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Purpose: The value of serum cluster of differentiation 26 (CD26) in gastric cancer remains unknown. We investigated serum CD26 as a non- 
invasive serological marker for the diagnosis of gastric cancer and its relationship with serum human epidermal growth factor receptor-2 
(HER2) levels.
Patients and Methods: We enrolled 393 gastric cancer patients treated with endoscopic resection or surgery, and 90 healthy 
controls. HER2 positivity in tissue was evaluated by immunohistochemistry staining, and the serum CD26 and HER2 levels were 
measured using an enzyme-linked immunosorbent assay.
Results: Serum CD26 levels were significantly lower in gastric cancer patients than in healthy controls (582.2 ± 254.3 vs 862.7 ± 
410.6 ng/mL, P<0.001). Serum CD26 levels were significantly lower in advanced gastric cancer compared to early gastric cancer 
(642.2 ± 333.9 vs 503.4 ± 332.7 ng/mL, P<0.001), and tended to decrease with gastric cancer progression. To diagnose gastric cancer, 
the optimal cut-off value of serum CD26 was 762.7 ng/mL with 75.6% sensitivity and 64.4% specificity. Serum CD26 levels were 
weakly correlated with serum HER2 levels (rs=0.363, P<0.001). However, no difference in serum CD26 levels was observed between 
tissue HER2-negative and HER2-positive gastric cancer groups (586.2 ± 362.1 vs 579.6 ± 264.8 ng/mL, P=0.898).
Conclusion: CD26 is a useful non-invasive serological marker for gastric cancer diagnosis; however, its levels do not correlate with 
HER2 status.
Keywords: gastric cancer, biomarker, CD26, HER2

Introduction
Gastric cancer is one of the main health issues worldwide, and the most common cancer in South Korea.1 In South Korea, cancer 
screening is implemented as a part of the national cancer screening program; men and women over 40 years of age undergo upper 
endoscopy every 2 years for the screening of gastric cancer. In addition, upper endoscopy is recommended every year for those 
with a family history of gastric cancer, or those that are at high risk for gastric cancer such as patients with chronic atrophic 
gastritis or with intestinal metaplasia.2,3 Although endoscopy is the best method for screening, the presence of a serological 
marker that can predict cancer, such as α-fetoprotein for hepatocellular carcinoma or carcinoembryonic antigen for colorectal 
cancer, will be of great help in screening. Development of serological biomarkers in countries with a high prevalence of gastric 
cancer is important for screening and early detection; however, there are no serological markers specific for gastric cancer.

Several studies have reported that the cluster of differentiation 26 (CD26)/dipeptidyl peptidase-4 (DPP-4) gene affects 
the invasiveness of various cancer cells.4–8 CD26 has been revealed as a useful serological marker for the detection of 
colorectal cancer, as well as a prognostic factor that promotes metastasis of human colorectal cancer.4,9 However, the 
value of serum CD26 for the diagnosis of gastric cancer remains unknown.10

The human epidermal growth factor receptor-2 (HER2) protein, a member of the transmembrane tyrosine kinase 
receptor family, plays pivotal roles in cell growth, differentiation, and survival of gastric cancer.11 Several studies have 
revealed that serum HER2 levels are associated with HER2 overexpression in cancer cells.12 In a study analyzing the 
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relationship between serum CD26 and gastric cancer tissue HER2, it was revealed that the serum CD26 levels were low 
in HER2-positive gastric cancer, suggesting a negative relationship between them.10

Regarding the prevalence of gastric cancer, non-invasive serological markers would be beneficial for screening, 
especially in early gastric cancer (EGC). Here we aimed to investigate the role of serum CD26 as a non-invasive 
serological marker for the screening of gastric cancer and its relationship with serum HER2 levels.

