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Abstract
Background: Beta cell death by apoptosis is an important 
mechanism in beta cell dysfunction and development of 
diabetes. Inhibition of apoptosis may be helpful approach 
in the prevention of diabetes. In this context, non-invasive, 
specific markers are needed to detect apoptosis in predia-
betic stage. In the present study serum levels of cytokera-
tin-18/M30 antigen, a surrogate marker of apoptosis were 
investigated in cases with type 2 diabetes and Impaired 
Glucose Tolerance (IGT).

Materials and methods: A total of 44 patients with type 
2 diabetes, 27 cases with IGT, and 27 control cases were 
involved in the study. Serum levels of cytokeratin-18/M30 
antigen were determined by ELISA kit in the blood samples 
taken after an overnight fast.

Results: Serum level of cytokeratin-18/M30 antigen was 
found to be higher in the IGT group than those in the control 
group (P < 0.05). Serum level of cytokeratin-18/M30 antigen 
was also higher in the type 2 diabetes group in comparison 
to those in the control group, but this increase was not sta-
tistically significant. In the type 2 diabetes group, a positive 
correlation was determined between cytokeratin-18/M30 
antigen and fasting glucose (r: 0.430; P < 0.005); cytokera-
tin-18/M30 antigen level was negatively correlated with ratio 
of c-peptide/fasting glucose (r: -0.506; P < 0.05).

Conclusion: Serum cytokeratin-18/M30 antigen level is 
increased in the cases with IGT. This would imply that it 
may be a useful marker in the detection of apoptosis in 
prediabetic stage. However, the origin of increased cyto-
keratin-18/M30 antigen is not clear. This increase may also 
reflect apoptosis of inflamed fatty liver cells that is linked the 
pathogenesis of type 2 diabetes.
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Introduction

Insulin resistance is an early event in development of 
type 2 diabetes. In order to balance insulin resistance, 
pancreatic β-cells enhance production and secretion of 
insulin. Chronic hyperglycemia and prolonged tempo-
rary postprandial hyperglycemia causes further deteri-
oration in β-cell function [1]. Apoptosis, programmed 
cell death, is a normal process that occurs during mor-
phogenesis, but it also contributes to some pathological 
processes. Pancreatic beta cells can undergo apoptosis 
in vivo. Beta cell death by apoptosis was clearly demon-
strated by Scaglia, et al. in 1995 for the first time [2]. 
Over time, investigations revealed the mechanisms in-
volved in β-cell apoptosis and responsible stimuli in this 
event [3-5].

Apoptotic cell death occurs via extrinsic and intrin-
sic pathways. Extrinsic pathway is initiated by binding 
of death ligands to cell surface receptors. The intrinsic 
pathway is activated by DNA damage, and results in 
cytochrome c release from mitochondria. Activation 
of both pathways results in a downstream activation 
of a group of proteases, called as procaspases, in the 
cytoplasm. Activated caspases lead to activation of en-
donucleases, which in turn causes DNA fragmentation 
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[6]. Cytokeratin 18 is a cytoskeleton protein of epithe-
lial cells. M30 antigen is a fragment of cytokeratin 18 
which forms during apoptotic cell death, and is released 
into circulation. Cytokeratin-18/M30 antigen level in 
serum is a surrogate marker for apoptosis [7,8], and is 
determined as a marker of Nonalcoholic Steatohepatitis 
(NASH) in many studies [9-11].

Hyperglycaemia is suggested to induce apoptosis via 
p53 pathway [3]. p53 is a transcription factor which is 
activated in response to DNA damage. It stimulates ex-
pression of genes which are involved in cell cycle arrest 
at the G1/S transition to direct cell either DNA repair or 
apoptosis. In our previous study, we examined serum 
levels of p53 and cytochrome c, as markers of apopto-
sis in the patients with type 2 diabetes and cases with 
Impaired Glucose Tolerance (IGT) [12]. We determined 
lower serum P53 level in the patients with type 2 dia-
betes in comparison to control and IGT cases but there 
was no significant difference for serum cytochrome c 
level betwen the groups. We concluded that p53 and 
cytochrome c are not good markers to reflect the apop-
tosis of beta cells in peripheral circulation. The present 
study was designed as a continuation of our previous 
investigation. It was purposed to examine serum levels 
of cytokeratin-18/M30 antigen in the cases with type 2 
diabetes and IGT.

