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ABSTRACT

Febrile seizures (FS) are the most common seizures in childhood. In
most studies, iron deficiency was associated with FS, whereas serum
calcium (Ca) levels were contradictory. This study evaluated the
relationships of erythrocyte indices, serum Ca levels, and related
factors among children with FS. Prospectively, patients aged six
months to five years were included in the complex FS (n=23), simple
FS (n=22) and febrile without seizure groups (n=25). Patients with
central nervous system infection, previous afebrile seizures, or
chronic drug use were excluded. Total and ionized Ca, inorganic
phosphate, vitamin D levels, erythrocyte count and indices,
hemoglobin, hematocrit, pH, bicarbonate and lactate levels in blood
were examined. The cutoff values of variables discriminating
between the FS and control groups were established through receiver
operating characteristic analysis. In the complex FS group, Ca and
mean corpuscular hemoglobin concentration (MCHC) levels were
lower than those in the control group (p=0.004 for both) and albumin
levels were lower than those in the simple FS group (p=0.02). Ca
levels were positively correlated with MCHC (r=0.252, p=0.039). In
the FS group, the proportions of MCHC<34.1 g/dL, Ca<9.9 mg/dL,
ionized Ca<1.27 mmol/L and pH<7.38 were more frequent
(p=0.003, p=0.005, p=0.044 and p=0.035 respectively). Lower Ca
and MCHC levels were associated with FS. The positive correlation
between Ca and MCHC levels indicates a common pathogenetic
mechanism. To our knowledge, the increased proportion of patients
with low blood pH level in FS is a novel finding.

Keywords: Blood pH, Calcium, Febrile seizure, MCHC, Vitamin D

OZET

Febril konviilziyonlar (FK), ¢ocukluk ¢aginin en sik nobetleridir.
Cogu c¢alismada, FK ile demir eksikligi arasinda iliski bulunurken
serum kalsiyum (Ca) diizeylerine iliskin sonuglar geliskilidir. Bu
caligmada, eritrosit indeksleri, serum Ca diizeyleri ve bunu
etkileyebilecek faktorlerin - FK’daki tutulumu incelenmistir.
Prospektif olarak, alt1 ay-bes yas arasi hastalar komplike FK (n=23),
basit FK (n=22) ve nobet olmaksizin atesli kontrol grubuna (n=25)
alindi. Merkezi sinir sistemi enfeksiyonu, afebril ndbet oykiisii ve
kronik ila¢ kullanim1 olanlar dislandi. Serumda total ve iyonize Ca,
inorganik fosfat, D vitamin diizeyleri, kanda eritrosit sayis1 ve
indeksleri, hemoglobin, hematokrit, pH, bikarbonat ve laktat
diizeyleri incelendi. FK ve kontrol grubu ayriminda verilerin optimal
kesme degerlerinin belirlenmesinde ‘alici ¢aligma karakteristigi’
analizi kullanildi. Komplike FK grubunda Ca ve ortalama
korpiiskiiler hemoglobin konsantrasyonu (MCHC) diizeyi kontrol
grubuna gore diisiik (her ikisi i¢in p=0.004), albiimin diizeyi basit
FK grubuna gore diisiiktii (p=0.02). Ca ve MCHC diizeyleri arasinda
pozitif korelasyon saptand: (r=0.252, p=0.039). FK grubunda,
MCHC<34.1 g/dL, Ca<9.9 mg/dL, iyonize Ca<1.27 mmol/L ve
pH<7.38 olanlarin orani daha sikti (sirasiyla p=0.003, p=0.005,
p=0.044 ve p=0035). Kalsiyum ve MCHC diizeylerinin diigiikliigii
ile FK arasinda anlamli iligki saptandi. Kalsiyum ve MCHC
diizeyleri arasindaki anlaml pozitif korelasyon, bu bulgularin ortak
patogenetik mekanizmasi olabilecegini diisiindiirmektedir. Kan pH
seviyesi diigikk olanlarin oranindaki anlamli artig, bildigimiz
kadariyla FK ile iliskili yeni bir bulgudur.

Anahtar Kelimeler: D vitamini, Febril konviilziyon, Kalsiyum,
Kan pH, MCHC
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INTRODUCTION

Febrile seizures (FS) are the most common seizures in

childhood, observed in 2-5% of children between 6
months and 5 years of age.! FSs are usually associated
with viral infections. This definition excludes febrile
seizures in patients who have previously experienced
afebrile seizures, seizures linked to metabolic disorders,
and central nervous system (CNS) infections.? FS is
classified into two groups according to clinical features:
simple and complex. Simple FS includes generalized,
single seizures lasting less than 15 minutes. Febrile
seizures lasting >15 minutes, with focal features, or
recurrence within 24 hours are referred to as complex
FS. Although most FSs end spontaneously with no long-
term consequences, complex FS or those with a family
history of epilepsy are at risk of developing epilepsy or
afebrile seizures in the future. The complete
pathophysiology of FS is unclear. However, genetic
predisposition and environmental factors, such as viral
infections, can trigger FSs.? The genetic background of
FS is associated with the regulation of various
processes. These include individual and familial
susceptibility, immune response modulation, neuronal
excitability, and interactions with exogenous agents,
such as viruses.®

Calcium (Ca) plays a role in many physiological
processes, including nerve impulse transmission.* There
is a negative relationship between extracellular Ca and
neuronal excitability.® More than 99% of the Ca in the
body is stored in bone. Complex interactions with
different actors finely regulate non-osseous Ca. Forty
percent of Ca in the blood is free or ionized, fifty percent
is bound to proteins, and 10 percent is ionic-bound
(complexes of calcium oxalate, carbonate, and
phosphate).* lonized Ca is the most important element
in nerve impulses and transmission.® Calcium is mainly
bound to albumin, and albumin levels can influence
ionized Ca levels. Blood pH can affect Ca-albumin
complexes. Changes in serum lactate levels can also
affect ionized Ca levels because they can alter pH and
bicarbonate (HCOs) levels.* Vitamin D is an important
factor affecting Ca metabolism. Vitamin D deficiency
decreases serum Ca levels because of decreased Ca
absorption from the intestinal lumen.” However, studies
assessing Ca levels in patients with FS have reported
conflicting results. In addition to studies showing lower
calcium levels than in the control group, some reported
no difference in calcium levels.®8!
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Serum iron and ferritin levels were also reported to be
lower, and iron deficiency anemia (IDA) was more
common in patients with FS.%? Iron deficiency (ID) is
associated with FS but not with other seizures. The
mechanism underlying this association is unknown, but
it may be likely due to iron’s impact on immune
response capacity through immune cell differentiation
and growth, thus affecting cytokine activity and cell-
mediated pathways.*® IDA is a hypochromic, microcytic
anemia. The evaluation of the complete blood count is
one of the most important diagnostic steps,
demonstrating low values of hemoglobin (Hb),
hematocrit (Hct), erythrocyte count, mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin
concentration (MCHC), and a high value of red cell
distribution width (RDW).%

Although some studies have evaluated the relationship
of FS with iron and Ca metabolism, it is unknown
whether there is a relationship between Ca metabolism
and iron deficiency in FS patients. This case—control
study was performed to determine the association
between serum Ca levels, erythrocyte indices, and
related factors and whether there is any relationship
between Ca levels and erythrocyte indices in patients
with FS.

METHODS

Ethical approval and study population

The prospective study was initiated after receiving
approval from the local ethics committee. The study
protocol was approved by the Local Ethics Committee
of Karadeniz Technical University (Protocol Number:
2019/57). Written consent from each participant's
parents was obtained. The study cohort included
21 patients in the simple FS (SFS) and 22 patients in the
complex FS (CFS) groups. The control group comprised
25 patients with fever without seizures. FS patients aged
six months to five years who presented to the emergency
room were selected randomly for one year, considering
seasonal distribution. Given that complex FS is less
prevalent (20-35% of all FS)™, the age and gender of
the SFS group were matched to those of the CFS group.
The febrile control group comprised patients who
presented to the emergency room during the same
period as the FS group, considering age and gender
distribution in the FS groups. Those with CNS infection
or a previous afebrile seizure or conditions such as
electrolyte disturbances, hypoglycemia, head trauma
that could lead to seizures, other systemic diseases,



serious infections such as bronchopneumonia and
sepsis, and chronic drug usage were excluded from the
study.

Data acquisition

Age, gender, seizure duration in FS groups, whether
seizure continued or not on admission to the emergency
department, seizure characteristics, recurrence within
24 hours, previous FS number, family history of FS, and
epilepsy were questioned and collected using standard
case report forms.

All blood samples were collected immediately after
presentation to the emergency department. Erythrocyte
count, Hb, Hct, MCV, MCH, MCHC, and RDW levels
were studied in whole blood taken in ethylene diamine
tetraacetic acid (EDTA) tubes within the first 20
minutes by cell counter; ionized Ca, pH, HCOgs, and
lactate levels in heparinized whole blood were studied
within the first 30 minutes by potentiometric-
photometric method; total Ca, inorganic phosphate (Pi),
and aspartate transaminase (AST) levels were studied in
serum within the first 1 hour by spectrophotometric
method; and vitamin D (25-OH vitamin D3) levels in
EDTA plasma kept at -20 °C for one week were studied
by high-performance liquid chromatography. Based on
laboratory reference values, the lower limits were
determined as 8.8 mg/dL for total Ca, 1.15 mmol/L for
ionized Ca, 35 g/L for albumin, 7.35 for pH, and 20 pg/L
for vitamin D. The upper limit levels were 4.5 mg/dL
for Pi and 17 mg/dL for lactate. Hb<11 g/dL was
considered low, given the typical range for this age
group.

Statistical analysis

Continuous data were expressed as mean+tstandard
deviation (SD), and categorical data were expressed as
numbers (n) and percentages. The Kolmogorov-
Smirnov test was used to assess the normality of the
distribution. The normally distributed data were
compared using ANOVA and post-hoc Tukey or
Tamhane tests, with consideration of homogeneity. The
Kruskal-Wallis and Mann-Whitney U tests were used
as nonparametric tests. In the Kruskal-Wallis test, p
values were adjusted using the Bonferroni method for
multiple-test correction. Categorical variables were
evaluated using Pearson’s chi-square test or Fisher’s
exact test, as appropriate. Depending on whether the
distribution was normal, Pearson’s or Spearman’s
correlation analysis was used to assess the relationships
between continuous variables. Receiver operating
characteristic (ROC) curve analysis was used to
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determine the cutoff values of continuous variables that
discriminated between the control and FS groups, as
well as the levels of sensitivity and specificity. The
Youden index was used to determine the optimal cutoff
value. Logistic regression analysis was performed to
identify risk factors for FS. In multivariable analysis, the
backward stepwise method was used to examine
variables that demonstrated statistical significance in
univariable analysis. The level of statistical significance
was accepted as p<0.05.

RESULTS

General findings and characteristics of seizures

In the SFS group, 21 patients (14 males, 7 females) had
a mean age of 26.2+14.3 months; in the CFS group, 22
patients (14 males, 8 females) had a mean age of
24.4+14 months; and in the febrile control group, 25
patients (13 males, 12 females) had a mean age of
26.7+16.6 months. The age and sex distributions of the
patients did not show any statistically significant
difference (p=0.746, p=0.555, respectively) (Table 1).
The seasonal distribution was grouped into two periods,
winter-spring and summer-autumn, considering that
serum vitamin D levels may vary. No significant
difference between the groups was observed in the
seasonal distribution (p=0.314). Upper respiratory tract
infections (URTISs), including tonsillitis, were the most
common infections, accounting for 82.3% of cases.
Other infections included acute gastroenteritis (n=6),
acute otitis media (n=2), urinary tract infection (n=2),
and bronchiolitis (n=1). The distribution of URTIs and
other infections was similar between the FS and control
groups (p=0.127, Fisher exact test).

Focal seizures were observed in two patients in the CFS
group. The total number of seizures, proportions of
patients with first FS, ongoing seizures at admission,
and family history of FS and epilepsy were not different
between the SFS and CFS groups (Table 1). In the CFS
group, seizures lasting >5 min were more frequent
(p=0.012), and the proportion of those who had seizures
recurred within 24 h was 68.2% (Table 1).

Calcium levels in six patients (9%), ionized Ca levels in
three (6.5%), vitamin D levels in 17 (32.7%), albumin
levels in three (7.3%), pH levels in 14 patients (28.6%),
and Hb levels in 21 patients (31.3%) were below normal
levels, and lactate levels in 15 patients (42.9%) were
higher than normal levels.

Comparison of groups

Calcium, MCHC, and albumin levels differed between
the groups (Table 1). In post-hoc analyses, Ca and



MCHC values were lower in the CFS group than in the
control group (p=0.004 for both, post-hoc Tukey and
Mann-Whitney U test, respectively); there was no
difference with the SFS group (p=0.203, p=0.398,
respectively). Albumin levels were lower in the CFS

group than in the SFS group (p=0.02, post-hoc
Tambhane’s test) (Table 1).

The distribution of patients with abnormal laboratory
values did not show a significant difference between the
groups (p>0.05 for all).

Table 1. Comparison of data between the simple and complex FS and control groups

Variables (mean = SD) Control SFS Group CFS Group p-value
(n=25) (n=21) (n=22)

Comparison of continuous variables
Age (months) 26.7£16.6 26.2+14.3 24.4+14 0.7462
Sex (M/F) 13/12 1477 14/8 0.555°
Admission in winter-spring 10/25 (60) 8/21 (38.1) 10/22 (45.5) 0.314°
Ca (mg/dL) 9.8+0.6 9.6+0.4 9.3+0.5 0.005
Pi (mg/dL) 4.6x1 4.7+0.8 4.6 £1.1 0.905
Vitamin D (ng/L) 26+9.5 23.1+13.7 24.5+10.3 0.6102
AST (U/L) 44.1+13.4 42.4+11.5 42.1+13.6 0.890
Albumin (g/L) 41.1+£2.3 423422 39.444 0.011
Erythrocyte count ( x 108/uL) 4.27+0.37 4.45+0.34 4.36+0.36 0.267
Hb (g/dL) 11.6+1.1 11.6+0.9 11.3+0.6 0.355
Hect (%) 33.842.5 34.7+2.4 33.9+1.7 0.520?
MCV (fL) 78.9+4.9 78+3.6 78.1+5.4 0.9432
MCH (pg) 27422 26.2+1.7 25.942.2 0.2732
MCHC (g/dL) 34.1+1.1 33.5+1.2 33.2+41.1 0.045?
RDW (%) 13.4+1 13.5£1.5 13.5+1.4 0.999?
pH 7.4+0.04 7.35+0.08 7.36+0.08 0.157
HCO3; (mmol/L) 22+1.7 20.5+£2.5 21.4£1.7 0.120
lonized Ca (mmol/L) 1.34+0.19 1.2740.07 1.24+0.08 0.133?
Lactate (mg/dL) 156 21.9£10.8 18.6+£9.9 0.251

Seizure-related findings (n/total, %)
Total FS number 2.4+1.4 1.7+1 0.063°¢
Focal seizures (n/total) 0/21 (0) 2/22 (9.1) 0.256¢
First FS (n/total) 8/21 (38.1) 13/22 (59.1) 0.169°
Seizure duration > 5 min 3/21 (14.3) 11/22 (50) 0.012°
FS recurrence within 24 h 0/21 (0) 15/22 (68.2) <0.001°
Ongoing seizure on admission 1/21 (4.8) 5122 (22.7) 0.103¢
Family history of FS 11/21 (52.4) 12/22 (54.5) 0.887"
Family history of epilepsy 5/21 (23.8) 5/22 (22.7) 0.608¢

Findings associated with cutoff points (n/total, %) FS Group
MCHC <34.1 g/dL 8/25 (32) 29/42 (69) 0.003°
Ca <9.9 mg/dL 12/25 (48) 34/42 (81) 0.005°
lonized Ca <1.27 mmol/L 3/12 (25) 20/34 (58.8) 0.044°
pH <7.38 2/12 (16.7) 19/37 (51.4) 0.035°
Lactate >20 mg/dL 1/10 (10) 10/25 (40) 0.089¢
HCO3 <22.6 mmol/L 4/12 (33.3) 22/37 (59.5) 0.115°

AST: aspartate transferase, Ca: calcium, CFS: complex febrile seizure, FS: febrile seizure, Hb: hemoglobin, HCO3': bicarbonate, Hct: hematocrit,
MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV: mean corpuscular volume, Pi: inorganic
phosphate, RDW: red blood cell distribution width, SD: standard deviation, SFS: simple febrile seizure. Statistical tests: @ Kruskal-Wallis, °
Pearson’s chi-square test, ¢ Mann—-Whitney U test, ¢ Fisher’s exact test, and one-way ANOVA for other tests.

ROC and logistic regression analysis results

In the ROC analysis, area under the ROC curve (AUC)
values were statistically significant for MCHC and Ca
levels, and cut-off wvalues were calculated as

MCHC<34.1 g/dL and Ca<9.9 mg/dL. AUCs were
>0.634 in the larger values for lactate levels and the
smaller values for serum pH, ionized Ca, and HCOs", but
they were not statistically significant (Table 2, Figure



1). The proportions of patients with MCHC<34.1 g/dL,
Ca<9.9 mg/dL, ionized Ca<1.27 mmol/L and pH<7.38

were significantly more frequent in the FS group than in
the control group (Table 1).

