that HA
targeted NPs exhibit superior efficacy and
were efficient in suppressing the tumor
growth as compared to native bromelain.

One of the significant limitations faced in
preparation of nanoparticles using his co-
block polymers is the poor solubility of the
synthesized co-polymers in organic solvents.
Therefore, to address this problem, some
researchers, have conjugated the targeting
ligandsafter preparation ofthenanoparticles.
For example, in an investigation, SN-38-
loaded hyaluronic acid (HA)-decorated
poly(lactic-co-glycolic  acid)-polyethylene
glycol (PLGA-PEG) nanoparticles (NPs) for
targeted delivery for ovarian cancer. In this
study, initially, PLGA-PEG co-polymers were
developed and SN-38 loaded nanoparticles
were developed using emulsion-solvent
evaporation method. After preparation
of nanoparticles, HA was conjugated
to the surface of the NPs via EDC/NHS
chemistry. In vitro cellular uptake studies
demonstrated 8 and 16 fold higher uptake
of HA functionalized NPs in CD44-positive
cell lines, SKOV-3 and OVCAR-8, compared
to CD44-negative cells (CHO). The in vitro
cytotoxicity was in also the correlation
with the cellular uptake and for CD-44
over expressing cancer cell lines, targeted
NPs cytotoxicity was significantly higher as
compared to non-targeted NPs. Recently,
we have developed HA-conjugated PLGA-
PEG NPs for delivery of a novel thiotetrazole
analog of 1C87114 (PI3K$ inhibitor) for its
delivery towards CD44 over-expressing
cancer cells (2). The in vitro cytotoxicity and
intracellular uptake studies demonstrated
enhanced cytotoxicity and accumulation of
HA conjugated PLGA-PEG NPs as compared
to PLGA-PEG NPs in high CD44 expressing
MiaPaca-2 cells as compared to MDAMB-
231 and MCF7 cells. The mechanistic studies
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revealed HA conjugated PLGA-PEG NPs
were able to induce premature senescence
with increase in senescence-associated
B-galactosidase activity and senescence
specific marker p21 expression through
modulation of Pi3K/Akt/NF-kB signaling
pathway in MiaPaca-2 cells.

The CD44 targeted PLGA NPs have also been
developed for triple negative breast cancer
(TNBC) therapy. TNBC refers to any breast
cancer that does not express the molecular
markers for progesterone receptor (PR),
estrogen receptor (ER), and human
epidermal growth factor receptor 2 (HER2).
For example, in a recent study, hyaluronic
acid (HA)-decorated polyethylenimine-
poly(D,L-lactide-co-glycolide)  (PEI-PLGA)
nanoparticles were investigated for co-
delivery of DOX and miR-542-3p for TNBC
therapy (63). MiR-542-3p serves as a novel
regulator of the p53 tumor suppressor
molecule and downregulate the expression
of the anti-apoptotic protein surviving
(47,63). The intracellular uptake studies
demonstrated increased the intracellular
fluorescence of both DOX and the FAM
labelled miR-542-3p in MDA-MB-231 cells
as compared to MCF-7 cells because of
20.5-fold overexpression of CD44 in MDA-
MB-231 as compared to MCF-7 cells. The
enhancement in cellular uptake also resulted
in higher cytotoxicity and apoptosis of HA
functionalized nanoparticles as compare
to un-modified nanoparticles. In a recent
study, HA decorated PLGA NPs of paclitaxel
(PTX) by using a novel biocompatible
surfactant vitamin E-oligo(methyl diglycol
L-glutamate) (VEOEG) (65). The terminal
amino groups of VEOEG surfactants allowed
the conjugation of carboxylic group of HA
onto the surface of the developed NPs.
The in vitro cytotoxicity studies in MCF-
7 cells demonstrated PTX- HA-PLGA NPs
have two-fold lower IC50 than taxol due to
CD44 receptor-mediated internalization of
NPs. In vivo pharmacokinetic studies after
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intravenous administration demonstrated
the long circulatory behavior of PTX in the
developed NPs with having half-life of 3.14 h
as compared to native taxol (0.32 h). The in
vivo bio distribution of Cy5- labeled HA-PLGA
NPs in human MCF-7 tumor-bearing nude
mice confirmed that tumor Cy5 fluorescence
was stronger as compared to all the healthy
organs after 48 h intravenous post injection.
These results were also in correlation with
in vivo studies in which PTX loaded HA
PLGA NPs demonstrated superior efficacy
as compared to taxol. In another study by
the similar group, DTX loaded HA-PLGA NPs
were developed to target orthotropic human
lung cancer (65). The results obtained in the
study demonstrated enhanced cytotoxicity
of developed NPs in CD44+ A549 cells and
a prolonged elimination half-life of 4.13 h in
nude mice. Further,; in vivo efficacy studies
also demonstrated superior efficacy of DTX-
loaded HA-PLGA NPs in orthotropic human
A549-Luc lung tumor-bearing nude mice.
The DTX loaded HA-PLGA NPs were also
prepared using vitamin E-SS-oligo(methyl
diglycol L-glutamate) (VE-SS-OEG) which
acts as reductively cleavable surfactant
(RCS) (Figure 4) (65). The in vitro and in vivo
studies demonstrated DTX-loaded redox-
sensitive HA-PLGA NPs possess superior
stability, potent antitumor activity, long
circulation time and enhanced inhibition of
orthotropic human A549-Luc lung tumor in
nude mice as compared to native DTX.