Materials and Methods

A total of 44 patients with type 2 diabetes (21 men 
and 23 women) and 27 cases with IGT (11 men and 16 
women) were enrolled from the Endocrinology, Metab-
olism and Diabetes Department of Cerrahpasa Medical 
Faculty Hospital. Type 2 diabetes was diagnosed based 
on common clinical and laboratory findings. The mean 
duration of disease was 8 ± 2 yr. Thirty two of the sub-
jects were being treated with oral anti-diabetic agents. 
21 subjects were taking metformin, and 11 subjects 
were taking metformin + gliclazide. Fourteen subjects 
with type 2 diabetes have at least one complication 
such as retinopathy, neuropathy, nephropathy or an-
giopathy. Other patients were free from diabetic com-
plications. Oral Glucose Tolerance test was applied to 
subjects who have a fasting glucose concentration be-
tween 110-126 mg/dl. Briefly 75 g of glucose dissolved 
in 200 mL tap water was given orally in the morning (7 
am). Blood samples were taken just before (0 min) and 
30, 90, and 120 min after glucose application for analy-
ses of serum glucose concentration. These time points 
were chosen to cover a 2-hour period. The IGT group 
was constituted by cases who have a glucose concen-
tration between 140-200 mg/dl at the second hour of 
Oral Glucose Tolerance Test. Cases with IGT were not 
receiving any medication. They had normal liver, thy-
roid and renal function. Three of the cases were smok-
er (1 cigarette/day). The control group was constituted 
by age and sex-matched 27 healthy volunteers (12 men 
and 15 women) among staff of the Cerrahpasa Medical 

Faculty. None of the controls had a family history of di-
abetes, and they had normal glucose tolerance. Cases 
with cancer, autoimmune disease, acute and/or chronic 
inflammatory disease, thyroid disorder, and cases who 
were taking alcohol and smoking more than 1 cigaret/
day were excluded from the study.

Blood sampling and measurements of cytokera-
tin-18/M30 antigen

5 ml of venous blood samples were taken from all 
cases after an overnight fast. Blood sample was centrif-
ugated at 3000 X g for 10 min, serum was removed and 
kept at the -80 °C until analysis. Serum level of cytoker-
atin-18/M30 antigen was determined by ELISA kit from 
Peviva AB (catolog no: 10010, Bromma, Sweden). Mea-
surements were performed according to manufactur-
ers instructions. Serum levels of glucose and c-peptide 
were measured in the routine analysis laboratory by 
spectrophotometric and chemiluminescent methods, 
respectively. Glycosylated Hemoglobin (HbA1c) levels 
in erythorcytes were determined by HPLC in the same 
laboratory.

Statistical analysis

Data are expressed as median and min-max. Sta-
tistical analysis was performed by SPSS software (ver-
sion 15). Abnormally distributed data were analysed by 
nonparametric Kruskal Wallis test. Comparison of two 
groups was performed by Mann Whitney U test. A val-
ue of P < 0.05 was considered as significant. Correlation 
analysis was performed by Spearman correlation coef-
ficient.