Table 2. Receiver operating characteristic (ROC) curve analysis results of laboratory data with the highest area under
the curve (AUC) values for the distinction between the FS and control groups

ROC curve analysis

Statistical diagnostic measures

Variables AUC (95% CI) p-value Optimum | Sensitivity (%) Specificity (%0) PPV (%) NPV (%)
cut-off
MCHC (g/dL) 0.701 0.005 <34.1 69 68 78.4 56.7
(0.569-0.833) (54.2-81.6) (48.6-83.9) (63.5-89.5) (38.9-73.3)
Ca (mg/dL) 0.690 0.01 <9.9 83.3 52 74.5 65
(0.554-0.826) (70.3-92.5) (32.9-70.7) (60.9-85.4) (43.2-83.2)
pH 0.668 0.083 <7.38 51.4 83.3 90.5 35.7
(0.504-0.831) (35.6-67) (56.9-97) (73.4-98.4) (19.8-54.1)
lonized Ca 0.656 0.112 <1.27 58.8 75 87 39.1
(mmol/L) (0.447-0.864) (42.1-74.3) (47.2-93.1) (69.6-96.6) (21.1-59.4)
HCOs 0.666 0.087 <22.6 59.5 66.7 84.6 34.8
(mmol/L) (0.481-0.850) (43.4-74.2) (38.7-88.2) (67.8-94.9) (17.7-55.1)
Lactate (mg/dL) 0.634 0.221 >20 40 90 90.9 375
(0.441-0.827) (22.5-59.5) (62.8-99.4) (65.7-99.5) (20.1-57.4)

AUC: area under the ROC curve, Ca: calcium, Cl: confidence interval, HCOz3™: bicarbonate, MCHC: mean corpuscular hemoglobin concentration,
NPV: negative predictive value, PPV: positive predictive value, ROC: receiver operating characteristic.
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In the logistic regression analysis summarized in Table
3, MCHC and Ca levels, MCHC<34.1 g/dL, Ca<9.9
mg/dL, and pH<7.38 showed statistical significance for
FS risk in the univariable analysis. The multivariable

Figure 1. ROC curves of the variables with the highest
AUC values among the studied parameters for

distinguishing between the FS and control groups.

The ROC curves were generated by indicating that smaller values
represent more positive results. AUC: area under the ROC curve, Ca:
calcium, MCHC: mean corpuscular hemoglobin concentration,
ROC: receiver operating characteristic.

analysis adjusted for age revealed that Ca and MCHC
levels, as well as the smallness of these values, were
statistically significant (Table 3).
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Table 3. Logistic regression analysis of the risk factors of FS

Variables Univariable analysis Multivariable analysis
Model 1 Model 2

OR (95% CI) R? (%) p-value OR (95% CI) p-value OR (95% CI) p-value
Age (months) 0.993 (0.96-1.03) 0.3 0.695 0.99 (0.95-1.03) 0523  0.99(0.95-1.03)  0.518
MCHC (g/dL) 0.49 (0.28-0.83) 16.1 0.009 | 0.544(0.31-0.85)  0.032
MCHC <34.1 g/dL 4.74 (1.63-13.75) 16.8 0.004 3.31(1.06-10.3) 0.039
Ca level (mg/dL) 0.24 (0.08-0.715) 15.3 0.011 0.262 (0.08-0.85)  0.026
Ca <9.9 mg/dL 4.6 (1.53-13.82) 15 0.006 3.48 (1.03-11.8) 0.045
lonized Ca <1.27 mg/dL 4.29 (0.98-18.7) 12.8 0.053
Vitamin D <20 pg/L 1.73 (0.52-5.72) 2 0.368
Albumin (g/L) 0.97 (0.8-1.17) 0.3 0.741
pH <7.38 5.28 (1.014-27.46) 14 0.048
HCO3 <22.6 mmol/L 2.93(0.75-11.5) 7.4 0.123

Ca: calcium, ClI: confidence interval, FS: febrile seizure, HCOs: bicarbonate, MCHC: mean corpuscular hemoglobin concentration, OR: odds ratio.

Correlation analysis results

There was a positive correlation between MCHC and Ca
levels (r=0.252, p=0.039). MCHC levels were
positively correlated with Hb levels (r=0.524, p<0.001)
and negatively correlated with RDW levels (r=-0.427,
p<0.001) (Figure 2).

Ca levels, in addition to MCHC, showed significant
positive correlations with ionized Ca (r=0.652,

A

p<0.001), Hb (r=0.338, p=0.005), and albumin levels
(r=0.272, p=0.041) (Figure 2).

Serum HCOgs levels were positively correlated with
both MCHC (r=0.322, p=0.024) and Ca levels (r=0.285,
p=0.047). There was a negative correlation between
HCOjs and lactate levels (r=-0.485, p=0.003) (Figure 3).
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Figure 2. Correlation curves of variables significantly correlated with Ca and MCHC levels. (A) MCHC levels were
positively correlated with Ca levels (r=0.252, p=0.039). MCHC levels were also positively correlated with Hb levels
(r=0.524, p<0.001) and inversely correlated with RDW levels (r=-0.427, p<0.001). (B) Ca levels showed a positive
correlation with ionized Ca (r=0.652, p<0.001), albumin (r=0.272, p=0.041), and Hb levels (r=0.338, p=0.005), as well

as MCHC.

Ca: calcium, Hbh: hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW: red blood cell distribution width.
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Figure 3. Serum HCOs levels showed a positive correlation with both MCHC (r=0.322, p=0.024) and Ca levels
(r=0.285, p=0.047), and had a negative correlation with lactate levels (r=-0.485, p=0.003).

Ca: calcium, HCOgs': bicarbonate, MCHC: mean corpuscular hemoglobin concentration.

DISCUSSION

In this study, the MCHC and Ca levels in the CFS group
were significantly lower. Additionally, compared with
the control group, a higher percentage of patients in the
FS group, including all FS patients, had lower Ca and
MCHC values. Calcium and MCHC below the cutoff
values were independent factors associated with an
increased risk of FS. The significant correlation between
MCHC and Ca levels was remarkable. Although blood
pH levels did not significantly differ between the
groups, lower blood pH values were significantly more
frequent in the FS group. In the univariable analysis, a
blood pH below 7.38 increased the risk of FS by a
statistically significant 5-fold.

This study’s findings showed that the only CFS group
had lower Ca levels than the control group, which may
be why some previous studies did not find a difference
in Ca levels in FS patients.’®* However, in most
studies, Ca levels were generally reported to be lower in
FS patients, even if they were within the normal
range.®®918 In our study, vitamin D levels did not show
a significant difference, similar to several previous
studies'’*°, suggesting that vitamin D does not play a
role in the decrease in Ca levels in FS. In this study,
albumin levels were significantly lower in the CFS
group than in the SFS group, which may have
contributed to the decrease in Ca levels. The significant
positive correlation between Ca and albumin levels also
supports this hypothesis. On the other hand, in another
study, albumin levels were higher in the patients with
their first FS episode than in the control group.®
Although we could not find another study evaluating
albumin levels, it has been frequently reported that
various trace elements bound to albumin are lower in the
FS group.®? It is possible that these findings are related
to the decrease in albumin levels. The lack of difference
in AST levels excludes the association between low
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albumin levels and liver dysfunction. The decrease in
albumin levels in this study may be related to the fact
that albumin is a negative acute-phase reactant.?
Because there is strong evidence of an association
between FS and inflammation. Increased levels of
proinflammatory cytokines IL-1B and IL-6 %% and
decreased levels of anti-inflammatory IL-10 in serum
and cerebrospinal fluid®? were detected in patients with
FS. In addition, patients with CFS had significantly
higher inflammatory indices, including neutrophil-to-
lymphocyte ratio, than those with SFS.%*

Infection-related decreases in Ca levels have been
observed, especially in patients with COVID-19.
Mild/moderate patients showed a significant decrease in
Ca levels during the early phase of COVID-19
compared with 1 month later, whereas severe patients
showed low levels during both periods. Low Ca levels
were found to be associated with disease severity.?® The
FS and control groups in our study had similar infection
distributions, which ruled out infection-induced
changes in Ca levels. Furthermore, in another study,
children with URTI had similar Ca levels as healthy
controls.?®  However, there is evidence that
inflammation-related proinflammatory cytokines may
lower Ca levels. Experimental studies have shown that
proinflammatory cytokines such as IL-1p and IL-6,
upregulate calcium-sensing receptor gene (CASR)
expression, causing a significant decrease in parathyroid
hormone (PTH) and vitamin D levels and subsequently
in Ca levels. In critically ill patients with sepsis or burn
injury, hypocalcemia is associated with
proinflammatory cytokine-induced upregulation of the
CASR gene.?” Although changes in CASR gene
expression may also affect vitamin D levels, we found
no relationship between vitamin D levels and FS.
However, a population study in adults revealed a
negative correlation between vitamin D levels and



recent URTI, indicating that vitamin D contributes to
innate immunity.?

The low MCHC levels in the CFS group and the
significant negative correlation between MCHC and
RDW levels in this study may support the relationship
between FS and IDA in previous studies. Low MCHC
levels as a finding of IDA was observed in patients with
FS.2° Although different studies have reported
inconsistent results on the relationship between IDA and
FS, several meta-analyses and prospective studies
support this relationship.**3! |ron deficiency may be a
risk factor for FS even if it does not cause anemia.*
Although some previous studies reported lower MCHC
values in patients with FS*, there were also studies in
which no difference was shown or even higher MCHC
was detected in patients with FS.12% Hb levels may
remain normal for a while in ID because there is only a
decrease in iron stores in the early stages. During this
period, only low ferritin and plasma transferrin
saturation levels were observed.!* This may explain why
other erythrocyte indices in our study remained
unchanged even though the CFS group had lower
MCHC levels.

This study found a significant positive correlation
between Ca and MCHC levels. Similar to MCHC, Ca
levels were positively correlated with Hb levels.
Another variable showing positive correlations with
both Caand MCHC levels was HCOs™ levels, suggesting
that it could explain the Ca and MCHC relationship. In
support of this finding, although blood pH levels did not
show a significant difference between the FS and
control groups, the proportion of those with pH<7.38
was significantly higher. We may characterize this as a
tendency toward metabolic acidosis in conjunction with
the tendency for elevated lactate levels and decreased
HCOs levels observed in patients with FS in this
study. Seizures can cause type-A lactic acidosis, which
is caused by hypoperfusion and hypoxia.®® Lactate
elevation predicts recurrence within 24 hours in patients
with simple FS.*® However, the tendency toward
acidosis associated with FS is not known. On the
contrary, one study focused on the relationship between
FS and respiratory alkalosis, but a statistically
significant, progressive decrease in the initial alkaline
pH was observed within two hours.®” Although the
precise cause of the correlation between ID and lactic
acidosis is unknown, it might be important for FS. It has
This suggests that Ca metabolism may contribute to the
pathogenesis of FS. Studies evaluating ionized Ca levels
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been reported that ID may increase lactate levels by
impairing glycolysis by decreasing the levels of the
iron-containing mitochondrial enzyme a-
glycerophosphate oxidase.® Conversely, elevated
lactate levels may lead to hepatic hepcidin upregulation,
which could lead to iron restriction.* A tendency toward
metabolic acidosis can also lead to hypercalciuria by
decreasing calcium reabsorption in renal tubules.® In
another study, although serum total Ca levels did not
differ between the FS and control groups, a significant
increase in urinary Ca excretion was detected, and
hypercalciuria was observed in 23.7% of the FS
patients. The lack of difference in serum Ca levels was
attributed to significantly elevated PTH levels.*

The significant correlation between Ca and MCHC
levels in this study could also be attributable to
inflammation. Inflammation can lead to anemia of
inflammation (Al), which was previously thought to
occur only in chronic diseases. However, Hb levels can
also decrease during acute infections.*? We could not
find any study evaluating Al in FS. Similar to IDA, Al
also exhibits decreased reticulocyte counts, serum iron,
and transferrin ~ saturation.** Although erythrocyte
staining indices are useful for differentiating between
Al and IDA, they are insufficient. In addition to
normocytic normochromic traits, Al may display
microcytic hypochromic traits, such as IDA.*
Inflammation can also lead to elevated RDW values, as
increased disease activity in inflammatory diseases
significantly increases RDW values.* Therefore, it is
impossible to determine from this study whether the low
MCHC values in the CFS group are caused by Al or
IDA. Al patients often have normal or elevated serum
ferritin levels, but distinguishing Al from IDA may be
challenging because ferritin is also an acute phase
reactant, and IDA is prevalent in 20-85% of Al
patients.*® Therefore, soluble transferrin receptor (sTfR)
and ferritin index (sTfR/log ferritin) have been proposed
as crucial markers for differentiating IDA from Al.#243
In this study, ionized Ca levels were lower in both the
SFS and CFS groups, but the differences from the
controls were not statistically significant. However,
despite the tendency toward low blood pH in patients
with FS, the proportion of patients with ionized Ca<1.27
mmol/L was significantly higher. However, acidemia
increases ionized Ca levels by reducing calcium binding
to albumin.*°

in FS are limited. In one study, ionized Ca levels were
significantly lower in the FS group“®, but there were no



differences in another study.*’A limitation of this study
is the small number of patients in the groups because it
was planned as a pilot study within the funding limits.
The second limitation is the inability to fully match the
genders of the control and study groups because the
control group was selected from a smaller number of
patients who came in concurrently with the FS group.
However, there was no statistically significant
difference in gender distribution among the groups.
Third, IDA-related parameters, such as iron and ferritin,
were not evaluated. The study's strengths include its
prospective design, performing all blood tests
immediately after emergency admission, and
considering seasonal distribution in patient selection to
prevent bias about serum vitamin D levels, possibly
nutritional conditions, and insensible fluid losses.

CONCLUSION

This study demonstrated that both Ca and MCHC were
associated with FS. The significant positive correlation
between serum Ca and MCHC levels may indicate a
common  pathogenetic ~ mechanism, such as
inflammation. The significant correlations between
HCOs" levels and these parameters and the tendency for
lower blood pH in patients with FS imply that these
results may also be related to the propensity of patients
with FS for metabolic acidosis. Nevertheless, additional
studies involving a larger patient population are needed
to confirm these results and to clarify the pathogenetic
mechanisms. Since FS regresses at approximately 5
years of age and the frequency of abnormal levels in the
parameters was the same for both FS and febrile control
in this study, these findings may not have an impact on
prognosis. However, we hope that the findings of this
study will contribute to a better understanding of the
pathogenesis of FS.
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ABSTRACT

This study aimed to examine the relationships among e-health
literacy, health perception, and cyberchondria in nursing students. A
descriptive and correlational research design was adopted. The
sample of the study was determined using a known population
sampling method. According to this method, the sample size to be
included in the study was calculated as 259 nursing students. Data
were collected using a personal information form, the E-Health
Literacy Scale (E-HLS), the Short Form of the Cyberchondria
Severity Scale (CSS-12), and the Health Perception Scale (HPS).
Descriptive statistics, independent sample t-tests, and One-way
ANOVA were used for data analysis. A 95% confidence interval and
a significance level of p<0.05 were considered. The mean age of the
participants was 20.61+1.7 years, and 79.9% of them were female.
The mean scores of the students were found to be 28.46:+5.4 for the
E-HLS, 39.37+6.9 for the HPS, and 29.77+6.9 for the CSS-12. A
statistically significant but weak positive correlation was found
between students' age and their e-health literacy scores (p<0.001,
r=0.217). Additionally, the e-health literacy and health perception
scores of first-year students were found to be significantly lower than
those of upper-year students (p=0.0001, p=0.047). The research
findings indicate that the levels of e-health literacy, cyberchondria,
and health perception among nursing students are at a moderate
level. A statistically significant but weak positive correlation was
found between students' age and their e-health literacy scores.
However, no statistically significant relationship was found among
the variables of e-health literacy, cyberchondria, and health
perception. In order to develop these skills, it is recommended that
content aimed at increasing e-health literacy and strengthening
cyberchondria awareness be integrated into the nursing curriculum.

