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Elevated serum CD26 level is associated with metastasis and
post-operation survival in pancreatic cancer patients
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Background: It has been proved that soluble CD26 (sCD26) has a close relationship with several types of
cancers, while its level in pancreatic cancer has not been well established.

Methods: In this study, enzyme-linked immunosorbent assay (ELISA) was applied to test the serum
concentration of sCD26 in a total of 148 patients with different pancreatic diseases, including 92 pancreatic
ductal adenocarcinoma (PDAC) patients. The correlation between sCD26 level and the clinicopathological
features as well as post-operation survival of PDAC patients was also analyzed.

Results: In this cohort, the average sCD26 concentration in healthy donors was 361.30£154.64 pg/L, while
it varied in different types of pancreatic diseases. The preoperative sCD26 concentration of PDAC patients
was 426.36£207.62 pg/L, which was higher than that in healthy donors (P=0.048) and closely related with
tumor location, size, distant metastasis, tumor stage and post-operation survival time. But after operation,
the serum concentration decreased to 243.44+113.90 pg/L in PDAC patients.

Conclusions: The findings of this study have unveiled the concentrations of sCD26 in pancreatic diseases,
and correlations between increased sCD26 level and favorable clinicopathological features as well as post-

operation survival in PDAC patients were also detected.
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Introduction duct, kidney proximal tubules, pancreas, placenta, lung,

CD26/dipeptidyl peptidase IV (DPPIV) has become a
research focus in recent years, especially in cancer research.
It is a 110-kD transmembrane glycoprotein distributed
throughout almost all mammalian tissues and cells,
including the epithelium cells of the intestine, liver, bile
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thyroid gland, adrenal, and prostate gland (1-4). Soluble
CD26 (sCD26) has also been detected in biological fluids,
including serum, plasma, urine, synovial, semen, and
cerebrospinal fluid (5).

The serum level of sCD26 in patients of a variety of
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diseases has been of research interest during the past
decade, wherein sCD26 in cancer patients has attracted the
most attention. Cordero and colleagues found a decreased
sCD26 level in colorectal cancer patients, and they found
that sCD26 can act as a prognostic marker of early CRC
patients (6). Blanco-Prieto found that sCD26, together with
calprotectin and EGE, can be applied to identify patients at
high-risk for lung cancer (7). Molica and colleagues proved
that sCD26 may provide a useful insight into the complex
interrelationship of prognostic variables and predict clinical
outcome of patients with early B-chronic lymphocytic
leukemia. In addition, sCD26 has also been extensively
studied in breast cancer (5), melanoma (8), and oral
cancer (9). The altered concentration and its clinical
significance of sCD26 in cancer patients have been well
reviewed by Cordero et al. (10).

Pancreatic ductal adenocarcinoma (PDAC) is the fourth
leading cause of cancer related death worldwide. The poor
prognosis is mainly attributed to the malignant biological
behavior of the tumor. Moreover, another important reason
is due to the difficulty in early detection of this disease. Till
now, the sCD26 in pancreatic cancer patients has rarely
been studied. This study aimed to determine the sCD26
level in different types of pancreatic diseases, including
pancreatitis, solid-pseudopapillary tumor (SPT) of the
pancreas, pancreatic neuroendocrine neoplasms (pNENs),
serous cystadenoma (SC), mucinous cystadenoma (MC),
and PDAC. The correlation between sCD26 concentration
and the clinicopathological characteristics or post-operation
survival of patients with pancreatic cancer will also be
assessed.