Results

Characteristics of the study groups and serum cy-
tokeratin-18/M30 antigen levels are shown in the Ta-
ble 1. Serum level of cytokeratin-18/M30 antigen was 
significantly higher in the IGT group than those in the 
control group (P < 0.05). Serum level of cytokeratin-18/
M30 antigen was also higher in the type 2 diabetes 
group in comparison to those in control group but this 
increase was not statistically significant (Table 1). In the 
type 2 diabetes group, patients who have a HbA1c lev-
el higher than 6.5 were considered poorly controlled 
diabetics. There was no significant difference between 
controlled and poorly controlled diabetic patients and 
between patients with and without diabetic complica-
tions for cytokeratin-18/M30 antigen level. Treatment 
with oral anti-diabetic agents was not found to be re-
lated with serum cytokeratin-18/M30 antigen level. A 
positive correlation between cytokeratin-18/M30 anti-
gen and fasting glucose (r: 0.430; P < 0.005); a negative 
correlation between cytokeratin-18/M30 antigen and 
c-peptide/fasting glucose ratio (r: -0.506; P < 0.05) were 
determined in the type 2 diabetes group. No significant 
correlation was found between cytokeratin-18/M30 
antigen and Body Mass Index (BMI). There was no sig-
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nificant relationship between cytokeratin-18/M30 anti-
gen level and levels of insulin and glucose in the control 
group.

Discussion

Adequate amount of insulin secretion from pancreas 
depends on both functional integrity and mass of the 
β-cells. Apoptosis is an important mechanism in pancre-
atic beta-cell death and development of not only type 
1 but also type 2 diabetes [1]. It has been suggested 
that hyperglycemia induces apoptosis without any com-
pensatory increase in β-cell proliferation, and leads a 
decrease in β-cell mass [13-16]. Loss of β-cell mass in 
diabetes is exacerbated by islet amyloid deposits and 
oxidative stress. β-cell apoptosis is determined in hu-
man pancreatic sections and postmortem islet grafts in 
correlation with amount of amyloid deposits [17,18]. 
Oxidative stress is a contributory mechanism in beta 
cell apoptosis. It is well documented that production of 
Reactive Oxygen Species (ROS) is increased in beta cells, 
which in turn stimulates apoptosis [19-21].

Taken together, all previous data demonstrate piv-
otal role of apoptosis in beta cell dysfunction and devel-
opment of diabetes. Since apoptosis is a contributory 
mechanism in pathogenesis of diabetes mellitus, block-
ing of apoptosis may be a new therapeutic approach 
in the prevention of diabetes. Non-invasive, specific 
markers are needed to detect apoptosis. In the present 
study, serum cytokeratin-18/M30 antigen was exam-
ined as a new marker to assess apoptosis in cases with 
IGT and type 2 diabetes. As far as we know, there is no 
clinical research examining serum levels of cytokera-
tin-18/M30 antigen neither in prediabetic stage nor in 
diabetes. In general, serum cytokeratin-18/M30 antigen 
level has been measured as a marker of apoptosis in pa-
tients with cancer [22-25], chronic hepatitis B or C virus 
infection [26,27], non-alcoholic liver disease [7,9-11,28] 
idiopathic interstitial pneumonia [29], and morbid obe-
sity [30]. The present study is first to demonstrate in-
creased cytokeratin-18/M30 antigen level in patients 

with type 2 diabetes and cases with IGT. Actually, serum 
cytokeratin-18/M30 antigen level was also higher in the 
type 2 diabetes group in comparison to control group 
but this difference did not reach at a significant level. As 
a limitation of the present study, the number of study 
cases was small. Cytokeratin-18/M30 antigen measure-
ments in larger study groups may reveal a significant 
difference between patients with type 2 diabetes and 
healthy controls. In agreement with this suggestion, 
the positive correlation determined between cytoker-
atin-18/M30 antigen and fasting glucose in the type 2 
diabetes group (r: 0.430; P < 0.005), and the negative 
correlation found between cytokeratin-18/M30 antigen 
and c-peptide/fasting glucose ratio (r: -0.506; P < 0.05) 
indicate the probable association of apoptosis and type 
2 diabetes. In addition, increased cytokeratin-18/M30 
antigen level determined in the IGT group may be an 
evidence for apoptosis in pre-diabetes stage.