Keywords: Cyberchondria, E-health literacy, Health perception,
Nursing students

OZET

Bu ¢alisma, hemsirelik 6grencilerinde e-saglik okuryazarligi, saglik
algis1 ve siberkondri arasindaki iliskileri incelemeyi amagclamustir.
Arastirma, tanimlayict ve iliski arayici desenle yiiriitilmistiir.
Arastrmanin ~ Orneklemi, evreni bilinen &rneklem yontemi
kullanilarak belirlenmistir. Bu yonteme gore, caligmaya dahil
edilecek oOrneklem sayist 259 hemsirelik Ogrencisi olarak
hesaplanmustir. Veriler; kisisel bilgi formu, E-Saglik Okuryazarligi
Olgegi (E-HLS), Siberkondri Siddeti Olgegi Kisa Formu (CSS-12)
ve Saghk Algis1 Olgegi (HPS) kullanilarak toplanmistir. Verilerin
analizinde tanimlayici istatistikler, bagimsiz 6rneklem t-testi ve Tek
Yonli ANOVA analizleri kullanilmistir. Bulgular %95 giiven
araliginda ve p<0.05 anlamlilik diizeyinde degerlendirilmistir.
Katilimeilarin yas ortalamasi 20.61+1.7 yil olup, %79.9’u kadindur.
Ogrencilerin aldiklar1 ortalama puanlar; E-HLS igin 28.46+5.4, HPS
icin 39.37£6.9 ve CSS-12 igin 29.77+6.9 olarak bulunmustur.
Ogrencilerin yast ile e-saglik okuryazarlig1 puanlari arasinda anlamli
ancak zayif diizeyde pozitif bir korelasyon saptanmistir (p<0.001,
r=0.217). Ayrica, birinci sinif 6grencilerinin e-saglik okuryazarlig
ve saglik algis1 puanlari, st siniflara gére anlamli diizeyde daha
diigiik bulunmustur (p=0.0001, p=0.047). Arastirma bulgulari,
hemsirelik 6grencilerinin e-saglik okuryazarligi, siberkondri ve
saglik algis1 diizeylerinin orta seviyede oldugunu gostermektedir.
Ogrencilerin yas1 ile e-saglik okuryazarligi puanlari arasinda
istatistiksel olarak anlaml fakat zayif pozitif bir iliski oldugu
bulunmustur. Bununla birlikte, e-saglik okuryazarligi, siberkondri
ve saglik algist degiskenleri arasinda istatistiksel olarak anlamli bir
iliski saptanmamustir. Bu becerilerin  gelistirilmesi amaciyla
hemsirelik miifredatina e-saglik okuryazarligini artirmaya ve
siberkondri farkindaligini giiclendirmeye yonelik iceriklerin entegre
edilmesi 6nerilmektedir.

Anahtar Kelimeler: E-saglik okuryazarligi, Hemsirelik 6grencisi,
Saglik algisi, Siberkondri
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INTRODUCTION

In today’s digital era, the rapid and convenient access

to information via the internet has made online searches
on health and illness increasingly appealing. This has
highlighted the importance of e-health literacy, which
refers to the ability to access reliable and meaningful
health-related information through electronic means.'.?
E-health literacy encompasses the skills necessary to
seek, understand, and critically evaluate digital health
information.? The internet now serves as a vast and
significant platform for accessing medical content.?
However, the ease with which health-related
information can be accessed also presents certain risks,
including exposure to inaccurate, misleading, or
incomplete content from unverified sources, which in
turn may lead to harmful health behaviors.*

The widespread use of the internet and the ease of access
to health information have contributed to the emergence
of cyberchondria, a recently recognized internet-related
condition characterized by the compulsive searching of
medical information.*® Cyberchondria involves
individuals seeking out information about real or
potential health conditions in digital environments,
often placing undue trust in the information found,
attempting to self-diagnose, or searching for treatment
options independently.*® While accessing health-related
information through online platforms can be beneficial,
it simultaneously increases the likelihood of
encountering incorrect or misleading content.®
Furthermore, research has shown that extended
engagement with online medical content can lead
individuals to overanalyze their symptoms and potential
diagnoses, contributing to heightened levels of health-
related anxiety and cyberchondria.*

In this context, the concept of health perception—the
way individuals evaluate their own health status—gains
importance. Health perception reflects a complex
assessment shaped by personal feelings, beliefs, biases,
concerns, and expectations. It involves a subjective
appraisal of one’s current health and aims to foster
healthy lifestyle behaviors.t”® Although health
professionals have traditionally been the primary source
of health information, ongoing technological
advancements have led the general public to
increasingly rely on the internet as a source of health-
related knowledge. As a result, the ability to
comprehend and apply such information now plays a
crucial role in shaping individual health behaviors.t
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Enhancing the levels of e-health literacy, cyberchondria
awareness, and accurate health perception is essential
not only for the general public but especially for
healthcare professionals and those in training. Nursing
students, as future members of the healthcare
workforce, are expected to cultivate personal awareness
in these domains. Given that today’s nursing students
largely represent Generation Z—who have grown up
immersed in digital technology—it is anticipated that
their e-health literacy, experiences with cyberchondria,
and their perceptions of health will influence the quality
of care they will eventually provide.

Although various studies have investigated e-health
literacy, cyberchondria, or health perception
independently in nursing students, there is a lack of
research ~ examining  these  three  constructs
collectively.2?47® In recent years, studies have
presented important findings examining the effects of
the concepts of e-health literacy, cyberchondria, and
health perception on nursing students. Kibris and
Kizilkaya have indicated that the level of e-health
literacy has a significant effect on health perception and
that this can enhance individuals’ ability to evaluate
health information and shape health behaviors.
Similarly, Mansur and Cigerci, as well as Giirkan et al.,
have shown that the levels of e-health literacy among
nursing students are associated with cyberchondria and
can influence their behavior in searching for health
information on the internet.?* Additionally, Caka et al.
and Kuloglu and Kamil have emphasized the interaction
among these concepts, noting that health perception is
closely related to the self-confidence and health literacy
levels of healthcare workers.”® Therefore, this study
aimed to explore the relationships among e-health
literacy, cyberchondria, and health perception in a
sample of nursing students.

METHODS

Type of Research

This study is descriptive and correlational.

Population and Sample of the Study

The sample of the study was determined using the
known population sampling method from nursing
department students. Based on the total population of
795 students in the department, the sample size was
calculated as 259 students, considering a 95%
confidence level and a 5% margin of error. This sample
size was then selected using the stratified sampling
method, taking into account the distribution of students
across the four academic years (first, second, third, and



fourth years). Stratified sampling ensured that
participants from each year were proportionally
represented. Accordingly, the final sample included 63
first-year, 60 second-year, 64 third-year, and 72 fourth-
year students, totaling 259 participants. Individuals
were selected using a simple random number table.
Only students who voluntarily agreed to participate
were included in the study; those who declined
participation were excluded.

Data Collection Tools

Personal information form, E-Health Literacy Scale,
Cyberchondria Severity Scale Short Form, Health
Perception Scale were used as data collection
tools. 12479

Personal information form

The personal information form was prepared by the
researchers and inquired about the participants' age,
gender, and class of study.

E-Health Literacy Scale (E-HLS)

The Turkish validity and reliability of the scale
developed by Norman and Skinner (2006) was
conducted by Coskun and Bebis (2015). The scale is a
five-point Likert scale consisting of 10 items related to
internet use (2 items) and 10 items measuring attitudes
towards internet use (8 items). The first two items in the
scale are not included in the scoring and the score to be
obtained varies between 8-40. A high score on the scale
indicates a high level of e-health literacy and a low score
indicates a low level of e-health literacy. While the
Cronbach's Alpha coefficient of the Turkish scale was
reported as 0.78 was calculated as 0.86 in this study.®
Cyberchondria Severity Scale Short Form (CSS-12)
The scale was developed by McElroy and colleagues
(2019). The Turkish validity and reliability study of the
scale was conducted by Soyler et al. The Turkish
validity and reliability study was conducted by Soyler et
al. The scale is a five-point Likert-style instrument
consisting of 12 items. The score to be obtained from
the scale varies between 12-60. The scale is evaluated
on a total score. Cronbach's alpha value of the Turkish
scale is 0.862 was found to be 0.80 in this study.™
Health Perception Scale (HPS)

It was developed by Diamond, Becker, Arenson,
Chambers, and Rosenthal (2007). The Turkish validity
and reliability study of the scale was conducted by
Kadioglu and Yildiz (2012). The scale consists of 15
items and is prepared in a five-point Likert scale. The
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score that can be obtained from the scale varies between
15-75. A high score indicates a high perception of
health. The Cronbach Alpha coefficient of the original
scale was 0.70.12 In this study, it was found to be 0.67.
Data Collection

Data collection was conducted during class hours at a
date and time convenient for nursing students. Prior to
administering the instruments, the purpose of the study
and the expectations from participants were clearly
explained. The measurement tools were then
distributed, and participants were given adequate time
to complete them. Upon completion, the forms were
collected. The data were gathered over a two-month
period, between November 15, 2023, and January 15,
2024.

Data Analysis

The data collected through the measurement tools in this
study were analyzed using the IBM SPSS statistical
software. Descriptive analyses included the calculation
of frequency and percentage values. For continuous
variables such as age, and the scores from the E-HLS,
CSS-12, and HPS scales, means and standard deviations
were reported. To assess the distribution of the data,
normality tests including skewness, kurtosis, the
Kolmogorov-Smirnov test, and visual histogram
inspection were performed. Based on the normality
results, parametric tests such as the independent samples
t-test and One-way ANOVA were employed for group
comparisons. Statistical significance was considered at
the p<0.05 level within a 95% confidence interval.
Ethical Aspects of the Research

In order to conduct this study, official written
permission was obtained from the university where the
research was conducted, ethical approval numbered
2023/374 (07.08.2023) was obtained from the Bolu
Abant Izzet Baysal University Human Research Ethics
Committee in Social Sciences, informed consent was
obtained from the participants, and permission for the
measurement tools used in the research was obtained
from the author via e-mail.

RESULTS

Table 1 shows the mean scores of the nursing students
from the scales. The mean score of the nursing students
from the E-HLS scale was 28.46+5.4, the mean score
from the CSS-12 scale and the mean score from the HPS
scale were 29.77+6.9 and 39.37+6.9.



Table 1. Data on health literacy, cyberchondria and health perception scales of nursing students

Minimum Maximum Mean+SD  Skewness Kurtosis
E-HLS 11.00 40.00 28.46+54  -0.175 0.552
CSS-12 14.00 52.00 29.77+6.9  0.129 -0.262
HPS 19.00 64.00 39.3746.9  0.039 0.860
Age 18.00 27.00 20.61+1.7

E-HLS; E-Health Literacy Scale, CSS-12; Cyberchondria Severity Scale Short Form, HPS; Health Perception Scale.

Table 2. The relationship between some demographic variables of nursing students and e-health literacy, cyberchondria

and health perception scales

Demographic n (%) E-HLS CSS-12 HPS

Gender

Woman 207 (79.9) 28.54+4.9 29.42+7.0 39.39+7.1

Male 52 (20.1) 28.17+6.9 31.21+6.3 39.30+6.1

Statistics * t=0.441, df=257, p=0.659  t=1.666, df=257, p=0.097  t=0.077, df=257, p=0.939

Class of study

1 class 63 (24.3) 25.77+4.8 29.36+5.7 37.69+7.6

2 classes 60 (23.2) 28.40+5.4 29.71+6.1 38.66+7.2

3 class 64 (24.7) 29.51+4.6 29.12+7.4 40.85+5.9

4 class 72 (27.8) 2994453 30.77+£8.1 40.11+£6.8

Statistics** F=8.618, df=3 F=0.757, df=3 F=2.694, df=3

Post-hoc p=0.0001* p=0.519 p=0.047
1<2,3,4 1<3,4

E-HLS; E-Health Literacy Scale, CSS-12; Cyberchondria Severity Scale Short Form, HPS; Health Perception Scale, *independent sample t-test,

**One-way ANOVA, +p<0.05.

The average age of the nursing students who took part
in the study was 20.6+1.7 years. The majority of
participants were female, accounting for 79.9% (n=207)
of the sample (Table 2). Table 2 also presents the
findings regarding the association between certain
demographic variables and the scores obtained from the
measurement instruments. Statistical analysis showed
no significant relationship between gender and the
scores on the E-Health Literacy Scale (E-HLYS),
Cyberchondria Severity Scale-12 (CSS-12), or Health
Perception Scale (HPS). However, it was found that
first-year students had significantly lower scores in both
health literacy and health perception when compared to
students in higher academic years (Table 2).

Table 3 displays the correlation results between the age
of nursing students and their scores on the measurement
scales. A statistically significant but weak positive
correlation was observed between students’ age and
their e-health literacy scores (r=0.217). However, no
statistically significant associations were identified
among the variables of e-health literacy, cyberchondria,
and health perception (Table 3).
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Table 3. Collinearity analysis data between age and
scales of nursing students

Age E-HLS HPS
E-HLS 0.217* 1
HPS 0.116 -0.050 1
CSS-12 0.089 0.105 0.105
*p<0.001, E-HLS; E-Health Literacy Scale, CSS-12;

Cyberchondria Severity Scale Short Form, HPS; Health
Perception Scale.

DISCUSSION

The current study identified that the nursing students’
level of e-health literacy was moderate (Table 1). This
finding aligns with previous national and international
research, which also reports moderate levels of e-health
literacy among nursing students.’® This suggests that
students are reasonably well-adapted to the digital age
and possess the skills to effectively utilize health-related
information. It is believed that factors such as exposure
to technology-integrated environments, frequentinternet
use, and access to health-related content during
undergraduate education may contribute to their
awareness and knowledge in this area.



No significant association was found between gender
and e-health literacy (Table 2). While some studies
support this finding,*® others have indicated that gender
may play a role in influencing e-health literacy levels.”
8 Thus, the literature remains inconclusive on the
relationship between gender and e-health literacy.
Moreover, this study revealed that as students' academic
level and age increased, so did their e-health literacy.
This is consistent with existing studies reporting a
positive relationship between grade level, age, and
health literacy scores.®° Given that students accumulate
more knowledge through their training in a health-
related field, an increase in literacy levels with academic
progression is both expected and desirable.

The study also showed that the cyberchondria levels of
nursing students were moderate (Table 1). This may
suggest that students approach online health
information with caution and awareness. These findings
are consistent with prior studies,*! although one study
noted that over half (57.6%) of students exhibited
cyberchondriac tendencies.?? The fact that these
students experienced online education during the
COVID-19 pandemic may have influenced their
behavior, as increased reliance on digital platforms
during that period may have affected their information-
seeking patterns. Cyberchondria is characterized by
excessive or compulsive searching for health-related
information online to self-diagnose or understand
potential illnesses.* It is often viewed as a problematic
behavior in contemporary society and is influenced by
various factors, including personal health history,
technological engagement, and internet dependency.**
16 Given these influences, divergent findings in the
literature are not surprising. In this study, no significant
association was found between cyberchondria levels
and demographic variables such as gender, age, and
academic year.

With regard to health perception, nursing students were
found to have a moderate level of perceived health
(Table 1). This implies a basic ability to assess their own
health, although further awareness and knowledge may
be needed. Similar findings were reported by Cilingir
and Aydm,’ while other studies have shown either
higher'®19 or lower levels.?® Health perception, being a
subjective evaluation of one’s health, may be shaped by
factors such as health education and the capacity to use
digital or printed resources.”#?° In the present study, no
significant relationship was identified between
demographic variables (gender, age, academic year) and
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students’ health perception scores (Table 2). Cilingir
and Aydin'’ suggested that the inability to assess their
health effectively might explain such nonsignificant
associations. Conversely, some studies indicate that
these variables do impact health perception.®’ It is
therefore recommended that health education efforts be
expanded to improve students’ understanding of health-
related behaviors. Interestingly, the study found no
significant associations between e-health literacy,
cyberchondria, and health perception. This aligns
partially with the findings of Giirkan et al., who also
reported no link between e-health literacy and
cyberchondria.* One possible explanation is that
students’ skills in critically evaluating the credibility of
digital health information may not be developed enough
to influence their cyberchondria tendencies.

In contrast, other studies have reported a significant
positive correlation between e-health literacy and health
perception.*2! These findings suggest that the ability to
obtain and interpret health information can contribute to
a more positive health perception. However, the absence
of such a relationship in this study may indicate that
students have not yet integrated health information into
their personal perception of health or that other
educational or environmental variables may be at play.
Additionally, contrary to some findings in the literature,
no significant relationship was found between
cyberchondria and health perception in this study.
Starcevic and Berle?? proposed that an individual’s
perception of their health influences their tendency
toward cyberchondria. Likewise, Baumgartner and
Hartmann® and Muse et al.?* suggested that lower
health perception may be associated with higher
cyberchondria due to increased reliance on internet
resources for health concerns. The discrepancy
observed in the current study may be attributed to the
fact that nursing students, as future healthcare providers,
tend to critically evaluate health information, reducing
the direct impact of their health perception on their
cyberchondria tendencies. In summary, no significant
interrelationships were found between e-health literacy,
cyberchondria, and health perception in this sample of
nursing students. As digital natives, these students may
not perceive online health information seeking as
problematic and may be influenced by their training to
assess such information critically. This finding indicates
a degree of adaptation to the digital health environment
and a developing competence in navigating digital
health resources.!



Limitations of the Study

While this study provides valuable insights into the
levels of e-health literacy, cyberchondria, and health
perception among nursing students, it is not without
limitations. First, the research was conducted with
students enrolled in the nursing department of a single
university, which may restrict the generalizability of the
findings to students from other health-related
disciplines or different geographical areas. Second, the
cross-sectional design limits the ability to infer causal
relationships among the variables studied. Future
studies employing longitudinal designs could provide a
deeper understanding of how these variables interact
and evolve over time. Third, the data collection relied
on self-reported questionnaires, which may introduce
biases such as recall inaccuracies or social desirability
bias. Moreover, although demographic variables like
age and gender were examined, other potentially
influential factors—such as socioeconomic status,
digital access, or family health background—were not
included in the analysis. In light of these limitations, it
is recommended that future research involve larger and
more heterogeneous samples, include a broader range of
demographic variables, and adopt longitudinal
methodologies. Such efforts would contribute to a more
comprehensive understanding of how e-health literacy,
cyberchondria, and health perception are interconnected
among nursing students.