Materials and Methods
Subjects
We enrolled 393 gastric cancer patients who underwent endoscopic resection or surgery at Keimyung University Dongsan 
Medical Center between June 2006 and June 2016. Ninety subjects without a history of upper gastrointestinal disease were 
enrolled as healthy controls. Patients with previous gastrointestinal surgery, with other malignancy, and with severe systemic 
comorbidities were excluded. The medical records of the registered subjects were reviewed retrospectively. Data such as sex, 
gastric cancer stage, H. pylori status, and histological type of gastric cancer by Lauren classification were collected. Cancer stage 
was based on the 7th edition of the American Joint Committee on Cancer/Union for International Cancer Control tumor, node, 
metastasis staging system.13 H. pylori positivity was defined as histologic confirmation of H. pylori by modified Giemsa or 
Warthin-starry silver stain, or CLOtest (Delta West, Bentley, Australia) positive. The histological type of gastric cancer was 
classified into intestinal (well-differentiated type) and diffuse (poorly differentiated type) according to the Lauren classification. 
This study was approved by the Institutional Review Board of Keimyung University Dongsan Medical Center (DSMC 2016–06- 
034). Informed consent obtained from the study participants for the use of their medical records data prior to study commence
ment. The biospecimens used in this study were provided by the Keimyung Human Bio-Resource Bank (KHBB), a member of 
the National Biobank of Korea, which is supported by the Ministry of Health and Welfare. All samples derived from the National 
Biobank of Korea were obtained with informed consent under institutional review board-approved protocols that in accordance 
with the Declaration of Helsinki.

Determination of Serum CD26 and HER2
The concentrations of serum CD26 and HER2 were determined by specific human CD26/DPP4 and human ErbB2 
(HER2) enzyme-linked immunosorbent assay kits, respectively (Thermo Fisher Scientific, Waltham, MA, USA). 
Enzyme-linked immunosorbent assays were performed according to the manufacturer’s instructions.

Determination of HER2 Expression in Gastric Cancer Tissues
Gastric cancer tissue HER2 immunohistochemistry (IHC) was performed by an experienced pathologist and followed the 
scoring system proposed by Hofmann et al14 and Rüschoff et al15 from 0 to 3+. In case of the IHC 2+, amplification of 
the HER2 gene was confirmed by fluorescence in situ hybridization (FISH). IHC 3+, IHC 2+, and positive FISH cases 
were considered as tissue HER2-positive.

Statistical Analyses
Continuous variables are expressed as median ± interquartile range (IQR). Categorical variables are presented as numbers and 
percentages. The Mann–Whitney U-test was used to compare the medians of continuous variables and Chi-square test was 
applied to compare categorical variables. Receiver operator characteristic (ROC) curves were used to obtain appropriate cut-off 
values of serum CD26 for the diagnosis of gastric cancer. The relationship between serum CD26 and serum HER2 was analyzed 
using the Spearman rank correlation (rs). Two-sided P values of less than 0.05 were considered statistically significant. All 
statistical analyses were performed using Analyse-it (version 5.90, Analyse-it Software, Ltd., http://analyse-it.com/; 2021).

Results
Baseline Characteristics of Subjects
Table 1 shows the baseline characteristics of gastric cancer patients and control patients. The median age of the gastric 
cancer group was 64.0 ± 16.0 years and that of the control group was 58.0 ± 20.1 years. The male to female ratio was 
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251/142 in the gastric cancer group. The proportion of intestinal-type gastric cancer was 52.4%, and that of diffuse-type 
gastric cancer was 46.8%. The ratio of EGC to advanced gastric cancer (AGC) was 227/166. The H. pylori positivity was 
73.0% in the gastric cancer group.

Serum CD26 Levels in Gastric Cancer Patients vs Controls
First, healthy control and gastric cancer patients were compared and lower serum levels of CD26 were observed in 
gastric cancer patients than that in control patients (862.7 ± 401.6 vs 582.2 ± 327.3 ng/mL, P<0.001) (Figure 1). In the 
comparison between EGC and AGC, serum levels of CD26 were lower in AGC than that in EGC (642.2 ± 333.9 vs 503.4 
± 332.7 ng/mL, P<0.001, respectively) (Figure 2). Analysis was performed according to the gastric cancer stage and 
a trending decrease in serum CD26 was observed as the stage of gastric cancer progressed (P<0.001; stage 1 versus stage 
2, P=0.002; stage 1 versus stage 3, P<0.001) (Figure 3).

Table 1 Baseline Characteristics of Study Subjects

Gastric Cancer (n = 393) Controls (n = 90) P value

Age (years, median ± IQR) 64.0 ± 16.0 58.0 ± 20.1 <0.001
Sex, n (%)

Men 251 (63.9) 41 (45.6) 0.001

Women 142 (36.1) 49 (54.4)
Gastric cancer stage, n (%)

Early 227 (55.8)

Advanced 166 (44.2)
H. pylori, n (%)

Positive 287 (73.0)
Negative 106 (27.0)

Lauren classification, n (%)

Intestinal 209 (53.2)
Diffuse 184 (46.8)

Serum CD26 (ng/mL, median ± IQR) 582.2 ± 327.3 862.7 ± 401.6 <0.001

Abbreviation: IQR, interquartile range.