On the other hand, diabetes and IGT are associated 
with increased amount of liver fat content and visceral 
fat mass [31]. Recently, majority of the data about cy-
tokeratin-18/M30 antigen levels are derived from stud-
ies which determine whether CK18 serum level may 
serve as a marker for Nonalcoholic Fatty Liver Disease 
(NAFLD) or NASH [9-11]. Cytokeratin-18/M30 antigen 
serum level has been found to be a promising non-in-
vasive biomarker for NASH in children with fatty liver 
disease [11], as well in adults with NAFLD [9], and cyto-
keratin-18/M30 antigen testing has been suggested as a 
useful tool in clinical practice. On the basis of these data, 
the higher cytokeratin-18/M30 antigen levels in the IGT 
group determined in the present study may represent a 
higher liver fat content, more realistically higher prev-
alence of inflamed fatty liver in these individuals. The 
liver is involved in the pathogenesis of type 2 diabetes. 
Especially, the liver is responsible for increased glucose 
production and dysregulated lipoprotein metabolism, 
conditions that are often found in patients with NAFLD. 
Additionally, several proteins that are exclusively or 
predominantly secreted from the liver are now known 

Table 1: Characteristics of the study groups and serum cytokeratin-18/M30 antigen levels.

Control Group

(n = 27)

IGT Group

(n = 27)

Type 2 Diabetes Group

(n = 44)
Age (year) 53 (35-66) 50 (19-77) 56 (37-74)
BMI (kg/m2) 28 (24-32) 30 (24-48) 29 (17-42)
Sistolic Pressure   (mm/Hg) 12 (9-14) 12 (9-16) 13 (11-20)
Diastolic Pressure (mm/Hg) 7 (5-9) 8 (5-9) 8 (6-10)
Total Cholesterol  (mg/dL) 180 (98-200) 192 (100-259) 177 (104-266)
Triglyceride (mg/dL) 115 (34-201) 121 (43-312) 112 (21-228)
HDL (mg/dL) 49 (36-73) 45 (33-64) 47 (32-71)
LDL  (mg/dL) 115 (48-153) 115 (44-162) 111 (53-201)
Fasting glucose (mg/dL) 88 (71-101)a 100 (86-124)b 111 (84-195)
c-Peptide (ng/mL) 3.38 (1.20-8.40)c 3.30 (0.81-8.64) 3.21 (1.41-6.20)
HbA1c (%) 5.3 (4.8-5.9)a 6.0 (4.8-6.9)d 6.4 (5.5-9.0)
Cytokeratin-18/M30 antigen  (U/L) 135 (10-510) 182 (75-950)e 170 (10-1000)
aP < 0.001 versus Type 2 Diabetes Group and IGT Group, bP < 0.005 versus Type 2 Diabetes Group, cP < 0.05 versus Type 2 
Diabetes Group, dP < 0.01 versus Type 2 Diabetes Group, eP < 0.05 versus Control  Group.
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8. Cha SI, Ryerson CJ, Lee JS, Kukreja J, Barry SS, et al. 
(2012) Cleaved cytokeratin-18 is a mechanistically informa-
tive biomarker in idiopathic pulmonary fibrosis. Respir Res 
13: 105.

9. Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN, 
et al. (2009) Cytokeratin-18 fragment levels as noninvasive 
biomarkers for nonalcoholic steatohepatitis: a multicenter 
validation study. Hepatology 50: 1072-1078. 

10. Santoro N, Feldstein AE, Enoksson E, Pierpont B, Kursawe 
R, et al. (2013) The association between hepatic fat content 
and liver injury in obese children and adolescents: effects 
of ethnicity, insulin resistance, and common gene variants. 
Diabetes Care 36: 1353-1360. 

11. Feldstein AE, Alkhouri N, De Vito R, Alisi A, Lopez R, et 
al. (2013) Serum cytokeratin-18 fragment levels are useful 
biomarkers for nonalcoholic steatohepatitis in children. Am 
J Gastroenterol 108: 1526-1531.

12. Dincer Y, Himmetoglu S, Yalin S, Damci T, Ilkova H, et al. 
(2009) Serum levels of p53 and cytochrome c in subjects 
with type 2 diabetes and impaired glucose tolerance. Clin 
Invest Med 32: E266-E270. 