CONCLUSION

The findings of this study revealed that nursing students
demonstrated moderate levels of e-health literacy,
cyberchondria, and health perception. It was observed
that as the students progressed in their academic years,
their e-health literacy and health perception scores
improved. However, no significant association was
identified between students’ e-health literacy,
cyberchondria, and health perception levels.
Additionally, gender and academic year were not found
to significantly influence students’ cyberchondria or
health perception levels.

Given these findings, integrating curriculum
components aimed at enhancing e-health literacy and
raising awareness about cyberchondria may contribute
positively to nursing education.  Educational
interventions should focus on equipping students with
the ability to critically assess digital health information
and utilize online health resources responsibly.
Enhancing skills related to verifying the credibility of
online health content is also essential.
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To address cyberchondria and improve health
perception, access to psychosocial support services
should be strengthened. Such measures may aid
students in managing health-related anxiety more
effectively. Furthermore, nursing students should
receive guidance on the informed and appropriate use of
digital health applications, including their potential
benefits and limitations. In this study, no statistically
significant  relationship was  found  among
cyberchondria, health perception, and health literacy.
However, it is recommended that future studies examine
these relationships more comprehensively to better
understand the interaction among these variables and to
develop effective educational interventions.

Future studies involving diverse student populations
and disciplines within health sciences are recommended
to enhance the applicability and generalizability of these
findings. Overall, these strategies could foster a more
informed and competent generation of healthcare
professionals in the evolving digital health landscape.
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ABSTRACT

Rectal prolapse (or prosidensia) is a condition in which the rectal
wall partially or completely protrudes from the anus all around, in
full thickness. Although its etiology is not clear, it is now considered
a pelvic floor disease. Although the ideal treatment method has not
yet been determined, surgical intervention is the only definitive
solution. Various surgical treatment methods have been defined, and
the method to be chosen is determined according to the patient's
general condition, symptoms, bowel habits, anatomy, and
preoperative expectations. Rarely, rectal prolapse in the presence of
a redundant colon may be accompanied by a mass lesion located in
the ampulla recti. Our case with full-thickness rectal prolapse, for
which oncological principles should be observed in the treatment, is
presented as an example of this situation.
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OZET

Rektal prolapsus (veya prosidensia), rektum duvarmin tam katmanl
olarak, cevresel sekilde aniisten kismen ya da tamamen disariya
protriize oldugu bir durumdur. Etiyolojisi tam olarak agikliga
kavusmamis olmakla birlikte, gliniimiizde pelvik taban hastaligi
olarak kabul edilmektedir. Heniiz ideal tedavi yontemi netlesmemis
olsa da, cerrahi miidahale tek kesin ¢0ziim olarak kabul
edilmektedir. Farkli cerrahi tedavi yontemleri tanimlanmis olup,
hangi yoOntemin tercih edilecegi hastanin genel durumu,
semptomlari, barsak aligkanliklari, anatomik yapisi ve preoperatif
beklentilerine gore belirlenmektedir. Nadir durumlarda, redundant
kolon varliginda gelisen rektal prolapsus, ampulla recti'de yerlesmis
kitle lezyonu ile birlikte goriilebilir. Tam katmanli rektal prolapsus
ile bagvuran ve tedavisinde onkolojik prensiplere uyulmas: gereken
olgumuz, bu duruma bir 6rnek olarak sunulmaktadir.
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INTRODUCTION

Rectal prolapse and intussusception are disorders

where anatomical abnormalities linked to pelvic floor
dysfunction cause the rectum to partially or fully
prolapse from the anal canal. It can be internal or
external. The term "internal rectal prolapse” or
"intussusception" refers to partial or partial protrusion
of the rectum via the anal canal, as opposed to full-
thickness  protrusion. In rectal prolapse, the
pathophysiology of which is not clear, the
circumferential folds prolapse concentrically. The
primary complaint is a mass that protrudes from the anal
canal during challenging defecation. About 25% of the
cases with this symptom also have discomfort and pain
28-88% include fecal incontinence, and 15-65%
include constipation.! The prevalence of external rectal
prolapse is less than 0.5%. More than 90% of
occurrences occur in women over the age of fifty who
have had a vaginal birth.> Tissue strangling and
ulceration should be closely monitored during rectal
prolapse.® It is treated with two separate surgical
approaches, including abdominal and perineal
approaches. There is no agreement or standardization to
decide the best approach to take. The perineal technique
is preferred for elderly individuals who are at risk,
particularly those who have comorbidities that require
abdominal surgery. The typical recurrence rate is 11%
in perineal methods and 7% in abdominal approaches.*?
Rarely can a large lesion in the rectal region be
associated with rectal prolapse. Reduction may not
always be possible, depending on the size of the lesion.
Furthermore, the tumor could dissolve and spread
during this time, deviating from the rules of oncological
treatment. Simultaneous perineal and abdominal
surgery is the right course of action in these situations
to get good outcomes.

This article describes the diagnosis and course of
therapy for a case in which the development of rectal
prolapse was followed by the observation of a sizable
rectal mass lesion near the anal opening.
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CASE REPORT

The patient provided informed consent for this case
report. A 73-year-old male patient presented to the
emergency clinic complaining of a mass bulging from
the anal region. The patient had no such complaints
before. He mentioned that he had been bleeding from
the anal area around once a month for nearly a year and
had been having trouble defecating for quite some time.
He had essential hypertension and had previously
undergone bilateral inguinal hernia surgery. During the
physical examination performed at the emergency
clinic, it was discovered that the external rectal prolapse
was caused by the mass placed in the prolapsed segment
(Figure 1), and the mass could not be reduced. The
patient had thoracoabdominal computed tomography
(CT) and pelvic magnetic resonance imaging (MRI). On
CT, there was no evidence of a metastatic focus in the
thorax or abdomen. Contrast-enhanced sagittal plan
MRI sequences showed a soft tissue lesion measuring
90 x 25 mm in size containing vascular structures, skin
thickening, and an edematous appearance, which was
only observed on contrast-enhanced
Additionally, the prolapse of the rectum and mesorectal
fatty planes approximately 105 mm distal from the
noted (Figure 2). The
colonoscopic examination revealed no concurrent intra-
colonic mass lesions. Based on the available data, a

images.

pelvic floor level was

diverting loop ileostomy and coloanal anastomosis were
carried out along with intersphincteric ultra-low anterior
rectal resection, which addresses the curative surgical
treatment of the rectal tumoral mass using oncological
principles and concurrently corrects the rectal prolapse
(Figure 3b and 3c). The presence of a redundant colon
was notable during laparotomy exploration (Figure 3a).
After resection macroscopically, the mass lesion was
found at the entrance of the anal canal. (Figure 4).
Negative surgical margins were obtained in the frozen
examination. The coloanal anastomosis was performed
with a 3/0 polyglactin suture using a Lonestar anal
retractor. Pathological examination revealed a
tubulovillous adenoma adjacent to the anal entrance, 9.5
x 8 x 3 cm in diameter, containing high-grade dysplasia.
The ileostomy was closed in the fourth week after

surgery.



Figure 1. Appearance of a rectal tumoral mass and
simultaneous external rectal prolapse in the anal region
examination performed at the emergency department.
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Figure 3. a) Redundant colon observed during
laparotomy exploration b) View of the anal region in
lithotomy position at the end of the surgery ¢) Coloanal
intersphincteric anastomosis.

DISCUSSION

The assessment of constipation and fecal incontinence
is critical in rectal prolapse evaluation. Constipation
develops as a result of lumen narrowing brought on by
rectal invasion. Prolapse may arise as a result of
subsequent total obstruction, severe straining, and
colonic motility. As in our case, an obstructive mass
lesion may be the cause of constipation, and if there was
the simultaneous presence of a redundant colon,
prolapse could easily develop. In such cases where
rectal prolapse is associated with a mass, surgical
intervention should be guided by oncologic principles
and ensure treatment of the prolapsed segment. As in
our case, rapid decisions should not be made in the
treatment management of patients presenting to the
emergency outpatient clinic for the first time with such
a condition, and the most appropriate procedure should
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Figure 2. MRI demonstrates a soft tissue lesion
containing vascular structures, skin thickening and an
edematous appearance.

Figure 4. Macroscopic view of the sample. The mass
lesion was located at the anal entrance. The area marked
with a string is the internal anal sphincter.

be preferred according to the findings. As a matter of
fact, four days elapsed between the presentation of our
patient and the day of surgery for examinations and
preparation.

Fecal incontinence commonly develops in the final
stages of the procedure. A multitude of elements
contribute to its growth. These include the existence of
external  prolapse,
dysfunction, and

pudendal
impaired

neuropathy, anus
excitatory rectoanal
excitatory reflex. Clinical findings deteriorate due to
stretch-related injuries to the sphincter caused by
recurrent prolapse events. As a result, early intervention
is critical. Fluoroscopic defecography (FD), dynamic
magnetic resonance defecography (DMRD), anal
manometry, endoanal ultrasonography, and
colonoscopy are used to distinguish between rectocele,

enterocele, cystocele, rectoanal intussusception, and



perineal descents. DMRD offers comprehensive details
regarding the anatomy, soft tissue, and intrapelvic organ
relationships of the pelvis. It is capable of distinguishing
between rectorectal and rectoanal intussusception,
which is mucosal and full thickness. It can have a 28—
41% impact on clinical decision-making and surgical
planning.® Prognostic information can be inferred from
endoanal ultrasonography for anatomy and anal
manometers for anal sphincter function. Colonoscopies
are typically performed prior to surgical intervention in
order to rule out the presence of neoplasia and
inflammatory bowel disease, which can occur
concurrently with rectal prolapse. The diagnosis and
treatment of the current case were based on oncological
concepts. After a colonoscopy and the planning of a
surgical operation, the possibility of a synchronous
colon tumor and inflammatory bowel disease was ruled
out using pelvic MRI.

The "Oxford radiological rectal prolapse staging
system" is utilized radiologically before rectal prolapse
treatment.” As a result, there are five stages (Table 1),
and grade 3—4 internal and external rectal prolapse is
indicated for surgical intervention. Treatment can be
planned to use an abdominal or perineal approach,
depending on the surgeon's skill, the patient's age, any
morbidities, and the patient's bowel habits.® The
functional outcomes of perineal methods (Table 2) have
been highlighted as being worse and having greater
recurrence rates, however, a recently published
Cochrane analysis has demonstrated that the abdominal
approach yields equivalent results.” Open, laparoscopic,
and robotic abdominal treatments can be used to achieve
high functional outcomes and low recurrence rates in
patients without severe peritonitis, deep infiltrative
endometriosis, or the danger of general anesthesia.
Various methods are classified based on the fixation
method and the dissection plane (Table 2). Their shared
objective is to improve functional outcomes and treat
prolapse by fixing the rectum.® Based on the Oxford
rectal prolapse stage, the current case (Grade 5) exhibits
a mass lesion in the superfluous colon and the ampulla
recti at the same time. It is impossible to diminish the
mass's distal boundary since it is in contact with the anal
canal's inner mouth. Because of clinical circumstances,
a surgical treatment plan could not be developed
through a biopsy. There would be no reason to postpone
the surgical treatment process because the biopsy result
might not accurately reflect the full mass. For these

37

reasons, a combination of perineal and abdominal
interventions was carried out based on oncological
principles to cure the prolapse, tumoral mass, and
constipation issues brought on by the long-term
superfluous colon. It was preferred to do colonial
anastomosis following intersphincteric
anterior resection. Before surgery, the patient was
informed of the lack of any potential cancer, and the
intervention was carried out with consideration for the
morbidity load.

Patients are instructed not to take laxatives, lift large
objects, or have intercourse for six weeks following
surgery. It should be understood that recovery might not
happen right away and that functional issues might not
be fully fixed. The patient (gender, BMI, history of prior
prolapses repair surgery, etc.) and surgical factors
(inadequate anterior rectal dissection, insufficient mesh
fixation to the anterior rectal wall or sacral

ultra-low

promontorium, type of mesh) influence the recurrence
rate.!® The patient did not need oncological treatment
based on the pathological results. In the fourth
postoperative week, her ileostomy was closed, and there
were no surgical problems.

Treatment for rectal prolapse is a difficult procedure.
Differential diagnoses must be carefully explored in
multidisciplinary research to determine the best
treatment. It should be kept in mind that rectal prolapse
may be accompanied with malignant masses. In case of
suspicion, surgery should be performed in accordance
with oncologic principles by preserving surgical
margins during the case. The qualities of the patient, the
experience of the surgeon, and the technological
equipment of the hospital play a crucial role in the
decision-making process. Success rates will rise with
the careful use of imaging modalities and grading
methods that have been proven to work.

Table 1. The Oxford radiological rectal prolapse
grading system.

High rectal Grade I — Level above the rectocele

Low rectal Grade II — Level of the rectocele but above
the anal canal

High anal Grade III — Descending to the top of the
anal canal

Low anal Grade IV — Descending into the anal canal

External Grade V — Protrusion from the anal canal




Table 2. Abdominal and perineal procedures frequently performed in rectal prolapse surgery

Perineal Approach
Delorme Short segment prolapse (<5cm long)
Altemeier Long-segment prolapse

(Perineal proctosigmoidectomy)

Stapled transanal rectal resection
(STARR)

For patients with obesity who experience obstructive
defecation, associated rectocele, rectal intussusception,
and satisfactory sphincter performance

Natural orifice transanal endoscopic rectopexy

The colon is fixed to the abdomen and promontory using
custom endoscopic devices without mesh

Abdominal approach

Wells procedure
(Posterior mesh rectopexy)

Anterior dissection is avoided, and the dissection is
performed through the lateral and posterior aspects.
After attaching either a polyester or polypro pylene mesh
to the presacral fascia, it is loosely wrapped around the
rectum (270%)

Orr—Loygue procedure
(Lateral mesh rectopexy)

The rectum is mobilized circumferentially, and the mesh
is fixed to the anterolateral rectal wall and sacral
promontory

Frykman—Goldberg procedure
(Resection rectopexy)

After complete rectal mobilization and sigmoid resection,
the distal rectum is fixed to the presacral fascia using
sutures.

This procedure is preferred in cases of proven slow-transit
constipation, redundant sigmoid colon, and preexisting
diverticular disease

Suture rectopexy

The rectum is circumferentially mobilized, two or three
sutures are placed on either side, and the lateral ligaments
are fixed to the presacral fascia using non-absorbable
sutures.

Ventral mesh rectopexy

No rectal mobilization or lateral dissection is performed
in the original technique, and the lateral ligaments are
preserved.

The mesh is placed on the anterior rectal wall, and
fixation to the sacral promontory is performed using
sutures, staplers, or even surgical glue.

Reinforcement of the rectovaginal septum, correction of
the enterocele, correction of genital prolapses by adding
sacrocolpopexy, and preservation of the hypogastric and
parasympathetic nerves are possible by this technique
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OZET

Molekiiler biyoloji, temelde DNA, RNA ve proteinlerin hiicre ici
sentezi, islenmesi ve yikimina iliskin hiicresel yolaklar ile bu
stiregleri diizenleyen mekanizmalarin biitiiniinii inceleyen bir bilim
dalidir. Organizmanmn en kiigiik birimi olan hiicrelerde bulunan bu
molekiillerin tespitine yonelik yontemlerin klinik uygulamalara
aktarilmasiyla, hastaliklarm tani, tedavi ve seyri daha hizli ve duyarli
yontemlerle belirlenebilir hale gelmistir. Giiniimiizde hemen her
hastaligin hiicresel bir sebebi ve sonucu oldugu bilinmektedir.
Molekiiler biyoloji teknikleri, hastaliklarin molekiiler diizeydeki
nedenlerinin aydinlatilmasi, hastaliga 6zgii biyobelirteclerin kesfi ve
kisisellestirilmis tedavi yaklasimlarinin gelistirilmesi agisindan
vazgecilmez araglardir. Molekiiler tekniklerin gelisen teknolojiyle
entegrasyonu, bu yontemleri tani ve tedavide 6nemli bir basamak
haline getirmistir. Bu derleme c¢alismasinin amaci, tibbi
laboratuvarlarda kullanima uygun molekiiler biyoloji yontemlerine
giincel bakis acis1 sunmak, son yillarda yapilan c¢alismalardan
ornekler vererek bu alandaki ilerlemeleri vurgulamak ve mevcut
molekiiler biyoloji yontemlerini tibbi labortuvarlarda kullanima
entegre etmenin Onemine dikkat cekmektir. Ayrica bu derleme;
PCR, NGS, FISH, CRISPR, molekiiler blotlama, ELISA ve
immiinboyama gibi molekiiler teknolojilerin tibbi kullanimlarina,
hassasiyetlerine ve klinik uygulamalar iizerindeki katkilarina vurgu
yapma yoniiyle literatiire katki saglayarak, tibbi laboratuvarlar ve
molekiiler biyoloji alanlarinin ortak  paydaslarina  deginmis
olacaktir. Ayrica molekiiler biyoloji tekniklerinin  tibbi
laboratuvarlarda kullanilmas1 tizerindeki smirliliklar1 ve gelecek
beklentileri de tartisilacaktir.