Figure 1 Serum level of CD26 in gastric cancer versus controls. The serum CD26 level was significantly lower in the gastric cancer group than in the control group.
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Power of Serum CD26 in the Diagnosis of Gastric Cancer
ROC curve analysis was performed to evaluate the gastric cancer diagnostic ability of serum CD26 value. The optimal 
cut-off value of serum CD26 was 762.7 ng/mL for the diagnosis of gastric cancer, with a sensitivity of 75.6% and 
a specificity of 64.4% (area under the curve (AUC): 0.719, 95% CI: 0.660–0.778) (Figure 4).

Correlation Between Serum HER2 and Tissue HER2 Status
The correlation between serum HER2 and tissue HER2 was analyzed and serum HER2 levels were significantly 
correlated with tissue HER2 status (P=0.003) (Figure 5A). ROC curve analysis was performed and the AUC for 
serum HER2 was 0.638 (95% CI: 0.543–0.732) and the optimal cut-off value of serum HER2 was 11.3 ng/mL for 
diagnosing HER2-positive gastric cancer, with 63.6% sensitivity and 66.8% specificity (Figure 5B). When the cut-off 
value was reset to 13.8 ng/mL, the sensitivity and specificity for HER2-positive gastric cancer diagnosis were 18.2% and 
91.4%, respectively.

Figure 2 Serum level of CD26 according to the EGC and AGC. As the gastric cancer progresses from control to EGC and from EGC to AGC, the serum CD26 value is 
significantly lowered. 
Abbreviations: EGC, early gastric cancer; AGC, advanced gastric cancer.

Figure 3 Serum level of CD26 according to the T stage of gastric cancer. Serum CD26 levels were significantly lower in stage 2 and stage 3 compared to stage 1.
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Relationship Between Serum CD26 and Serum HER2 Levels
Finally, correlation analysis was performed to analyze the correlation between serum CD26 and serum HER2 levels. 
Serum CD26 levels had a weak positive correlation with serum HER2 levels (rs=0.363, P<0.001) (Figure 6A). However, 
no statistically significant difference in serum CD26 levels was observed between tissue HER2-negative and -positive 
gastric cancer groups (586.2 ± 362.1 vs 579.6 ± 264.8 ng/mL, P=0.898) (Figure 6B).

Figure 4 ROC curve of serum CD26 in the diagnosis of gastric cancer. With a serum CD26 cutoff values 762.7 ng/mL, the sensitivity and specificity of CD26 to distinguish 
gastric cancer from healthy controls were 75.6 and 64.4%, respectively. 
Abbreviations: ROC, receiver operator characteristic; AUC, area under the curve.

Figure 5 (A) Correlation between serum HER2 levels and tissue HER2 status. Serum HER2 levels were significantly correlated with tissue HER2 status (P=0.003), (B) ROC 
curve of serum HER2 in a diagnosis of HER2-positive gastric cancer. The AUC for serum HER2 was 0.638 (95% CI: 0.543–0.732) and the optimal cut-off value of serum 
HER2 was 11.3 ng/mL for diagnosing HER2-positive gastric cancer, with 63.6% sensitivity and 66.8% specificity. 
Abbreviation: ROC, receiver operator characteristic.
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Discussion
In this study, we found that serum CD26 levels were significantly lower in gastric cancer patients than that in control 
patients. In particular, we observed that the serum CD26 levels significantly reduced from EGC to AGC and from stage 
I to III. In addition, it was shown that the serum HER2 levels reflects the tissue HER2 levels. The serum HER2 levels had 
a weak positive correlation with the serum CD26 levels; however, no significant difference was observed in serum CD26 
levels between HER2-negative and HER2-positive gastric cancers.