5.1.2 Electrostatic Interaction Strategies

The use of electrostatic interaction strategies
for designing CD44 targeted PLGA nano-
medicines have been described in several
reports. In a recent study, paclitaxel (PTX)
loaded HA decorated PLGA NPs were
developed in order to actively target the
drug to a triple negative breast cancer cells
(18). The positively charged PLGA NPs were
developed using oil-in-water emulsion
methodandincorporatingcetrimide (positive
charge) in the aqueous phase. After removal
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of the organic phase (dichloromethane), HA
modified NPs were developed by surface
charge based interaction with negatively-
charged HA. The in vitro cytotoxicity studies
demonstrated enhanced cytotoxicity of PTX
loaded HA decorated PLGA NPs as compared
to nontargeted NPs in MDA-MB-231 cells
due to receptor mediated internalization of
nanoparticles.

In another investigation, HA coated PLGA
nanoparticles for delivery of artersunate
(ART) for effective delivery towards CD44
over-expressing cancer cells (61). The
positively charged PLGA NPs were developed
using di dodecyl dimethyl ammonium
bromide (DDAB) as cationic surfactant and
thereafter coating it with negatively-charged
HA-based on surface charge interaction. The
study demonstrated ART loaded HA coated
PLGA NPs leads to significant reduction in
cell viability as well as significant induction
of apoptosis in CD44 over expressing cancer
cellsascomparedtoARTloaded PLGANPs.HA
decorated PLGA NPs have also been explored
for the co-delivery of therapeutic agents. For
example, in an investigation DOX and CPT
were co-delivered to inhibit the activity of
topoisomerases Il and [, respectively, thereby
fighting against the cancer stem-like cells
(CSC) drug resistance (77). The HA was used
as a stabilizer instead of poly (vinyl alcohol)
(PVA) in order to achieve targeting effect
towards CD44 over-expressing cancer cells.
The study demonstrated HA coated PLGA
NPs have higher efficacy against both the
prostasphere (prostate cancer cell spheroids
enriched with CSCs) and nanosphere (breast
cancer cell spheroids enriched with CSCs)
cells enriched with CSCs in vitro and CSCs in
human breast tumor in vivo. This superior
efficacy was achieved due to the synergistic
anticancer activities of DOX and CPT as
well as targeting ability of HA. In another
investigation, HA functionalized PLGA NPs
were investigated for the co delivery of
docetaxel (DTX) and tanespimycin (17-
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AAG) using hexadecyl trimethyl ammonium
bromide (CTAB) as a cationic surfactant
(52). The in vitro cytotoxicity studies
demonstrated that the dual delivery of DTX
and 17-AAG in HA decorated PLGA NPs
exhibited synergistic effect in CD44 and
RHAMM (CD168) over-expressing MDA-
MB-231 and SCC-7 cells. Further, the HA
decorated PLGA NPs demonstrated superior
in vivo efficacy than either DTX- or 17-AAG-
loaded HA-PLGA NPs in SCC-7 tumor
xenograft mouse model.