ABSTRACT

Molecular biology is a scientific discipline that primarily
investigates the cellular pathways and regulatory mechanisms
involved in the synthesis, processing, and degradation of DNA,
RNA, and proteins within the cell. The translation of methods used
to detect these molecules in cells—the smallest functional units of
the organism—into clinical applications has enabled the diagnosis,
treatment, and monitoring of diseases through more rapid and
sensitive techniques. Today, it is well established that nearly every
disease has a cellular cause and consequence. Molecular biology
techniques are indispensable tools for elucidating the molecular
basis of diseases, discovering disease-specific biomarkers, and
developing personalized therapeutic strategies. The integration of
molecular techniques with advancing technology has made these
methods a critical step in diagnosis and therapy. This review aims to
provide an up-to-date perspective on molecular biology techniques
suitable for use in medical laboratories, highlight recent advances in
the field by presenting examples from recent studies, and emphasize
the importance of integrating current molecular biology methods
into medical laboratory practice. Additionally, this review seeks to
contribute to the literature by discussing the medical applications,
sensitivities, and clinical impacts of key molecular technologies such
as PCR, NGS, FISH, CRISPR, molecular blotting, ELISA, and
immunostaining. Furthermore, the limitations of employing
molecular biology techniques in medical laboratories and future
expectations for the field will also be addressed, offering a
comprehensive evaluation for stakeholders across both molecular
biology and medical laboratory sciences.

Anahtar Kelimeler: CRISPR, FISH, Molekiiler teknikler, NGS, Keywords: CRISPR, FISH, Medical laboratory, Molecular
PCR, Tibbi laboratuvar techniques, NGS, PCR
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GIRIS
Molekﬁler biyoloji  tekniklerindeki ilerlemeler

sayesinde, salgin hastaliklar, genetik hastaliklar, kanser
tedavileri ve asilama gibi alanlarda tibbi laboratuvarlarin
tan1 ve tedaviye yaklasmasi 6nemli yol kat etmistir.!
Hiicrelerin yap1 taslarini olusturan molekiillerin (DNA,
RNA ve protein) kullanilmasiyla gergeklestirilen bu
teknikler; hastaliklara daha 6znel yaklasilmasi, tedaviye
yeni bakig acilarinin gelistirilmesi ve tani siiresinin
kisaltilmas1 gibi yonlerden giderek daha da Onem
kazanmaktadir. Bu tekniklerin ortaya ¢ikisi, klasik tibbi
tanm1 yontemlerinin duyarhiligimi, verimliligini ve
Molekiiler teknolojilerdeki
tibbi laboratuvarlar1  artik
kisisellestirilmis tibba dogru evirmektedir.?

Ozglinliglinii  artirmistir.
siiregelen ilerlemeler,

Tibbi Laboratuvarlarda Kullanilan Temel Molekiiler
Biyoloji Teknikleri

1. Polimeraz Zincir Reaksiyonu (PCR)

Polimeraz Zincir Reaksiyonu (PCR), tani ve teshisi
kapsayan  genis  kullanom  alanlartyla  tibbi
laboratuvarlarda sik kullanilan molekiiler biyoloji
tekniklerden biridir. Kary Mullis tarafindan 1983’te
gelistirilen ve 1993'te Nobel Kimya Odiilii’nii alan PCR
¢ok az miktardaki DNA'y1 enzimatik olarak milyarlarca
kopya haline getiren bir tekniktir.® PCR islemi, bir termal
sitict  blokta, hedef bir DNA dizisinin primerler
yardimiyla simirlandirilarak, milyarlarca kopyasinin
saatler i¢inde iiretilmesine imkan tanir.>4 PCR; DNA’nin
1s1 dongiileri sayesinde {i¢ ana asamada ¢ogaltilmasina
dayanir: Denatiirasyonda (94-98°C); ¢ift sarmal DNA
yiiksek sicaklikta 1sitilarak iki tek =zincire ayrilir.
Annealing’de (50-65°C); o6zel olarak tasarlanmis kisa
DNA dizileri olan primerler, hedef DNA bolgesine
baglanir. Uzama’da (72°C) ise, Taq polimeraz enzimi,
primerlerden itibaren yeni DNA zinciri sentezler. Bu
dongii yaklasik 30—40 kez tekrarlanir ve hedef DNA
milyarlarca kopyaya ulasir.> Amplifiye edilen DNA dizi
havuzu sonraki galigmalarda daha ayrintili ¢calismalarda
kullanilabilir. Bdylece, miktar1 az dahi olsa istenilen
patojen veya mutasyon tespit edilebilir. PCR rutin
uygulamalarda, COVID-19, Tiiberkiiloz, HIV ve hepatit
gibi mikrobiyal enfeksiyonlarin taranmasinda hizli ve
kapsamli bir tarama saglar.® PCR, tibbi laboratuvarlarda
ozellikle mikroorganizma tespiti, genetik hastaliklarin
kanser

tanisi, aragtirmalar1  ve

yaygin

bireysel genetik

analizlerde olarak kullanilir. Tibbi
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laboratuvarlarda yaygin olarak kullanilan PCR tiirleri
sunlardir:

1.1. Konvansiyonel PCR (Standart PCR)
Konvansiyonel PCR, belirli bir DNA bdlgesinin
amplifikasyonu igin kullanilan en temel PCR tiiriidiir. Bu
tiirde, genetik materyal ¢cogaltilir ve PCR {iriinleri agaroz
jel elektroforezi ile goriintiilenir. Mikroorganizma
tespiti, mutasyon analizi ve genetik hastaliklarin
teshisinde kullanilabilir. Uygulamasi basittir ve diisiik
maliyetlidir. Fakat {irinlerin goriintiilenmesi gereklidir,
miktar tayini yapamaz.®

1.2. QPCR (Quantitative PCR)

QPCR, amplifikasyon iiriinlerinin sayisim1 gercek
zamanli olarak izleyerek DNA/RNA'min miktarini
olanak tanir. QPCR genellikle gen
ekspresyonu analizi ve viral yiik tespiti i¢in kullanilir,
Viriis yiikii belirleme (6rnegin HIV, COVID-19), gen
ekspresyonu kanser arastirmalarinda
kullanilabilir.” Yiiksek hassasiyet ve dogruluk saglar,
sonuglar hizla elde edilir. Fakat, teknik olarak karmasik
olabilir, uzmanlik gerektirir ve standart PCR’a gore
pahalidir. Gergek zamanli PCR da denilen kantitatif PCR
(Q-PCR), istenilen gen veya patojenin varligini sayisal
kat oraninda hesaplayarak PCR’1n kalite ve yeterliligini,
tedaviye cevabi daha da artirmaktadir.®

1.3. RT-PCR (Reverse Transcription PCR)

RT-PCR, RNA'min DNA'ya doniistiiriilmesini (ters
transkripsiyon) takiben, bu DNA'nin c¢ogaltilmasini

belirlemeye

analizi ve

saglar. Bu yontem 6zellikle RNA viriislerinin tespiti igin
kullanilir. RNA viriislerinin (6rnegin grip, HIV, COVID-
19) tespiti ve gen ekspresyonu ¢alismalarinda kullanilir.®
1.4. Multiplex PCR

Multiplex PCR, birden fazla hedef DNA bdlgesinin ayn1
anda ¢ogaltilmasini saglayan bir tekniktir. Bu, ayn1 6rnek
iizerinde birden fazla genetik hedefi hizli bir sekilde
analiz etmek i¢in kullanilir. Coklu patojenlerin tespiti ve
genetik hastaliklarin taramasinda kullanilir. Birden fazla
hedefin ayni anda tespit edilmesi sagladigi icin zaman ve
maliyet tasarrufu saglar. Primer tasariminda zorluklar
yasanabilir.®

1.5. Nested PCR

Nested PCR, ilk PCR amplifikasyonunun {iriiniinii bir
kez daha amplifiye eden ikinci bir PCR reaksiyonu igerir.
Bu, daha diisiik DNA miktarlari ile ¢alismay1 ve daha
yiiksek dogruluk saglamay1 miimkiin kilar. Diigiik DNA
konsantrasyonu durumunda tercih edilebilir. Yiiksek
Tki
gerektirdigi i¢in zaman alic1 olabilir.®

duyarlilik ve dogruluk saglar. asamali islem



1.6. Digital PCR (dPCR)

Digital PCR, numunenin her bir molekiiliiniin ayr1 ayri
analiz edilmesini saglar. Bu, ¢ok hassas ve kesin
sonugclar elde edilmesini saglar, dzellikle diisiik miktarda
hedef DNA/RNA ile c¢alisirken etkilidir. Genetik
mutasyonlarin  tespitinde, = nadir = mutasyonlarin
belirlenmesinde ve mikrobiyom analizinde kullanilir.
Pahal1 ekipman gerektirir ve teknik bilgi gerektirir.'
1.7. LAMP (Loop-mediated IsothermalAmplification)
LAMP, sicaklik kontrollii bir ortamda DNA ¢ogaltma
islemi yapar ve genellikle PCR'a alternatif olarak
kullanilir. Bu, PCR'm laboratuvar Kkosullarinda
gerektirdigi sicaklik dongiilerini ortadan kaldirir. Sahada
yapilan testlerde ve hizli mikroorganizma tespitinde
kullanilir. Daha hizli ve daha az ekipman gerektirir.
Fakat yalnizca belirli uygulamalar i¢in uygundur.

Tani ve Tedavide PCR Uygulamalar:

PCR teknigi, yaygin salgin hastaliklarinin tanimlanmasi
ve tespit edilmesinde molekiiler biyoloji, mikrobiyoloji
ve biyokimya alanlarinda hala altin standarttir. Ornegin
2019 yilindan itibaren tiim diinyay1 sarsan COVID-19
salginindan sorumlu olan SARS-CoV-2 viriisiiniin
tespitinin dakikalar i¢inde hizlica ve en dogru sekilde
yapilmasmin arkasinda siiphesiz PCR testleri ve
analizleri vardir. Bu PCR temelli analizler hastaliklarin
erken tanilanmasina aracilik ederek tedavi siirecinin
hizlanmast ve bulagict hastaliklarda bulasiciligin
azalmasi gibi siireglere katki sunar. PCR testleri, genetik
analizlerde de son derece elzemdir. Ozellikle aile
oykiisiinde kistik fibrozis, orak hiicre anemisi ve kanser
olan insanlarda mutasyon taramalartyla hastaliklardan
korunma ve erken teshis saglanabilmektedir.?*® Hedefli
PCR testleri, prenatal tan1 ve preimplantasyon genetik
tarama gibi uygulamalar i¢in histoloji ve embriyoloji
alaninda kullamlmaktadir.* Tablo 1’de yontemler ve
kullanim amaglar1  6zetlenmektedir. Klasik PCR
PCR tabanh
teknikler, 6zgiilliik, hassasiyet ve ¢oklu hedef analizi
acisindan dnemli avantajlar sunmaktadir. Ornegin nested

yontemine kiyasla gelistirilen yeni

PCR, iki ardisgik amplifikasyon adimi ile caligarak
spesifikligi artirir ve yanlis amplifikasyon riskini azaltir.
Dijital PCR (dPCR) ise DNA 6rnegini binlerce kiigiik
reaksiyon bolmesine ayirarak mutlak DNA miktarini son
derece hassas bir sekilde Olgmeyi miimkiin kilar;
ozellikle dusiik frekanstaki mutasyonlarin tespitinde
biiyiik stiinliikk saglar. Multiplex PCR ydntemi ise
birden fazla hedefin ayni anda c¢ogaltilmasina izin
vererek, zamandan, numuneden ve reaktiften tasarruf
saglar ve kompleks analizlerin etkin bir sekilde
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gergeklestirilmesine olanak tanir. Bu gelismis yontemler,
molekiiler tan1 ve arastirmalarda PCR teknolojisinin
uygulama alanlarini 6nemli 6l¢tide genigletmistir.

2. Yeni nesil dizileme (NGS)

Yeni nesil dizileme (NGS), milyonlarca DNA par¢asinin
aynt anda hizli bir sekilde siralanmasina olanak
saglayarak, genomun tiim dizisi hakkinda bilgi
vermektedir. NGS, o6zellikle 2003 yilinda tamamlanan
Insan Genom Projesi’nden sonra genom calismalarinda
devrim yaratacak nitelikte bilgi ortaya cikaran bir
dizileme teknigidir. Elde edilen genomik veriler
genomun yapisi, isleyisi ve bilesenleri hakkinda daha
kapsamli  bilgilere sahip olmayr saglamaktadir.®
Genomun tamaminin dizilenmesinin yaninda, belirli bir
bolgenin dizilenmesine de olanak saglayan NGS; genetik
varyasyonlar, gen ekspresyon profilleri ve epigenetik
degisiklikler ile ilgili de ayrintili veri sunmaktadir.®
NGS’nin temel agamalar;; DNA ya da RNA 6rneginin
(kan, doku, tiikiiriik, idrar, biyopsi) ekstrakte edilmesi,
DNA’larin kiigiik parcalara (fragmentlere) ayrilmasi ve
bu parcalara 0Ozel adaptdr dizileri eklenmesiyle
kiitiiphane hazirlanmasi, kiitiiphanenin dizileme cihazina
yiiklenmeye hazir hale getirilmesi, opsiyonel olarak
amplifikasyon ve son olarak sekanslamadir. Cihaza bagl
olarak farkli teknolojiler kullanilir: Illumina, fluoresan
niikleotidlerle sentez sirasinda okuma saglarken; Ion
torrent, pH degisikligiyle okuma saglar. Oxford
Nanopore ise DNA’nin nano boyutta bir pordan gegisiyle
baz tanima saglar. Okumalar sonucunda DNA zinciri baz
baz okunur, sinyaller dijital verilere doniistiiriiliir,
ardindan biyoenformatik analiz yapilir.t’

NGS; temel aragtirmalardan, klinik uygulamalara kadar
her alanda kullanilabilmekte ve kolaylik saglamaktadir.
Klinik calismalarda &zellikle hastaliklarin - erken
teshisinde, mutasyon taramalarinda, onkolojide, adli
tipta ve nadir hastaliklarin  tanimlanmasinda
kullanilmaktadir.'8

Tani ve Tedavide NGS Uygulamalar:

NGS, onkolojide kanser dokularmin ayrintili genom
kopya
varyasyonlarinin ve mutasyonlarin belirlenmesinde

profillerinin ¢ikarilmasinda, sayis1
onemli bilgiler saglar.'” Ozellikle kanser biyobelirtegleri
olarak da adlandirilan kanser spesifik genlerin (EGFR,
BRCAL1/2 ve KRAS gibi) ekspresyon seviyelerinin
belirlenmesi, kisiye 6zel hedefli kanser tedavisinin
saglanmasinda 6nemli rol oynamaktadir. Ayrica, kanser
tedavi siireglerinde test edilen genomik direng ve
instabilitenin belirlenmesini kolaylastirir.®® NGS, genetik
tan1 metotlariyla belirlenmesi zor olan, hastaliklara ait



bilinmeyen mutasyonlarin tespit edilmesini saglar.
Coklu kaliim modeline sahip noérolojik sendromlari,
metabolik hastaliklarin ve gelisim geriliklerinin genetik
mutasyonlarin1  belirlemede tiim ekzom dizilemesi
(WES) ve tiim genom dizilemesi (WGS) kullanilabilir.*8
Son on bes yil i¢inde tliglincli nesil dizileme olarak
adlandirilan Nanopore dizileme yontemi
kesfedilmistir.® Nanopore sekanslama, tek DNA / RNA
molekiillerinden gercek zamanli okuma saglayarak
birgok biyomedikal g¢alismayr miimkiin kilmugtir.2%2
Ikinci nesil dizileme yontemlerinden olan NGS’ye gore
avantajlar1 bulunmakla birlikte kullaniminin daha az
yaygin olmasindan kaynakli maliyeti daha yiiksek bir
tekniktir.