CD26/DPP-4 is a multifunction glycoprotein with intrinsic DPP-4 activity, which is expressed on epithelial cells and 
lymphocytes.16,17 This protein functions as a proline-specific dipeptidyl peptidase that is involved in T-cell activation and 
can cleave several chemokines.18 The major substrates of CD26 are gastric inhibitory polypeptide and glucagon-like 
peptide-1; therefore, CD26 inhibitors have been used in the treatment of type II diabetes.19 In addition, CD26 is involved 
in tumorigenesis and may act as a tumor suppressor or activator, depending on the tumor microenvironment.20,21 

Recently, over-expression of CD26 was founded in several cancers, including malignant mesothelioma,22 thyroid 
cancer,23 urothelial cancer,24 and pancreatic cancer.25 In contrast, under-expression of CD26 has also been reported in 
colorectal cancer (CRC). Cordero et al reported decreased serum CD26 levels in patients with CRC compared to healthy 
controls in early CRC.26 De Chiara et al measured serum CD26 levels in 299 patients who underwent colonoscopy and 
reported that CRC patients had lower serum CD26 levels than those without CRC.27

Although data related to CD26/DPP-4 expression in gastric cancer are currently limited, relevance has been reported 
as a marker for gastric cancer stem cells (CSCs).28 In this study, the authors used the CD44 and CD26 markers to identify 
gastric CSCs with distinct tumorigenicity. In vivo, CD26+/CD44+ cells demonstrated the highest tumorigenicity, while 
CD26-/CD44- CSCs demonstrated very low or no tumorigenicity. Another study demonstrated CD26 as a marker of the 
invasive gastric CSCs phenotype, and that CD26-/CXCR4- gastric CSCs transformed into a more invasive phenotype.29 

In a clinical study by Boccardi et al,10 which measured serum CD26 levels in gastric cancer patients, the gastric cancer 
group had lower serum CD26 levels than the control group. The authors suggested that serum CD26 could be an early 
detection marker for gastric cancer and may serve as a prognostic marker.10

Another noteworthy result of the study by Boccardi et al was that HER2-positive patients with gastric cancer had 
lower CD26 levels compared to HER2-negative gastric cancer patients.10 HER2 is an oncogene that promotes cell 
proliferation and inhibits cell death, and is overexpressed in 6–35% of gastric cancer cases.30 HER2 overexpression is 
used as a predictive index for gastric cancer and is associated with a low survival rate.31 In addition, HER2-positive 
patients were treated with trastuzumab (Herceptin), a targeted treatment for gastric cancer. In another study, the 
Herceptin combination therapy group showed a superior survival rate.32 Therefore, for all patients diagnosed with 
gastric cancer, it is very important to perform HER2 testing at the time of initial diagnosis for prognosis evaluation and 

Figure 6 (A) Relationship between serum CD26 and serum HER2 levels. Serum CD26 levels had a weak positive correlation with serum HER2 levels. (B) Serum level of 
CD26 according to the tissue HER2-negative and -positive gastric cancer. There was no statistically significant difference in serum CD26 levels between tissue HER2-negative 
and -positive gastric cancer groups.
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to guide treatment decisions. In this study we observed that the non-invasive serum HER2 level reflects the tissue HER2 
status well, and it can be used as a tool to replace biopsy in the future. However, unlike the study by Boccardi et al, in 
this study, although there was a weak positive correlation between serum HER2 and serum CD26 (rs=0.363), there was 
no significant difference in serum CD26 levels between the HER2-positive and HER2-negative gastric cancer groups. 
Although the results are considered more reliable with a large sample of 393 gastric cancer patients, this is 
a retrospective study; hence, the possibility of various biases cannot be excluded. Therefore, the relationship between 
CD26 and HER2, ie, whether the status of HER2 can be predicted by measuring serum CD26 levels, needs to be 
investigated in future studies.

The advantage of this study is that it presented the role of serum CD26 as a gastric cancer screening tool more 
effectively than previous studies, by collecting and analyzing serum from a relatively large number of gastric cancer 
patients. In addition, through analysis according to the tumor stage, it was possible to observe the change in the serum 
CD26 levels according to tumor progression. However, as this was a retrospective study that analyzed data from patients 
who underwent endoscopic resection or surgery, there was almost no serum from stage IV gastric cancer patients. The 
fact that no analysis was performed for stage IV patients is a limitation of this study.

Conclusion
In conclusion, serum CD26 levels are considered useful non-invasive serologic markers for the diagnosis of gastric 
cancer. This new biomarker can be used as an auxiliary tool for endoscopic gastric cancer screening to enable early 
diagnosis, which can be expected to reduce mortality and medical costs. Serum CD26 levels do not appear to be 
correlated with HER2 status in gastric cancer; however, more research is needed in the future to further evaluate the 
relationship between CD26 and HER2.
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