Recently, HA decorated PLGA NPs for the
co-delivery of salinomycin (SLM) and
paclitaxel (PTX) were developed using di
dodecyl trimethyl ammonium bromide
(DMAB) as a cationic surfactant (48). The
in vitro cytotoxicity studies in MCF-7 cells
demonstrated that combination of HA coated
SLM NPs and PTX NPs were more potent
than their native solutions. Further, the
pharmacokinetic parameters demonstrated
improved bioavailability of both the drugs
from NPs and confirming their longer
circulation periods. Xiao et al. developed
HA-decorated PLGA NPs for co-delivery of
camptothecin (CPT) and curcumin (CUR) for
colon cancer-targeting capability (68). The
HA was coated onto the surface of the NPs
by surface decoration of chitosan (cationic
polymer) and thereafter coating the NPs
with negatively charged HA (Figure 5). The
study demonstrated HA-CPT/CUR PLGA NPs
had excellent colon cancer cell-targeting
ability and exhibited synergistic effects
against Colon-26 cells.

5.2 Miscellaneous Nanocarriers

As described earlier, use of anti-CD44
antibodies to target and block the CD44
receptor on cancer cells has been an
excellent approach for targeted delivery.
Considering this fact, CD44 monoclonal
antibody decorated PLGA nanoparticles
were investigated for cisplatin delivery.
The NPs were developed encapsulating
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cisplatin in maleimide-polyethylene glycol-
Poly(d,l-lactic-coglycolide) = nanoparticles
and thereafter conjugating the surface of
NPs with the CD44 monoclonal antibody
(19). The in vitro cytotoxicity studies in
CP70 and SKOV-3 cells demonstrated better
anti-proliferative ability of cis-encapsulating
CD44-PEG-PLGA NPs as compared to free
form of cisplatin and PLGA NPs without CD44
conjugation. In recent years, gene therapy
has gained considerable attention in cancer
chemotherapy due to its ability to silence the
expressions of functionally relevant tumor
genes (51).

There are several genes which are expressed
abnormally in cancer, and co-targeting two or
more relevant tumor-associated genes may
be an effective strategy than targeting the
single gene alone. Considering these facts,
Zou et al. prepared PLGA NPs for delivery
of short hairpin RNA (shRNA) against focal
adhesion kinase (FAK) and CD44.FAK (a 125-
kDa non-receptor protein tyrosine kinase),
is an important mediator of growth-factor
signaling, proliferation, migration, invasion
and prominent role in angiogenesis (55).
The study demonstrated that knockdown of
both FAK and CD44 resulted in tumors with
inhibited angiogenesis, reduced proliferation
and increased apoptosis against ovarian
cancer as compared with knockdown of
either gene individually.