3. Floresan in situ hibridizasyon

Floresan in situ hibridizasyon (kisaca FISH), bir
kromozom iizerindeki belirli bir DNA dizisini tespit
etmek ve yerini belirlemek i¢in kullanilan bir molekiiler
laboratuvar teknigidir. Bu teknikte, bir bireyin
kromozomlarinin tam seti bir lama yayilir ve daha sonra
hedef'bolgeye spesifik olan bir "prob™ ile muamele edilir.
Prob, floresan boya ile etiketlenmis kiiciik bir DNA
dizisidir. Floresan boya ile etiketlenen prob, kromozom
setinde eslesen diziyi bulur ve ardindan o bdlgeye
baglanir. Ozel bir floresan mikroskop kullanilarak,
floresan probun baglandigi kromozom ve alt
kromozomal konum belirlenebilir.???®* FISH yénteminin
basamaklart: Incelenecek 6rnek (metafaz kromozomlar,
hiicre siispansiyonu ya da doku kesiti) cam lam iizerine
sabitlenir. DNA ¢ift sarmali 1s1 ile denatiire edilir.
Floresan igaretli 6zel DNA problar1 6rnege uygulanir ve
hedef dizilerle eslesir. Baglanmayan problar yikama ile
uzaklagtirilir.  Floresan mikroskobu ile problarin
baglandig1 bolgeler renkli sinyaller olarak goriintiilenir.?*
FISH tekniginin tipleri sunlardir: Interfaz FISH, interfaz
evresindeki hiicrelerde uygulanir. Metafaz FISH, hiicre
boliinmesi sirasinda (metafaz kromozomlar {izerinde)
uygulanir. Fiber FISH, DNA'nin lineer hale getirilip
uzun dizilerin goriintiilenmesidir. Q-FISH, telomer
uzunlugunun ol¢ililmesinde kullanilir. Multicolor FISH
(M-FISH), Tiim kromozomlara farkli renkler atanarak
kompleks anomalilerin incelenmesinde kullanilir. Hedef
gen bolgelerine gore farkli FISH problar kullanilabilir.
Belirli bir gen ya da kromozom bdlgesi i¢in lokus
spesifik problar kullanilir ve tibbi laboratuvarlarda
hastalik geni amplifikasyonu/delesyonu belirlebilir.
Kromozom sentromer bolgesi igin sentromerik problar
kullanilir, andploidi taramalarinda (6rnegin 13,18,21)
tercih edilir. Kromozom uglari i¢in kullanilan telomerik
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problar &zellikle denge bozukluklar1 hastaliklarinin
teshisinde kullanilir. Gen fiizyonlarini belirlemek igin ise
fiizyon problar kullanilir, 6zellikle kanserde fiizyon
genlerini belirlemede tercih edilir.®

Tani ve Tedavide FISH Uygulamalari

FISH, o6zellikle molekiiler genetik laboratuvarlarinda
kromozomal anomalilerin (anoploidiler,
translokasyonlar ve delesyonlar) belirlenmesinde,
kromozomal hastaliklarin teshisinde ve erken tanida
yaygin olarak kullanilir. FISH’in bir diger kullanim alan
onkolojide,  kanserli ~ dokulardaki  kromozomal
anomalilikleri tespit etmektir.?®?7 Ornegin, kronik
miyeloid (KML) hastalarin ~ %90'ndan
fazlasinda goriilen, 9 ve 22. kromozomlar arasi
translokasyondan [t(9; 22) (q34; q11)] kaynakli olusan
Philadelphia kromozomunun yapisinda bulunan BCR-
ABL fiizyon geninin varliginin belirlenmesinde FISH
teknigi yaygin olarak kullanilir. Sonucun pozitif olmast

16semili

durumunda bu flizyon geninin {iriinii olan mutant
proteinin aktivitesi spesifik tirozin kinaz inhibitdrleri ile
hastalar regete edilir.?” Boylece hastaliklar igin hedefli
tedavilerin secilmesini saglar. Benzer sekilde meme
kanserlerinde HER2  geninin  amplifikasyonunu
degerlendirmek igin FISH teknigi kullanilir.?®?° HER2
pozitif meme kanserlerinde, bu sonu¢ hedefe yonelik
tedavi segeneklerinin, 6zellikle trastuzumab gibi HER2
inhibitorlerinin ~ kullanimmi1  miimkiin ~ kilmaktadir.
Ayrica, hormon reseptor pozitifligi saptanan hastalarda
hormon tedavisi de uygulanabilmektedir.®® Tablo 1’de
yontemler ve kullanim amaglar1 6zetlenmektedir.

FISH ayrica prenatal tani alaninda, hizli ve giivenilir
sonuclar saglamasi nedeniyle biiylik 6neme sahiptir.
Ozellikle trizomi 21,13 ve 18 gibi kromozom sayisal
bozukluklarimin hizli taramasinda kullanilir. Ayrica X ve
Y kromozomlarini da analiz ederek Turner sendromu,
Klinefelter sendromu gibi cinsiyet kromozomu
anomalilerinin erken tanisina olanak saglar. Geleneksel
kromozom analizleri (karyotipleme) 10-14 giin
siirebilirken, FISH ile 24-48 saat icinde On tani
saglanabilir. Bu, ozellikle gebeligin erken donemlerinde

aileye hizli bilgi sunmak agisindan  kritiktir.
Konvansiyonel  karyotipleme ile  saptanamayan
DiGeorge sendromu (22911  delesyonu)  gibi

mikrodelesyon sendromlarmin tanisinda FISH, yiiksek
hassasiyet sunar. FISH ayrica prenatal tan1 amaciyla elde
edilen amniyotik sivi, koryon villus veya fetal kan
orneklerinde dogrudan hiicre kiiltlirine  ihtiyag
duymadan uygulanabilir.®



FISH’in avantajlari; hedefe 6zgii, yiiksek 6zgiillik ve
duyarlilikta olmasi, hem metafaz hem interfaz hiicrelerde
uygulanabilir olmasi, kisa siirede sonu¢ alinabilir
(6rnegin 24 saat) olmasi, hiicre kiiltiirii gerektirmemesi
ve kromozomal yapilarin dogrudan goriintiilenmesidir.
Dezavantajlar1 ise; yalnizca hedeflenen bolgeyi analiz
etmesi (genom taramasi yapmaz), proba Ozel test
yapilabilmesi (6n hazirlik gerektirir), yliksek maliyetli
olabilir, veri miktar1 sinirlidir (NGS ile kiyaslandiginda).
4. CRISPR Tabanlh Teknolojiler

CRISPR-Cas, ¢ogu bakteri ve arkealarda bulunan, onlari
diger virlis ve yabanci genetik materyallerden koruyan
bagisiklik savunma mekanizmasidir.®2%  Bakterilerin
CRISPR dizisinden iirettigi RNA segmentleri gibi, in
vitro olarak bir hiicrenin DNA'sindaki belirli hedef
sekansa baglanan kisa bir "rehber" RNA parcasi
olusturulur. Cas9 niikleaz enzimi tarafindan taninan
rehber RNA hiicrelere aktarildiginda, kilavuz RNA
amaglanan DNA sekansini tanir ve Cas9 enzimi DNA'y1
hedeflenen yerde keserek bakterideki siireci yansitir. 3
CRISPR-Cas9 gen diizenleme teknolojisi, mutasyonlari
diizelterek veya hastalifa neden olan genleri biiyiik bir
hassasiyet ve verimlilikle bozarak hastaliklarin tedavisi
icin gelecegin umut vaat eden araglarindandir.®® Cas9,
hastaliklar ~ sirasinda meydana gelen genomik
degisiklikleri diizenlemede, hastaliklarin molekiiler
teshisi ve tedavisinde essiz gen diizenleme aracidir.®’
Tibbi laboratuvarlarda CRISPR; gen terapisi, tani testleri
ve yeni molekiiler belirteglerin gelistirilmesi i¢in iyi bir
adaydir.®

Tani ve Tedavide CRISPR Uygulamalart
CRISPR/Cas9, hemolitik hastaliklar, immiin yetmezlik
bozukluklari, kardiyovaskiiler hastaliklar,
norodejeneratif bozukluklar, X’e bagli kromozomal
bozukluklar ve kanserler de dahil olmak tizere ¢ok sayida
hastaligi diger gen diizenleme yaklagimlarina kiyasla
daha yiiksek 6zgiillik ve verimlilikle tedavi etmek i¢in
kullanilmistir.  Yiiksek hassasiyeti ve verimliligi
nedeniyle, CRISPR/Cas9 stratejileri gen spesifik
hastaliklarda, delesyon, insersiyon gibi mutasyonlar
olusturarak hastaliklar1 tedavi edebilir.3238

SHERLOCK ve DETECTR gibi CRISPR tabanl1 teshis
platformlari, belirli niikleik asit dizilerini tespit etmek
icin CRISPR'!n  hassasiyetinden Bu
teknolojiler yiiksek hassasiyet sunar ve kiiciik
belirteglerle dahi nokta atis1 teshis yapabilir. Ornegin,
HIV ve COVID-19 gibi
mikroorganizmalarin hizli tespiti icin CRISPR tabanli
analizler gelistirilmigtir. Bu yontemler, kaynak sinirli

yararlanir.

Zika virdst, bulasici
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ortamlar icin bile olduk¢a hassas aracglar sunarak
molekiiler teshisi daha da kolaylastirmaktadir.®

Viral enfeksiyonlar1 teshis etmek igin rutin olarak
kullanilan RT-qPCR, sekanslama tabanli yontemler ve
immiinolojik yontemlerin yiiksek maliyetini diisiirmek,
dogru ve hizli tamilamayi artirmak i¢in CRISPR-Cas
teknolojilerinin kullanildig: tani testleri kullanilabilir, bu
sayede  hastaliklarin  erken tan1 ve tedavisi
kolaylagabilir.*

CRISPR-Cas9 teknigi, hiicreler (in vitro) ve hayvanlarda
(in vivo) ¢alismak tiizere kalitsal hastaliklarla iligkili
herhangi bir DNA mutasyonunu diizenlemek icin
kullanilmaktadir.**#? Ayrica CRISPR-Cas9; hemofili, -
talasemi, kistik fibroz, Alzheimer, Huntington,
Parkinson, Duchnene kas distrofisi, Tay-Sachs ve
kirilgan X sendromu gibi ¢esitli kalitsal hastaliklarinin
tedavilerinin arastirilmasinda kullanilabilir.**47

Klinik c¢aligmalara bakildiginda CRISPR teknolojileri
genetik olarak tanimlanmis hastaligi olan hastalara
yoneliktir (Tablo 1). Bu nedenle, CRISPR Faz
calismalar1  saglikli  goniillilerden ziyade hedef
mutasyonu olan hastalara odaklanacaktir. Faz 1 klinik
denemeleri gergeklestirilen HG202 ilaci, yasa bagh
makiiler dejenerasyon (AMD) tedavisinde kullanilan ilk
CRISPR/Cas13 RNA diizenleme tedavisidir. FDA
tarafindan onaylanan bu tedavi, VEGF-A mRNA'sin1
hedef alarak AMD tedavisinde umut verici sonuglar
sunmaktadir.® Faz Il klinik denemelerindeki WU-
CART-007; Relaps veya tedaviye direngli T hiicreli akut
lenfoblastik 1osemi (T-ALL) ve lenfoblastik lenfoma
(LBL) tedavisinde kullanilan anti-CD7 CAR-T
tedavisidir.*® Casgevy, sickle cell hastaligi (SCD) ve
transfiizyon bagimh beta talasemi (TDT) tedavisinde
kullanilan, CRISPR/Cas9 teknolojisiyle gelistirilen ilk
gen diizenleme tedavisidir. 2023 yili sonunda ABD Gida
ve Ilag Dairesi (FDA) ve Avrupa ilag Ajansi (EMA)
tarafindan onaylanmstir.*® Tedavi, hastalarin kendi kok
hiicreleri iizerinde yapilan gen diizenlemeleriyle saglikli
hemoglobin iiretimini tesvik eder. Klinik denemelerde,
SCD hastalarmin  %93.5'inde bir yil boyunca agn
krizlerinin yasanmadigi ve TDT hastalarinda kan
transfiizyonlarina olan ihtiyacin ortadan kalktig
gozlemlenmistir.>

5. Molekiiler Blotlama yontemleri
Blotlama, proteinler veya niikleik
makromolekiillerin tiirevlendirilmis

asitler gibi
ince bir kagit
tabakasina veya adsorptif membran matrisine
aktarilmasi ifade eder ve bu sayede molekiil cok daha

kolay ve hizli sekilde tespit edilebilir. Nitroseliiloz,



poliviniliden floriir veya naylon gibi membranlara
aktarilan molekiil sonrasinda glimiis boyama gibi uygun
renklendiriciyle goriintiilenebilir, radyoaktif olarak
isaretlenebilir veya antikor muameleleriyle
isaretlenebilir.?  Molekiiler tekniklerinin
baslica tiirleri sunlardir:

5.1. Southern Blot (DNA Blotlama)

Southern Blotlama DNA 6rneklerinin iginde spesifik bir
DNA dizisini belirlemek i¢in kullanilan bir molekiiler
biyoloji yontemidir. Tibbi laboratuvarlarda hastalardan

blotlama

alian kan, tiikiiriik veya doku 6rneklerinin DNA s1 izole
edilip, agaroz jeli tzerinde -elektroforezle ayrilip,
nitroseliiloz veya naylon membrana DNA nin transferi
sonrasi, aranan gen veya diziye Ozgli probla
hibridizasyon yontemiyle hedef dizisinin tespitini
icermektedir. DNA’daki belirli genetik mutasyonlarin,
delesyon ve amplifikasyonlarin tespiti Southern blotlama
yontemi ile belirlenebilir, bu haliyle genetik hastaliklarin
tanis1 ve izlenmesi i¢in kullanilabilir. Kanser, kalitsal
hastaliklar ve enfeksiyon hastaliklarinin  genetik
temelleri Southern blot ile arastirilabilir.>® Ornegin
Duchenne Muskiiler Distrofisi (DMD) gibi genetik
hastaliklarin teshisinde sorunlu oldugu diistiniilen (DMD
geni mutasyon tespiti hastalik tanisinda kullanilir.) genin
yoklugu southern blotlama ile belirlenebilir.>* Kanser
aragtirmalarinda kanser spesifik onkogenlerin
amplifikasyonu, tumor baskilayici genlerin delesyonu
yine Southern blot ile tespit edilebilir.>®

5.2. Northern Blot (RNA Blotlama)

Northern Blotlama RNA 6rneklerinin iginde spesifik bir
RNA dizisini belirlemek i¢in kullanilan bir molekiiler

ise,

biyoloji yontemidir. Ozellikle gen ekspresyonunun
incelenmesi ¢aligmalarinda ve RNA  viriislerinin
tespitinde olduk¢a basarili bir T1bbi
laboratuvarlarda kanser gibi hastaliklarin erken tanisinda
ve tedavi siirecinde belli genlerin transkrip seviyelerine

yontemdir.

bakilmast veya HIV gibi virlislerin RNA’smin tespiti
onemli bir parametredir. Bu amacgla hastanin RNA s1
izole edilir, southern blotlamaya benzer sekilde agaroz
jel elektroforeziyle boyutlarina goére ayrilir. Ayrilan
RNA membrana transfer edildikten sonra spesifik bir
prob ile hibridize edilerek gen ekspresyonu veya viriis
RNA's1 gibi hedef molekiiller tespit edilir.>

5.3. Western Blot (Protein Blotlama)

Kompleks protein karigimindaki belirlenen proteinin
varligint ve miktarim1 belirlemek i¢in kullanilan
molekiiler biyoloji yontemidir. Western blot, proteomik
miktarim1 ~ ve
Tibbi

analizlerde
boyutlarini

proteinlerin
belirlemek

varligini,
icin  kullanilir.
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laboratuvarlarda kanserin biyomarkerlerinin tespiti,
enfeksiyonlarin tanisi ve hastalik siireclerinin izlenmesi
icin oldukca faydalidir. Western blot, o0zellikle
otoimmiin hastaliklarin tanisinda, 6rnegin lupus gibi
hastaliklarda viicutta hedef proteinlere karsi olusan
antikorlar tespit edilir. HIV’e kars1 gelisen spesifik
antikorlarla, HIV varlig1 ve hastalik tanis1 western blot
ile tespit edilebilir. Ilk olarak, bir hastadan alinan
ornekteki proteinler izole edilir. Proteomlar, SDS-PAGE
(Sodyum Dodesil Siilfat Poliakrilamid Jel Elektroforezi)
yontemiyle ayrilir. Bu islemde, proteinler agirliklarina
gore ayrilir. Ayrilan proteinler bir membrana transfer
edilir. Proteine 6zgii bir primer antikor ile hibritizasyon
yapilir.  Antikor-protein  kompleksi, enzimatik bir
reaksiyon ile gorsel olarak tespit edilir.’

Tani ve Tedavide Molekiiler Blotlama Uygulamalart
DNA, RNA ve protein blotlama teknikleri temelde bir
karigim molekiil igerisinden aranan belirte¢ molekiiliin
tespit edilmesi esasina dayanir. Molekiiler blotlama
yontemleri, tibbi laboratuvarlarda genetik, biyokimyasal
ve molekiiler analizler i¢in siklikla kullanilan
tekniklerdir. Bu yontemler, genellikle DNA, RNA veya
proteinleri tespit etmek ve analiz etmek amaciyla
kullanilir. Tibbi laboratuvarlarda hastaliklarin tani1 ve
izlenmesinde, genetik bozukluklarin belirlenmesinde,
enfeksiyonlarin tespit edilmesinde ve tedavi siireglerinin
takibinde 6nemli rol oynar. Southern blotlama DMD gibi
gen spesifik hastaliklardaki mutasyon veya delesyonlari
ve kanser spesifik genleri belirlemek i¢in kullanilirken,
northern blotlama gen ifadesi degisikliklerini ve RNA
viriislerini tespit etmek i¢in kullanilir. Western blotlama
ise otoimmiin hastaliklarin teshisinde, protein depo
hastaliklarinin ~ tam1~ ve ilerlemesini  belirlemede
kullanilabilir.®  Molekiiler ~ blotlama  yontemleri
(Southern, Northern ve Western blot gibi) hedef DNA,
RNA veya proteinlerin tespitinde yiiksek Ozgiilliik
sunarak  oOzellikle dogrulama amaciyla siklikla
kullanilmaktadir. Bu teknikler, hedef molekiiliin
varliginin yam1 sira biiyiikligii hakkinda da bilgi
saglayarak, kalitatif ve yari-kantitatif analiz imkam
sunar. Ayrica, DNA iizerindeki yapisal degisikliklerin
veya proteinlerdeki modifikasyonlarin belirlenmesinde
onemli bir aragtir. Ancak, blotlama tekniklerinin bazi
dezavantajlar1 da bulunmaktadir. Islem basamaklarmin
cok olmasi nedeniyle deneyler zaman alicidir ve manuel
islem hatast riski artar. Ayrica, diisik hassasiyet
nedeniyle cok diisiik miktardaki hedef molekiillerin
tespitinde yetersiz kalabilir ve 0&zel problar veya
antikorlarim  kullanimn =~ maliyeti  artirabilir.  Bazi



uygulamalarda ise yiiksek miktarda numune gereksinimi
s6z konusu olabilir. Bu nedenlerle, blotlama yontemleri
hassasiyet, hiz ve pratiklik gerektiren modern molekiiler

tekniklere kiyasla bazi sinirlamalara sahiptir. Tablo 1°de
yontemler ve kullanim amaglari1 6zetlenmektedir.