13. Maedler K, Donath MY (2004) Beta-cells in type 2 diabetes: 
A loss of function and mass. Horm Res 62: 67-73. 

14. Ahrén B (2005) Type 2 diabetes, insulin secretion and be-
ta-cell mass. Curr Mol Med 5: 275-286. 

15. Pearl-Yafe M, Kaminitz A, Yolcu ES, Yaniv I, Stein J, et al. 
(2007) Pancreatic islets under attack: cellular and molecu-
lar effectors. Curr Pharm Des 13: 749-760. 

16. Lai X, Kang X, Zeng L, Li J, Yang Y, et al. (2014) The pro-
tective effects and genetic pathways of thorn grape seeds 
oil against high glucose-induced apoptosis in pancreatic 
ß-cells. BMC Complement Altern Med 14: 10. 

17. Montane J, Klimek-Abercrombie A, Potter KJ, West-
well-Roper C, Bruce Verchere C (2012) Metabolic stress, 
IAPP and islet amyloid. Diabetes Obes Metab 14: 68-77.

18. Andersson A, Bohman S, Borg LA, Paulsson JF, Schultz 
SW, et al. (2008) Amyloid deposition in transplanted human 
pancreatic islets: a conceivable cause of their long-term 
failure. Exp Diabetes Res 2008: 562985. 

19. Lenzen S (2008) Oxidative stress: The vulnerable beta-cell. 
Biochem Soc Trans 36: 343-347. 

20. Houstis N, Rosen ED, Lander ES (2006) Reactive oxygen 
species have a causal role in multiple forms of insulin resis-
tance. Nature 440: 944-948.

21. Robertson RP, Harmon JS (2007) Pancreatic islet beta-cell 
and oxidative stress: The importance of glutathione peroxi-
dase. FEBS Lett 581: 3743-3748. 

22. Ulukaya E, Karaagac E, Ari F, Oral AY, Adim SB, et al. 
(2011) Chemotherapy increases caspase cleaved cytoker-
atin 18 in the serum of breast cancer patients. Radiol Oncol 
45: 116-122. 

23. Yaman E, Coskun U, Sancak B, Buyukberber S, Ozturk B, 
et al. (2010) Serum M30 levels are associated with survival 
in advanced gastric carcinoma patients. Int Immunophar-
macol 10: 719-722. 

24. Tas F, Karabulut S, Bilgin E, Sen F, Yildiz I, et al. (2013) Clin-
ical significance of serum M30 and M65 levels in metastatic 
pancreatic adenocarcinoma. Tumour Biol 34: 3529-3536.

25. Oyama K, Fushida S, Kinoshita J, Okamoto K, Makino I, et 
al. (2013) Serum cytokeratin 18 as a biomarker for gastric 
cancer. Clin Exp Med 13: 289-295. 

to directly affect glucose and lipid metabolism [32]. For 
instance, fetuin-A is a glycoprotein synthesized in liver. 
It is a negative regulator of insulin action with its inhib-
itory effect on insulin receptor tyrosine kinase. Fetu-
in-A-fatty acid complex induces inflammatory signaling 
and insulin resistance that are involved in pathogenesis 
of type 2 diabetes mellitus [33]. Given these data, we 
think that increased cytokeratin-18/M30 antigen level 
in the subjects with IGT may reflect the increased apop-
tosis of liver cells. Unfortunately, as a limitation of this 
study, serum ALT, AST and GGT levels that are the mark-
ers of liver function were not measured.

Conclusion

In the present study we determined increased serum 
cytokeratin-18/M30 antigen level in the cases with IGT. 
It is not clear whether increased cytokeratin-18/M30 
antigen originated from pancreatic beta cells or not. 
This increase may also reflect higher prevalence of in-
flamed fatty liver that is linked the pathogenesis of type 
2 diabetes. In order to clarify exact origin of circulating 
cytokeratin-18/M30 antigen in both prediabetic and di-
abetic states further investigations are needed.
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