Methods
Patients

A total of 148 patients were enrolled in this study, including
92 patients with PDAC (age range, 28-82 years), 21 patients
with pancreatitis (age range, 17-72 years), 17 patients with
SPT (age range, 11-54 years), 9 patients with pNENs
(age range, 29-63 years), 5 patients with SC (age range,
38-79 years), 4 patients with MC (age range, 47-81 years).
Eighty-six healthy donors (46 men and 40 women; age
range, 18-78 years) were also included. Type 2 diabetes
mellitus patients were excluded from this study, and
nobody received DPP4 inhibitors. All the pancreatic
adenocarcinoma patients underwent surgical resection at
Peking University Cancer Hospital between May 2010
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and June 2012. Patients who had undergone preoperative
(neoadjuvant) chemotherapy were excluded. Preoperative
serum samples were collected from all the patients, and
postoperative serum samples were collected from 49 of
92 PDAC patients, 10 of 17 SPT patients, 6 of 9 pNENs
patients, 4 of 5 SC patients, 4 of 4 MC patients, while
none of the pancreatitis patients. The median time elapsed
between 1" and 2™ blood sampling was 8 (IQR =5) days.
We were blind to the information of individual participants
during the determination of sCD26 level. The protocol of
this study was approved by the ethical committee of Peking
University Cancer Hospital (ethical approval number:
2010031426), and written informed consent was obtained
from each patient prior to initiation.

Preparation of samples

After collection by venipuncture, all blood samples were
stored in serum storage tubes and centrifuged at 1,500 rpm
for 15 min at 4 °C. And then the isolated serum was stored
at =80 °C until use.

Determination of serum CD26 levels

The serum CD26 levels in all the patients and the
healthy donors were determined using enzyme-linked
immunosorbent assay (ELISA) kits (Human sCD26
Platinum ELISA kit, eBioscience, Austria) according to
the manufacturer’s instructions. Mean sCD26 level was
determined by calculating the mean value of duplicate
measurements of each sample. Standard curve was
developed by plotting the mean absorbance for each
standard concentration (calculated in duplicate) on the
ordinate against the human sCD26 concentration on the
abscissa.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS
Inc., Chicago, IL, USA). All numeric data were tested for
normal distribution using the one-sample Kolmogorov-
Smirnov test. Results were presented as mean + standard
deviation (SD) values for variables that follow a normal
distribution. The two-tailed Student’s #-test was performed
for comparison. Simple bivariate Pearson test were used
to study the correlation of sCD26 level before and after
operation. The survival curves were estimated by Kaplan-
Meier analysis, and P values were calculated by log rank
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test. The effect of different features on patient survival was
evaluated by multivariate analysis with the Cox proportional
hazards regression model. Diagnostic value of sCD26 was
evaluated by receiver operating characteristic (ROC) curve.
P<0.05 was considered statistically significant.

sCD26 levels in pancreatic diseases
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Figure 1 sCD26 concentrations in different types of pancreatic
diseases and healthy donors. sCD26, soluble CD26; pre-op., pre-

operation; post-op., post-operation.

Table 1 sCD26 concentration in different types of pancreatic diseases

Ye et al. Elevated sCD26 level in pancreatic cancer patients

Results

sCD26 level increased in preoperative pancreatic cancer
patients while decreased after operation

We measured sCD26 level in serum of 86 healthy donors
and in preoperative serum of 92 pancreatic cancer
patients. Patients in these two groups did not differ in age
(P=0.574) and gender (P=0.684). The average sCD26 level
in preoperative serum of pancreatic cancer patients was
426.36+207.62 pg/L, which was significantly higher than
that in the healthy donors (361.30£154.64 pg/L, P=0.048).
In addition, we also tested the postoperative sCD26 in 46
of the above 92 PDAC patients. Interestingly, a dramatic
decrease was observed in postoperative sCD26 level, with a
sCD26 level of 243.44+113.90 pg/L, which was significantly
lower than healthy donors (P<0.001, Figure 1 and Table 1).