Tablo 1. Tibbi Laboratuvarda kullanilabilen yontemler

YONTEM UYGULANDIGI/ KULLANIM AMACI

UYGULANABILECEGI

LABORATUVAR

PCR-TABANLI YONTEMLER

N

NGS
T
UL\
FISH

e

FISH

CRIPSR-TABANLI YONTEMLER

AT
D

MOLEKULER BLOTLAMA-
TABANLI YONTEMLER

ELISA Q
Q

IMMUNBOYAMA

Py

OMIiK TEKNOLOJILERI

Mikrobiyoloji Laboratuvari
Molekiiler/Tibbi Genetik
Laboratuvari

Molekiiler/Tibbi Genetik
Laboratuvari

Genetik Aragtirma
Laboratuvarlari

Molekiiler/Tibbi Genetik
Laboratuvari

Patoloji Laboratuvari
Genetik Aragtirma
Laboratuvarlari

Molekiiler/Tibbi Genetik
Laboratuvari

Genetik Aragtirma
Laboratuvarlari

Mikrobiyoloji Laboratuvari
Molekiiler/Tibbi Genetik
Laboratuvari

Patoloji Laboratuvari
Genetik Arastirma
Laboratuvarlari

Mikrobiyoloji Laboratuvari
Biyokimya Labiratuvari

Molekiiler/Tibbi Genetik
Laboratuvari
Patoloji Laboratuvari

Molekiiler/Tibbi Genetik
Laboratuvari

Biyokimya Labiratuvari
Patoloji Laboratuvari
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Mikroorganizma tespiti,

Gen ifadesi degisikliklerinin belirlenmesi
Genetik hastaliklarin tanisi,

Kanser arastirmalari ve bireysel genetik

Hastaliklarin erken teshisi,
Mutasyon taramalari,

Adli tip,

Nadir hastaliklarin tanimlanmasi

Kanser hiicrelerinde spesifik amplifikasyon ve translokasyon taramasi

Tek gen hastaliklarinin tedavisi

Genetik bozukluklarin belirlenmesi, Enfeksiyonlarin tespit edilmesi ve
tedavi siireglerinin takibi,

Gen spesifik hastaliklardaki mutasyonun belirlenmesi,

Kanserlerde spesifik genlerin belirlenmesi,

Gen ifadesi degisikliklerinin belirlenmesi

RNA viriislerinin tespiti

HIV, Hepatit B ve C, COVID-19, Rubella, Sifiliz, Lyme hastalig: gibi
enfeksiyon hastaliklarinin teshisi

Romatoid artrit, lupus gibi otoimmiin hastaliklarin tan1 ve tedavisi,
TSH, LH, FSH, hCG gibi hormon diizey 6l¢timleri ile Fertilite testleri,
PSA (prostat kanseri), CEA (kolon kanseri), CA 125, CA 19-9
(yumurtalik ve pankreas kanseri) gibi tiimor biyobelirteglerinin tespiti,
IgE antikorlarinin 6l¢iimiiyle alerjenlerin belirlenmesi

Kanser tanisi ve siniflandirilmasi,

Prognostik belirteglerin belirlenmesi,

Hedefe yonelik tedavi kararlarinin alinmasi (6rn. HER2 pozitifliginde
trastuzumab kullanimi),

Inflamatuvar ve otoimmiin hastaliklarin tanis

Enfeksiyon etkenlerinin lokalizasyonunun (6rn. HPV, CMV)
belirlenmesi

Kisisellestirilmis tip yaklagimlari ile kisiye/hastaliga 6zgii belirteglerin
tespiti



6. ELISA
ELISA (Enzyme-Linked Immunosorbent Assay — Enzim
Baglantili  Immiinosorbent Analiz), 6zellikle tibbi

laboratuvarlarda ¢ok yaygin kullanilan, duyarli ve 6zgiil
bir immiinolojik test yontemidir. Proteinler, antijenler,
antikorlar, hormonlar gibi biyomolekiillerin kanda,
serumda ya da diger biyolojik orneklerde varligini ve
miktarini saptamak icin kullanilir. ELISA, bir enzimle
isaretlenmis antikorun veya antijenin, hedef molekiille
(6rnegin bir patojen antijeni ya da viicudun ona karsi
urettigi antikor) spesifik olarak baglanmasi esasina
dayanir. Bu baglanma sonrasi enzim substratiyla
reaksiyona girerek renkli bir iiriin olusur. Olusan rengin
siddeti, spektrofotometre ile Olgiilerek hedef molekiiliin
varlig1 ve miktar belirlenir. Dogrudan (direct), dolayli
(indirect), sandivi¢ ve kompetitif olmak tiizere 4 tipi
vardir. Dogrudan ELISA da antijen dogrudan yiizeye
baglanir, lizerine enzimle isaretli 6zgiil antikor eklenir,
hizlidir ama 6zgiilliik sinirl olabilir. Dolayli ELISA’da
antijen sabitlenir, ardindan ornekteki birincil antikor
baglanir. Bu antikora karsi ikincil, enzim bagh bir
antikor eklenir. Daha duyarlidir, sinyali arttirir. Sandvig
ELISA’da plakaya Once "yakalama" antikoru baglanir,
iizerine Ornek (antijen igeren) eklenir. Sonra “algilama”
antikoru ve enzimle isaretli ikincil antikor uygulanir.
Yiksek oOzgiillik ve hassasiyet saglar. Kompetitif
ELISA’da ornek ve enzimle isaretli antijen, ayni
baglanma bolgesi i¢in yarigir, antijen seviyesi arttikca
renk siddeti azalir, Ozellikle kiiciik molekiiller igin
kullanilir.>®

Tani ve Tedavide ELISA Uygulamalar:

ELISA, tibbi laboratuvarlarda pek c¢ok hastaligin
tanisinda ve izlenmesinde sik kullanilan bir metodtur.
HIV (Anti-HIV antikorlar1), Hepatit B ve C (HBsAg,
Anti-HCV), COVID-19 (SARS-CoV-2 antijenleri veya
antikorlar1), Rubella, Sifiliz, Lyme hastalign gibi
enfeksiyon hastaliklarinin ve Romatoid artrit, lupus gibi
otoimmiin hastaliklarin tam1 ve tedavisinde; TSH, LH,
FSH, hCG gibi hormon diizey 6l¢iimleri ile Fertilite
testlerinde; PSA (prostat kanseri), CEA (kolon kanseri),
CA 125, CA 19-9 (yumurtalik ve pankreas kanseri) gibi
tiimor biyobelirteglerinin tespitinde, IgE antikorlariin
olglimiiyle alerjenlerin belirlenmesinde kullanilir.6%6!
ELISA’nin kullanim avantajlari; yiiksek duyarlilik ve
Ozgiillikte olmasi, otomatize edilebilir olmasi ve ¢ok
sayida Ornek aymi anda islenebilir olmasidir.
Dezavantajlar1 ise, uygulama sirasinda hata riskinin
yiiksek olmasi, baz1 ¢apraz reaksiyonlarin yanlis pozitif
sonug verebilmesi ve zaman alic1 olabilmesidir.
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7. Immiin Boyama

Immiin boyama (immunostaining), hiicreler veya
dokular icindeki hedef antijen molekiillerinin
lokalizasyonunu ve seviyesini antikorlar kullanilarak
belirleyen temel bir biyolojik tekniktir. Antikorlar
genellikle floresan boya, enzim (6rn. peroksidaz), metal
tanecik veya baska bir isaretleyici ile baglanir. Bu sayede
boyanan bolgeler mikroskopla goriintir hale gelir.
Immiin boyama tekniklerinden immiinohistokimya
(IHC);  doku proteinlerin
lokalizasyonunu saptamak i¢in kullanilir. Antijen—
antikor reaksiyonu sonucunda genellikle enzimatik
reaksiyon (DAB ile kahverengi boyama) veya floresan
isaretleme ile goriiniir hale gelir.%? Klinik patolojide
kanserlerin alt tiplerinin  belirlenmesi, metastaz
kaynagmin saptanmast ve prognostik belirteglerin
tayininde sik kullanilir. Meme kanserinde ER, PR, HER2
biyobelirteclerinin ve lenfomalarda CD antijenlerinin
(CD20, CD3, vb.) tespitinde kullanilir.
Immiinositokimya (ICC) teknigi ise, hiicre diizeyinde
yapilan immiin boyamadir. Doku yerine hiicre
siispansiyonu ya da sitolojik drnekler kullanilir (6rnegin
PAP smear ya da viicut sivilart). Genellikle in vitro hiicre
kiiltiirii ¢alismalarinda da kullamlir. Immiinofloresan
Boyamada (IF) ise antikorlar, floresan boya (6rnegin
FITC, Alexa Fluor) ile isaretlenmistir. Reaksiyon sonrast
boyanan hiicreler, floresan mikroskobu ile goriintiilenir.
ANA, anti-dsDNA, ANCA gibi otoantikorlarin
tayininde, lupus  gibi
hastaliklarinin tanisinda, bobrek biyopsilerinde immiin
kompleks birikiminin gosterilmesinde kullanilir.5®

kesitlerinde  spesifik

Pemfigus, bag dokusu

Tani ve Tedavide Immiinboyama Uygulamalari
T1bbi laboratuvarlarda boyama
(immunostaining), hiicrelerde veya doku kesitlerinde

immiin

belirli proteinlerin (antijenlerin) varligimi ve dagiliminm
gostermek i¢in kullanilan giiglii bir tekniktir. Genellikle
mikroskop altinda gozlemlenebilir hale getirmek icin
antijen-antikor etkilesimi esas alinir. Bu yontem, tanisal
patoloji, arastirma ve hastaliklarin molekiiler diizeyde
anlagilmasi  acisindan olduk¢a degerlidir. Tibbi
laboratuvarlarda kanser tanist ve siniflandirilmasinda,
prognostik belirteclerin belirlenmesinde, hedefe yonelik
tedavi  kararlarinda (6rn.  HER2  pozitifliginde
trastuzumab kullanimi), inflamatuvar ve otoimmiin
hastaliklarin  tanisinda ve enfeksiyon etkenlerinin
lokalizasyonunun (6rn. HPV, CMYV) belirlenmesinde
kullanilir (Tablo 1).64% Immiinboyamanin avantajlari;
Protein ekspresyonunun hiicre ya da doku diizeyinde
lokalizasyonunu vermesi, histopatolojik



degerlendirmeyle birlikte yorumlanabilir olmasi, hem
tanisal hem prognostik bilgi saglamasidir. Dezavantajlari
ise, antikor secimi ¢ok kritiktir, spesifik olmayan
boyanma yanlis pozitiflige neden olabilir, teknik beceri
ve tecriibe gerektirir.

8. Omik Teknolojiler

Omik teknolojileri, biyolojik yiiksek
¢Oziiniirlikli ve kapsamli bir sekilde incelemek igin
gelistirilmis bir dizi modern biyoteknolojik yontemdir.
Genomik, transkriptomik, proteomik ve metabolomik
gibi omik dallari, tibbi laboratuvarlarda hastaliklarin
tani, prognoz ve tedavi siireclerine yonelik 6nemli veriler
saglar. Omik teknolojileri, genetik, molekiiler biyoloji ve
biyoinformatik gibi disiplinlerin birlesimini i¢erir. Omik
alanlari, ¢esitli biyolojik molekiillerin etkilesimlerini ve

sistemleri

islevlerini anlamaya yonelik farkli seviyelerde veri
toplar.®

8.1. Genomik (Genom Bilimi)

Genomik, bir organizmanin tiim genetik materyalini
(DNA) inceler. Insan genomu, tiim genetik bilginin
bulundugu bir dizilimi igerir ve bu bilgi, hastaliklarin
genetik temellerini anlamada temel bir kaynaktir.
Genomik analiz, genetik mutasyonlar, varyasyonlar ve
bireyler arasi genetik farkliliklari ortaya koyar.®’

8.2. Transkriptomik (Gen Ekspresyonu)
Transkriptomik, hiicrelerde hangi genlerin aktif
oldugunu ve ne kadar ekspresyon gosterdigini inceleyen
bir alandir. Genetik materyalin RNA’ya doniistiirilmesi
ve ardindan proteinlere gevrilmesi siireci, transkriptomik
analizlerle belirlenebilir. Bu, gen ekspresyonunun
hastaliklarin erken tespiti ve tedaviye yonelik potansiyel
biomarkerlerin kesfi agisindan kritik dneme sahiptir.®’
8.3. Proteomik (Protein Bilimi)

Proteomik, bir hiicredeki tiim proteinlerin yapisini,
fonksiyonlarini ve etkilesimlerini analiz eder. Proteomik,
organizmalardaki proteinleri ve proteinlerin nasil
calistigin1 inceleyen bir alandir. Proteinler, hiicresel
islevlerin ¢ogunu yerine getirir ve dolayisiyla
hastaliklarin patogenezinde 6nemli bir rol oynar.

o Proteom Profilleme: proteinlerin
miktari, yapisi bilgi
saglayarak, hastaliklar1 ve biyolojik siiregleri takip

Hiicrelerdeki
ve fonksiyonu hakkinda

etmeyi saglar. Yiiksek verimli teknolojilerle, binlerce
proteinin ayni anda analizi yapilabilir.

e Protein-Protein Etkilesimleri (PPI): Bu
etkilesimlerin incelenmesi, biyolojik siireglerin ve
hastaliklarin mekanizmalarini1 anlamay1 saglar.

o Hedeflenmis Protein Analizi: Ozellikle kanser gibi

hastaliklarin ~ tedavisinde,  tedaviye  direncli
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proteinlerin hedef alinmasi 6nemlidir. Bu nedenle

kisiye 0Ozel yeni ilag gelistirme siireclerinde
proteomik ¢alismalara bagvurulur.%®
8.4. Metabolomik (Metabolizma Analizi)
Metabolomik, hiicre i¢indeki metabolitleri, yani

hiicrelerin enerji saglamak ve biyolojik islevlerini yerine
getirmek icin kullandigir kiiciik molekiilleri inceler.
Metabolomik analizler, hiicre icindeki kimyasal
degisimleri ve hastaliklarin metabolik profilini izlemek
icin kullanilir. Kanser, diyabet, kalp hastaliklar1 gibi
bircok hastaligin metabolik isaret¢ileri, metabolomik
teknolojilerle analiz edilebilir. Metabolomik analiz,
hastaliklarin erken tanist ve tedaviye yanit tespitinde
kullanilabilir. Ayrica metabolik yolaklarin incelenmesi,
hiicresel enerji liretimi, hiicre boliinmesi ve hastaliklarla
ilgili mekanizmalarin daha iyi anlasilmasini saglar.®®7°
Tani ve Tedavide Omik Teknolojiler

Omik teknolojileri, kisisellestirilmis tibbin temellerini
olusturmaktadir. Hastalarin genetik, protein, metabolik
ve mikrobiom profilleri, hastalarin tedaviye nasil yanit
verecekleri ve hangi tedavilerin en etkili olacagi
konusunda rehberlik edebilmektedir. Son yillarda tibbi
uygulamalarda  farmakogenomik ve  biyomarker
gelistirme dikkat c¢ekmektedir. Farmakogenomik,
ilaclarin genetik yapr ile etkilesimini inceleyerek,
hastalarin hangi ilaclar1 daha iyi tolere edecegi ve hangi
ilaclarin onlara zarar verebilecegini inceleyen alandir.
Biyomarker gelistirme ise, hastaliklarin erken teshisi i¢in
yeni ve spesifik biyomarkerlerin kesfini takiben,
hastaliklarin seyrini daha iyi izleme ve hedefe yonelik
tedavi secenekleri sunan bir alandir.”