5.3 Co-targeting of CD44 Based PLGA
Nanomedicines

The co-targeting of CD44 with other targeting
ligand has emerged as potential strategy
to increase differentiation between cancer
and normal cells and may be exploited to
deliver the chemotherapeutic agents more
selectively to cancer cells (29,53,60). In a
recent study, Qiao et al. dual targeted PLGA-
PEG nanoparticles by conjugating hyaluronic
acid (HA) and grafting the doublecortin-like
kinase 1 (DCLK1) monoclonal antibody
on to their surface (71). The developed
NPs have ability to specifically target CD44
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receptors and the DCLK1 surface marker,
which has ability to distinguish between
cancer stem cells (CSCSs) and normal stem
cells (NSCs). The in vivo studies in nude mice
bearing 4T1 tumors increase in amount
of red fluorescence after 12 h at the tumor
site in rhodamine loaded DCLK1-HA-PEG-
PLGA NPs as compared to untargeted PEG-
PLGA NPs after intravenous injection. In
another study, Yang et al. developed dual-
targeting hybrid nanoparticle (NP) system
to deliver SN38 agent specifically to human
solid gastric cancer (GC) which have high
expression of both human epidermal
growth factor receptor 2 (HER2) and cluster
determinant 44 (CD44). The hybrid PLGA
NPs were prepared by conjugating the anti-
Her2/neu AHNP peptide (FCDGFYACYKDV)
and n-hexadecylamine (HDA) to the carboxyl
groups of hyaluronic acid (HA) (Figure 6).
The in vitro cytotoxicity studies revealed
that the dual-targeting hybrid NPs could
down-regulate the expression of both CD44
and HER2, and thereby hamper the relative
signaling cascades and ultimately result
in better inhibition of HGC27 cells (gastric
cancer cells) growth and invasive activity.
Further, in vivo studies in HGC27 tumor
xenografted in nude mice demonstrated
superior efficacy of the targeted NPs as
compared to un-targeted NPs and irinotecan
(CPT-11).
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Table: 3 Clinically approved cancer nano-medicines y approved cancer nano-medicines

Product Drug Carrier components SI\iIzPe Manufacturer ~ Approved (year) Ref.
Doxill . FDA (1995);
DOX Liposome: HSPC, cholesterol, 80-90 Johnson & a7
mPEG-DSPE (3:1:1 weight ratio) nm Johnson EMA (1996, as
Caelyx)
Liposome: phosphatidylcholine,
Myocetl DOX cholesterol (55:45 molar ratio) 150nm Teva EMA (2000) (78,79)
R FDA (2005);
Abraxanel PTX Human serum albumin NPs 130nm Abra>'cls Bio (80)
(nab-PTX) Science EMA (2009)
Mifamurtide
Mepactl Liposome: POPC, OOPS . TakedaPhar- 5y 5009 @81)
maceutical
Maraibol Vineristine sulfate Liposome: sphingomyelin, choles- 1150m Talon Thera- FDA (2012) (82)
q terol (58:42 molar ratio) peutics
Liposome: DSPC, cholesterol,
Irinotecan mPEG-DSPE (3:2:0.015 molar Merrimack FDA (2015);
Onivydel ratio) 110nm  Pharmaceu- (83)
ticals EMA (2016)
Vyxeos] Cytarabm_e_ aer Liposome: DSPC, DSPG, cholester- Jazz Pharma- FDA (2017);
(CPX-351) daunorubicin  (5:1 ol (7:2:1 molar ratio) 100nm ceuticals (84)
molar ratio) - EMA (2018)
Micelle:twoisoformsof N-reti- 20- Oasmia Phar-
Apealeal PTX noyl-L-cysteic acid methylesterso- . EMA (2018) (85)
. 30nm maceutical
diumsalt
6. Conclusion and Outlook shown in  preclinical studies to
However, one of the biggest challenges in alter the stability, toxicity,

pharmacokinetic and pharmacodynamic
outcomes of chemotherapeutic agents.

cancerchemotherapyisimprovingthetumor-
specific targeting of nanopharmaceuticals.