Variable sCD26 levels in other pancreatic diseases

In order to find out whether the changed sCD26 in pancreatic
cancer was cancer specific, we also tested the sCD26 levels
in other pancreatic diseases (Figure 1 and Table ). We found
variable preoperative sCD26 levels in different diseases, with
the highest in pancreatitis (617.59£303.56 pg/L), and the
lowest in SP'T (236.78+70.56 pg/L). In pNENS patients, the

Groups No. of patients Mean (ug/L) Median (ug/L) Range (ug/L) P value*
Healthy controls 86 362.12+135.47 376.49 133.36-688.79 -
PDAC (pre-op.) 92 426.36+207.62 404.17 93.98-975.03 0.048
PDAC (post-op.) 49 243.44+113.90 231.33 52.27-599.02 <0.001
SPT (pre-op.) 17 236.78+70.56 222.01 87.44-333.52 <0.001
SPT (post-op.) 10 219.77+73.96 209.67 100.89-318.64 <0.001
MC (pre-op.) 4 347.48+227.11 348.81 111.31-581.00 0.851
MC (post-op.) 4 307.63+193.08 264.50 150.30-551.23 0.503
SC (pre-op.) 5 443.33+145.30 477.33 238.12-588.71 0.223
SC (post-op.) 4 358.05+160.58 344.90 183.23-559.30 0.971
pNENSs (pre-op.) 9 347.97+91.05 341.68 227.35-472.24 0.770
pPNENSs (post-op.) 6 315.88+83.76 312.84 204.56-427.96 0.480
Pancreatitis 21 617.59+303.56 578.30 139.61-1,221.17 <0.001

Data represent mean + SD. *, compared with healthy controls. sCD26, soluble CD26; PDAC, pancreatic ductal adenocarcinoma; SPT,
solid-pseudopapillary tumor; MC, mucinous cystadenoma; SC, serous cystadenoma; pNENSs, pancreatic neuroendocrine neoplasms; pre-

op., pre-operation; post-op., post-operation; SD, standard deviation.
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Table 2 Association of sCD26 level with clinicopathological

features in PDAC patients

Parameter No. of sCD26 P value
patients (%) concentration
(Ho/L)

Gender 0.086
Male 52 (56.52) 458.95+241.43
Female 40 (43.48) 383.99+192.85

Age 0.103
<60 40 (43.48)  466.65+226.37
>60 52 (566.52) 395.36+188.34

Location <0.001
Head 62 (67.39) 486.92+210.92
Body and tail 30(32.61) 301.20+132.82

Tumor size (cm) 0.008
<4 56 (60.87) 468.24+230.96
>4 36 (39.13) 361.21+145.17

Lymphovascular invasion 0.856
Absent 71(77.17) 433.66+207.16
Present 21(22.83) 424.20+214.14

Differentiation 0.283
Poor 39 (42.39) 399.12+195.10
Well-moderate 53 (567.61)  446.40+215.99

Depth of invasion 0.966
T1+T2 14 (15.22) 428.57+205.84
T3+ T4 78 (84.78)  425.96+209.26

Lymph node metastasis 0.772
NO 41 (44.57)  419.30+197.55
N1 51 (65.43) 432.03+217.16

Distant metastasis 0.006
MO 77 (83.70) 447.95+211.71
M1 15(16.30) 315.53+145.37

TNM stage <0.001
I+ 66 (71.74)  470.18+215.35
I+ v 26 (28.26) 315.11+135.57

Data represent mean = SD. sCD26, soluble CD26; PDAC,

pancreatic ductal adenocarcinoma; SD, standard deviation.
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mean sCD26 level was 347.97+91.05 pg/L, while in SC and
MC, it was 443.33+145.30 pg/L and 347.48+227.11 pg/L,
respectively. When compared with healthy donors and
PDAC patients, patients with SPT (P<0.001, both) and
pancreatitis (P<0.001, P=0.007, respectively) reached
statistical significance.

In addition, we also tested the postoperative sCD26
levels in the above diseases except for pancreatitis, and
results showed that after operation, the sCD26 levels
decreased in almost all of them, which was consistent with

PDAC (Tible 1).