Omik teknolojilerinin tibbi laboratuvarlarda, kanserin
erken tanist1 ve tedavisinde kullanilabilir. Kanser
hiicrelerinin genomik ve proteomik o&zellikleri analiz
daha iyi
anlagilabilir. Genetik mutasyonlar ve proteomik
analizlerle belirlenen biyomarkerler, kanserin spesifik
tiirlerinin taninmasini saglayabilir, hedefe yonelik tedavi
yontemleri gelistirilebilir. Ornegin, kanser tedavisinde

edilerek, kanserin molekiiler temelleri

kullanilan hedefe yonelik ilaclar, kanser hiicrelerinin
genetik profillerine gore sekillendirilmektedir (Tablo 1).
Omik teknolojileri ayrica genetik hastaliklarin erken
tamsinda kullanilabilmektedir. Ornegin, kardiyovaskiiler
hastaliklar, diyabet ve Alzheimer gibi hastaliklar,
genetik ve metabolomik profille erken evrelerinde teshis
edilebilir.  Genomik analizler, bireylerin genetik
yatkinliklarin belirleyerek, hastaliklarin 6nceden tahmin
edilmesini miimkiin ~ kilmaktadir. Mikrobiyomun
genomik ve metabolomik analizi, enfeksiyon



hastaliklarinin  daha hizli ve dogru bir sekilde
tanimlanmasina olanak tanir. Mikrobiyom analizleri,
bireylerin viicutlarinda bulunan bakteri, virlis ve diger
mikroorganizmalarin ¢esitliligini ve bunlarin saghk
tizerindeki etkilerini anlamaya yonelik onemli veriler
sunar. Bu sayede, antibiyotik direnci gibi Onemli
sorunlar caligmalar  yapilabilir. ~ Omik
teknolojileri, bagisiklik sisteminin igleyisini ve
otoimmiin hastaliklarin mekanizmalarini incelemede de

lzerine

biiyiik rol oynamaktadir. Bagisiklik hiicrelerinin genetik
ve proteomik analizleri, hastaliklarin erken teshisini ve
yeni tedavi yontemlerinin gelistirilmesini saglar.’>"

Omik teknolojiler (genomik, transkriptomik, proteomik
ve metabolomik gibi), biiyik analitigi,
biyoinformatik ve yiiksek ¢ozinirliiklii analiz cihazlar

veri

gibi giicli altyapilar gerektirir. Bununla birlikte, bu
teknolojilerin yayginlagmasiyla birlikte, veri yonetimi,
analiz yontemleri ve klinik entegrasyon gibi zorluklar
ortaya ¢ikmaktadir. Ayrica, omik verilerin dogrulugu ve
giivenilirligi, klinik ortamda kullanilabilirligini etkileyen
onemli faktdrlerden biridir.®” Omik teknolojiler biyolojik
sistemlerin  biitlinclil ve yiikksek wverili analizini
saglayarak hastalik mekanizmalarimin kapsamli bir
sekilde anlagilmasina olanak tanir. Bu yontemler,
biyobelirte¢ kesfi, kisisellestirilmis tip ve yeni tedavi
stratejilerinin ~ gelistirilmesi gibi alanlarda biiylik
avantajlar sunar. Ancak, omik teknolojiler yiiksek
maliyet, biiyiik veri analizi zorluklari ve biyolojik
verilerin yorumlanmasindaki karmasiklik gibi &nemli
dezavantajlar da tasir. Ayrica, elde edilen verilerin klinik
uygulamalara entegrasyonu i¢in ileri diizey analiz ve
dogrulama siirecleri gerekmektedir.

Gelecekte, omik teknolojilerinin daha tasginabilir ve
hale beklenmektedir.
Kisisellestirilmis tip ve tedavi planlamasi, genetik testler
ve biyomarkerler sayesinde daha hassas ve etkin bir
sekilde yapilabilir. Ayrica, yapay zeka ve makine
ogrenimi gibi teknolojilerin omik verilerle entegrasyonu,
hastaliklarin daha hizli ve dogru bir sekilde teshis

erigilebilir gelmesi

edilmesine olanak tantyacaktir.

Molekiiler Biyoloji Yontemlerinin
Laboratuvar Uygulamalarindaki Zorluklar
Gelecege dair umut vaat eden bir alan olmasina ragmen,
klinik laboratuvarlarda molekiiler biyoloji yontemlerinin

Tibbi

uygulanmasinda bazi zorluklar bulunmaktadir. Bunlar
kisaca su sekilde 6zetlenebilir:

1. Maliyet ve Ervisilebilirlik: Basta yeni nesil dizileme
(NGS) olmak tizere ¢ogu molekiiler biyoloji yontemi ve
ekipmani giiniimiizde hala yiiksek maliyetli ve 06zel
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egitimli personel gerektirmektedir. Bu sebeple ortalama
gelir diizeyine sahip iilkelerde bile bu yontemlere ulagim
hala simurhdir. Ustelik cihazlarm diizenli bakimi ve
kalibrasyonu yapilacak testlerin giivenilirligi i¢in
olduk¢a 6nem tasimaktadir. Bu da cihazin disinda rutin
olarak ekstra maliyet gerektirmektedir.

2. Verilerin Yorumlanmast ve Standardizasyon:
Molekiiler yontemler sonucunda biiyiik bir bilgi havuzu
elde edilirken, bu verilerin yorumlanmas: ve analizi
karmasik olabilmektedir. Daha 6nce belirlenmemis bir
mutasyon tespit edildiginde klinikte ne denli Gnemli
olabilecegi ancak uzman goriisiiyle anlasilabilmektedir.
PCR cihazlarmin verdigi test sonuglarmin analiz
edilmesi, sonuglandirilmasi ve raporlanmasi sonucunda
klinikte tan1 ve tedaviye uygulanmasi i¢in standart bir
protokol yoktur ve en az birka¢ uzmanin bilgi deneyim
ve ig yikiinii gerektirmektedir. Molekiiler tekniklerin
klinikte yaygin olarak benimsenememesinin Oniindeki
engellerden biri de budur.

3. Yasalar ve Etik Swumirliliklar: Molekiiler tani ve
tedavilerdeki gelisim hizi yasal diizenlemelerden ¢ok
daha hizli oldugu i¢in, 6zellikle gen manipiilasyonu ve
kisiye 6zel tip teknolojilerinin uygulanabilirligi ile ilgili
kapsamli, kusatici ve etik yonergelere ihtiya¢ vardir.
Tibbi laboratuvarlarda yaygin kullanilan molekiiler
tekniklerin tek basina tani ve tedavide kullanimlart her
zaman miimkiin olmayabilir. Bu tekniklerin de bazi
kullanim sinirliliklar: mevcuttur (Sekil 1). Ornegin; PCR
teknigi NGS’ye gore sinirli sayida bolge analiz ederken,
maliyet olarak olduk¢a ucuzdur. NGS’nin uygulamasi
oldukca zahmetli ve pahaliyken, FISH yogun emek
gerektirir ve uniparental dizomiyi tespit edemez.
Uniparental dizomi durumunda, kromozom sayisinda bir
anormallik bulunmaz; birey, belirli bir kromozom
ciftinin her iki kopyasini da ayni ebeveynden almustir.
FISH, kromozomlarin kaynagimi (maternal ya da
paternal) ayirt edemedigi icin, kromozom sayisinda
normal bir goriiniim sundugu siirece uniparental
dizomiyi tespit edemez. Bu tiir genetik degisikliklerin
saptanmast i¢in daha ileri diizey molekiiler teknikler,
ornegin mikrosatellit analizi veya SNP array gibi
yontemler gereklidir. CRISPR ise maliyet olarak ucuz ve
calisilmasi kolay bir teknik olsa da, yeterli klinik ¢aligma
bulunmamasindan dolayr yogun klinik tartigmalar
altindadir. Ayrica, CRISPR-Cas9 bazen hedeflenen
DNA dizisi disinda benzer dizileri de kesebilir. Bu
durum, genetik diizeyde istenmeyen mutasyonlara neden
olabilir. Ozellikle insan hiicrelerinde bu tiir etkiler
potansiyel olarak tumor olusumuna sebep olabilir.



CRISPR sisteminin hiicreye giivenli ve etkili bir sekilde
taginmasi hala biiyiik bir teknik zorluktur. Vektor olarak

i Kullanimlar: i

 Genetik hastaliklarn tanisi

* Enfeksiyonlarda patojenin belirlenmesi

* Kanserde biyobelirteg tespiti

« Kanser yatkinhk testi

+ Prenatal tam ve pre-implantasyon
genetik testler

PCR

+ Kanserde kisiye 6zgii biyobelirteglerin
tespiti

+ Kanser tedavilerine direncin sebebinin

tespit edilmesi

Norolojik ve zihinsel hastaliklarin

ayrintili tespiti

NGS

.

+ Kromozomal hastaliklarin tespiti

(delesyonlar, andplodiler,

amplifikasyonlar) « m
+ Kansere 6zgii biyobelirtelerin aranmasi

FISH

Tek gen hastaliklari i¢in gen tedavisinin

CRISPR o Ssarlan‘m;\:ﬁrulojik‘ akadar ?

gen mutasyonlarinin diizeltilmesi

+ DNA. RNA veya proteinlerin tespit

edilmesi

Hastaliklarin tam ve izlenmesi, genetik

bozukluklarin belirlenmesi,

+ Enfeksiyonlanin tespit edilmesi ve
tedavi siireglerinin takibi

i
BLOTLAMA
o

Molekiiler Teknikler

+ Enfeksiyon hastaliklaninin ve oto-
immiin hastaliklarinin teshisi, —

* Tiimor biyobelirteglerinin tespiti Ra A » ;;'
firefds

ELISA

IM MUN * Hiicrelerde veya doku kesitlerinde \
N s G 7 VA
belirli proteinlerin (antijenlerin)
BOYAMA varliginin ve dagiliminin gosterilmesi ) &>

+ Kisiselletirilmis tip yaklagimlari ile
kigiye/hastaliga 6zgii belirteglerin
tespiti

OMIK
L

o |

Avantajlari

Ekonomik ve protokolii oldukga kolaydir.

[+ NGS'ye gore simrlisayida bolge analiz

edilebilir.

* PCR teknigi, diger DNA veya RNA
kaynaklarindan veya ¢evreden
kaynaklanan kontaminasyona karsi

kullanilan viriisler, bagisiklik yanitlarimi tetikleyebilir
veya siirl sayida hiicreye ulasabilir.™

Dezavantajlari

* NGS’ye gore simirli sayida bolge analiz edilebilir.

kaynaklanan kontaminasyona karg: olduk¢a hassastir.

* PCR ve FISH den daha pahali ve uygulanmasi daha zahmetlidir.

* Okuma uzunlugu yetersiz kalabilir. Bu okuma uzunlugu simrlamasi,
karmasik tekrarlayan bolgelere sahip genomlari dizilerken veya biiyiik
yapisal varyasyonlari ¢6zmeye galigirken zorluklara yol agabilir.

o e s L8 aallennkali e

oldukca hassastir. Dizileme basarisi, orneklerin ¢a hassastir.
* Yogun emek gerektirir.

NGS’den ekonomik ve kolay, ancak « FISH goriintiilerini yor k igin d imli ihtiyag vardir.

PCR’dan daha pahaldir.

Mikroduplikasyonlar mikrodelesyonlardan daha az hassasiyetle tespit
edilebilir.
Uniparental dizomiyi tespit edemez

Genetik hastaliklarin kesin tedavisi igin

teori

* PCR veya ELISA gibi yontemlerle elde ™

edilen

* Molekiiliin biiyiikliigiinii (molekiiler
agirh@in) belirleme imkéni verir.
+ Hedef molekiiliin varlig ve miktan

+ Yiiksek duyarlilik ve ozgiilliktedir .
+  Otomatize edilebilir
* Cok sayida drnek ayni anda islenebilir

* Protein

doku diizeyinde lokalizasyonunu

« Histopatolojik degerlendirmeyle birlikte
yorumlanabilir olmasindan dolayr hem

tanisal

+ Kullanim gekli ve igerigi yogun etik 1
« Yeterli klinik ¢alisma olmadigindan etkileri bilinmemektedir.

ettty « Uzun donemde olusacak sonuglar bilinmemektedir.

* Hazirhk, transfer ve tespit asamalari uzun siirer.

* Cok diisiik miktardaki hedef molekiillerin tespitinde yeterli hassasiyet
gosteremeyebilir.

* ok adimh protokol nedeniyle deneysel hata olasihg artar.

« Baz 6zel problar veya antikorlar kullanldiginda maliyetli olabilir.

« Western blot gibi protein blotlamada yiiksek miktarda numune gerekebilir. |

sonuglarin dogrulanmasinda
kullanilabilir.

hakkinda bilgi saglar.

Uygulama sirasinda hata riski yiiksekyit.
« Baz ¢apraz reaksiyonlarin yanhs pozitif sonug verebilir.
* Zaman alicidir.

ckspresyonunun hiicre ya da

Antikor se¢imi gok kritiktir ve spesifik olmayan boyanma yanhs
pozitiflige neden olabilir,
*  Yorumlanmast i¢in teknik beceri ve tecriibe gerektirir.

verebilir.

hem prognostik bilgi saglar.

* Yiiksek maliyet gerektirir.

Y/

lirteg kesfi, kisisellesti
ve yeni tedavi stratejilerinin
gelistirilmesi gibi alanlarda biiyiik

Ligtp * Bilyiik veri analizi zorluklar ve biyolojik verilerin yorumlanmasindaki
karmagiklik gibi 6nemli dezavantajlar tagir.

* Elde edilen verilerin klinik uygulamalara entegrasyonu i¢in ileri diizey
analiz ve dogrulama siire¢leri gerekmektedir.

avantajlar sunar.

Sekil 1. Tibbi laboratuvarda kullanilan/kullanilma potansiyeli olan molekiilér tekniklerin avantaj ve dezavantajlaﬁ

SONUC VE GELECEK BEKLENTILERI
Teknolojinin hizla gelismesiyle birlikte yeni molekiiler
biyoloji teknikleri kesfedilmekte, bu tekniklerin tibbi
laboratuvarlarda kullanilabilirligi ve uygulanabilirligi
artarak devam etmektedir. Insan is giiciinii en aza
indirecek hizli ve hassas molekiiler tani testlerinin
artirllmasi ile klinikte hastaliklarin teshisi hizlanabilir.
Molekiiler analiz ve veri standardizasyon islemlerinin
uygun yazilim programlariyla bilgisayarlara
devredilmesi sonucunda; yapay zeka ve makine
O0grenimi ile verilerin daha kisa slirede ve dogru
yorumlanmasi saglanabilir. Ayni zamanda DNA
dizileme teknolojilerindeki iyilestirmelerle dizileme
maliyeti daha da diisiiriilebilir, bu sayede molekiiler
taniya erisim artirilabilir.
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CRISPR';m giivenligi ve idaresi ile ilgili endiseler devam
etmektedir. Kisisellestirilmis tip uygulamalar1 heyecan
verici ve genis kapsamli oldugundan aragtirmacilar hala
viicudun hasarli DNA'y1 tamima ve onarma yetenegi
iizerindeki etkisini daha iyi anlamaya caligmaktadir.
CRISPR/Cas9 ile kanser hiicrelerinde tiimoérle iligkili
olan genlerinin/mutasyonlarin dogrudan hedeflenmesi
saglanabilir, bu da tiimor biiylimesine ve metastatik
kapasiteye yol agan genetik degisikliklerin ortadan
kaldirilmasina izin verir. Hastalarin NGS ile kanser
genomik profillerinin elde edilmesi sonrasi, kisiye 6zgii
mutasyonlarin tanimlanmast ile kisiye 6zel CRISPR/Cas
aracili ilaglar tasarlanabilir.”

Mikro Olgekli caligmalarda yeni molekiiler biyoloji
cihazlarinin kesfedilmesi, az ve/veya yetersiz genetik
materyalle  bile

caligmalarin  yiriitiilebilmesine,



hastaliklarin teshisi ve yOnetiminin iyilestirilmesine
olanak saglayabilir. Dahasi, CRISPR-Cas9 genom
diizenleme aracinin rutin klinik tanilamaya dahil
edilmesi tedavide devrim yaratma potansiyeline sahiptir.
Bu teknoloji daha hedefli ve kisiye oOzel tedavi
stratejilerinin de kapilarini aralamaktadir.

Sonu¢ olarak, molekiiler biyoloji yoOntemleri tibbi
laboratuvarlarda vazgegilmez araglar haline gelerek tani,
genetik test ve hastalik izlemede devrim yaratti. PCR,
NGS, FISH ve CRISPR tabanl teknolojilerin klinik is
akiglarina entegrasyonu tibbi tanilarin kesinligini ve
dogrulugunu artirarak hastalara kisisellestirilmis saglik
imkan1 sunmaktadir. Molekiiler tekniklerin
uygulanmasinda maliyetin yiiksekligi, erisim zorlugu ve
veri analizinin yetersizligi gibi sinirliliklar devam etse de
molekiiler teknolojilerdeki devasa ilerlemeler tibbi
laboratuvarlardaki tani1 ve tedavi alanina biiylik ivmeler
kazandirmay1 vaat etmektedir. Saglik teknolojilerin
devam eden evrimi molekiiler tibbin ilerlemesine ve

hasta tedavi siireclerinin iyilestirilmesine katkilar

saglayacaktir.

Yazarhk katki beyani

Konsept ve dizayn: ST, FBT, SCU.

Verilerin elde edilmesinde: ST and FBT.

Verilerin analizi ve yorumlanmasinda: ST, FBT, SCU.
Makale yaziminda: SCU.

Makale revizyonu ve entelektiiel katki: SCU.

Etik Beyan

Mevcut yazi bir derleme makalesi oldugu i¢in etik kurul
onay1 gerektirmemektedir.

Yazar ¢cikar catismasi

Yazar potansiyel ¢ikar catismasi yoktur.

Fon

Bu derleme i¢in maddi destek alinmamustir.
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