In this review, we summarized recent
developments in CD44-targeted
PLGA nanopharmaceuticals to enhance the
therapeutic efficacy of the
chemotherapeutic agents provided.
However, some aspects should be taken
into consideration when designing CD44
targeted PLGA  nanopharmaceuticals.
The preclinical results of the studies
demonstrated  superior  efficacy  of
PLGA nanoformulations targeting
CD44 compared to parent drugs.
In vitro cell uptake studies performed
usingtheinclusion of fluorescentdyessuchas
coumarin-6, FITC demonstrated NP receptor
mediated internalization. It is also worth
pointing out that CD44 expression
varies between cell lines and therefore these
criteria should be considered When
designing experiments. Additionally, the
developed nanoformulations have been
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However, most of the developed CD44-
targeted PLGA nanoparticles
have been studied using HA
and therefore future perspectives should
focus on comparing hyaluronic acid
strategies with other targeting ligands
used to targeting CD44. Furthermore,
great importance should be placed
on the mechanistic understanding of
the complexity of CD44 variants and their
interactions with targeting ligands in order
to develop highly specific targeted therapies.
It should also be noted that some of the
delivery systems targeting CD44, such
as irinotecan HA for the treatment of
metastatic colorectal cancer (CRC), have
reached clinical trials (73). Therefore, these
criteria should be considered when
preparing anti-CD44 nano-medicines.

Poly (lactic-co-glycolic acid) encapsulated
platinum nanoparticles for cancer treatment
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Table: 4 Summary of hyaluronic acid decorated PLGA nanoparticles for delivery of chemotherapeutic agents-

Chemotherapeutic Method of Cell lines Key outcome Ref.
agent preparation
5-Fluorouracil Nanoprecipitation EAT In vitro and in vivo studies demonstrated  (63)
that HA

conjugated NPs exert enhanced activity
as compare to nontargeted

NPs.
Doxorubicin Dialysis MCF7, HA functionalized NPs enhanced both (64)
drug uptake and cytotoxicity in MDA-
MDA-MB- MB-231 cells as compare to MCF-7 cells.
231
Dialysis HCT-116 HA-g-PLGA micelle NPs demonstrated (65)
enhanced cellular uptake and higher
cytotoxicity.
Nanoprecipitation EAT In vivo antitumor efficacy studies demon-  (67)
strated HA
functionalized NPs delivered a higher
amount of DOX as
compare to un-functionalized NPs.
Single emulsion solvent HUVEC, DCLK1-HA-PEG-PLGA NPs demonstrat- (69)
ed targeting
evaporation 4T1
effect toward CSCs both in vitro and in
vivo.
SN-38 Single emulsion solvent SKOV-3, In vitro cytotoxicity demonstrated en- (68)
) hanced cytotoxicity of PLGA-PEG-HA NPs
Evaporation OVCAR-8, in CD44 over-expressing cancer
CHO cells as compare to non targeted NPs.
Emulsification HGC27 Cellular uptake and in vivo biodistribu- (72)
tion studies
demonstrated the enhanced uptake and
prolonged in vivo
circulation of targeted NPs as compare to
non targeted
NPs.
Docetaxel Dialysis MCF7, In vitro and in vivo efficacy studies (74)
demonstrated superior
MDA-MB-
efficacy of HA NPs in CD44 over-express-
231 ing MDA-MB-
231 cells as compare to native DTX.
Nanoprecipitation A549 HA coated NPs enhanced cytotoxicity and  (75)
prolonged
elimination half-life as compare to native
drug.
Nanoprecipitation A549 DTX-rHP NPs exhibited enhanced antitu-  (77)

mor activity

towards CD44 overexpressing A549 lung
cancer cells

Paclitaxel Single emulsion solvent MDA-MB- HA coated PLGA NPs enhanced the cellu-  (77)
lar uptake and

evaporation 231
cytotoxicity as compare to non-coated
PLGA NPs.
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Table: 4 Summary of hyaluronic acid decorated PLGA nanoparticles for delivery of chemotherapeutic agents-

Chemotherapeutic Method of Cell lines Key outcome Ref.
agent preparation
Nanoprecipitation MCF-7, HA decorated PLGA NPs demonstrated (78)
superior in vitro
L929,
and in vivo efficacy as compared to taxol.
U87MG
Bromelain Double emulsion EAC HA functionalized NPs demonstrated (80)
enhanced cellular
solvent evaporation
uptake and cytotoxicity is high CD44
expressing cells as
compared to non-targeted NPs
TTQ Single emulsion solvent MCF7, TTQ loaded HA conjugated PLGA NPs (81)
significantly
evaporation MDA-MB-
enhanced cellular uptake and cytotoxicity
231, in CD44 overexpressing
MiaPaca-2 MiaPaca-2 cells.
ART Solvent evaporation SCC-7, ART loaded PLGA/HA NPs leads to signif-  (82)
icant reduction
technique MCF-7
in cell viability as well as greater induc-
tion of apoptosis in
CD44 over-expressing cancer cells.
Cisplatin Double emulsion SKOV-3 HA conjugated PLGA nanoparticles (83)
demonstrated
solvent evaporation
superior in vitro and in vivo efficacy as
compared to
cisplatin.
Doxorubicin,irino- Double emulsion MDA-MB- HA functionalized NPs demonstrated (84)
tecan higher efficacy
solvent evaporation 231, PC-3
against both the prostasphere and mam-
mosphere cells enriched with CSCs in
vitro and CSCs in human breast
tumor in vivo.
Docetaxel, Single emulsion solvent MCF7, In vitro cytotoxicity studies demonstrat- (84)
ed that the
tanespimycin evaporation MDA-MB-
combined use of DTX and 17-AAG ata
231, 5CC- molar ratio of 2:1
7 cells exhibited synergistic effect.
Salinomycin, Emulsion solvent MCF7, In vitro cytotoxicity studies demonstrat- (84)
Paclitaxel ed that
diffusion MDA-MB-
combination of HA coated SLM NPs and
231
PTX NPs were
more potent than individual drug loaded
NPs.
Doxorubicin, Double emulsion MCF7, Dual drugs-loaded HA-SS-PLGA NPs (81)
demonstrated
Cyclopamine solvent evaporation MDA-MB-
enhanced inhibition to the tumor sphere
231 formation as
compare with drug-loaded PLGA parti-
cles.
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Table: 4 Summary of hyaluronic acid decorated PLGA nanoparticles for delivery of chemotherapeutic agents-

Chemotherapeutic Method of Cell lines Key outcome Ref.
agent preparation
Camptothecin, Single emulsion solvent Colon-26 Cellular uptake experiments demonstrat-  (82)
ed HA decorated
Curcumin evaporation
NPs enhanced cellular uptake in colon
cancer cell line as
compare to un-targeted NPs.
GA, TRAIL plasmid Dialysis Dual drugs-loaded NPs significantly en- (85)
hanced apoptotic
MDA-MB-
cell death in vitro and inhibited TNBC
231,4T1 tumor growth in
vivo.
DISCUSSION Financial Support

These results are consistent with other
publishedstudiesshowinganticanceractivity
of Pt-NPs1, 20 and no toxicity in healthy
cells.10,19 To increase cellular uptake of
Pt-NPs, a targeted PLGA particle delivery
system was used.

To achieve passive and active targeting of
the particles, surface modifications were
performed, producing two different sets
of particles: Pt-PLGA-PEG (PEGylated)
and Pt-PLGA-PEG-EGFR (conjugated with
EGFR antibody).

Cellular experiments were performed with
both sets of particles against TNBC and
showed more cell death with Pt-PLGA-PEG-
EGFR than with Pt-PLGA-PEG, confirming
cell targeting by the antibody.

When comparing Pt-PLGA-PEG-
EGFR particles with free PtNPs, a more
potent  anticancer effect of free
PtNPs was observed, possibly due to the
time required to release PtNPs from PLGA
for Pt-PLGA-PEG-EGFR particles
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