Increased sCD26 level was associated with favorable
clinicopathological features of pancreatic cancer patients

Next, we evaluated the correlation of preoperative serum
sCD26 level with the clinicopathological features of
pancreatic cancer patients, and found that it was correlated
with tumor location, tumor size, distant metastasis status
and TNM stages. Specifically, sCD26 was associated with
tumor location, that was, tumors located at the head of
pancreas had a higher sCD26 level than those located at
the body and tail of the pancreas (486.92 vs. 301.20 pg/L,
P<0.001). sCD26 level was markedly lower in patients with
a larger size (>4 cm) than those with a smaller size (<4 cm)
(361.21 vs. 468.24 pg/L, P=0.008).

What’s more, in patients with (n=14) and without
metastasis (n=78), sCD26 level was 315.53 and 447.95 pg/L,
respectively. sCD26 level was markedly lower in patients
with metastasis (P=0.006). Finally, sCD26 was higher in
patients with earlier TINM stages than in later ones (470.18
vs. 315.11 pg/L, P<0.001). But in this group of patients, we
did not find a significant correlation between preoperative
serum sCD26 level and gender, age, differentiation,
lymphovascular invasion, depth of invasion and lymph node
metastasis of pancreatic cancer patients. Detailed results are
shown in Table 2.

Increased sCD26 level was associated with a longer
survival time in pancreatic cancer patients

Follow-up data were available for all the 92 PDAC patients.
Follow-up time was measured from the operation date to
time of death or the last follow-up visit. The follow-up
time of all the patients was from August 2010 to September

Transi Cancer Res 2016;5(5):512-519
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2015. During the follow-up period, 61 (66.30%) patients
died of pancreatic cancer. Median follow-up duration was
11.85 months (range, 1.13-50.73 months). For survival
analysis, we chose a cut-off level of 430 pg/L, which was
around the mean concentration of preoperative sCD26
concentration, to define high and low sCD26 concentration
groups (<430 and >430 pg/L, respectively). Kaplan-
Meier analysis and log-rank test showed that patients with
lower sCD26 level had a poorer post-operation survival
(median survival time 10.47 vs. 18.00 months, P=0.044)
(Figure 2). Furthermore, to test whether sCD26 level was
an independent prognostic factor for PDAC patients, we
performed a multivariate survival analysis, in which those
parameters associated with overall survival in univariate
survival analysis were included. In multivariate analysis,
lymph node metastasis (P=0.014), distant metastasis
(P<0.001) were independent prognostic factors related

Survival functions
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Figure 2 Kaplan-Meier overall survival analysis of PDAC patients.
Survival analysis was performed according to the concentration
level of sCD26 in patients, with a cut-off value of 430 pg/L
(P=0.044). sCD26, soluble CD26 PDAC, pancreatic ductal

adenocarcinoma.

Table 3 Cox proportional hazard regression model analysis

Ye et al. Elevated sCD26 level in pancreatic cancer patients

with overall survival of pancreatic cancer patients, while
preoperative sCD26 level was not (P=0.075). Detailed data
are shown in Table 3.

sCD26 was not a favourable diagnosis biomarker for
PDAC patients

As sCD26 has been reported to be a potential diagnostic
biomarker for certain diseases, we evaluated its diagnostic
value in PDAC patients through ROC curve analysis. As
shown in Figure 3, the area under curve (AUC) was only
0.578 (SE =0.043, 95% CI: 0.494-0.662), which was too low

to be used as a diagnosis biomarker.

Discussion

As a multi-functional protein, CD26/DPPIV is involved
in several biological and pathological processes, including
activation of T lymphocytes; degradation of a variety of
chemokines and peptides via DPPIV enzymatic activity,
which mediates its function in immunological reaction
and regulation and cancer progression (11-14). Soluble
form of CD26 is important for the biological function of
CD26. Previous studies have investigated the relationship
between sCD26 level and different types of malignancies,
including malignant hematological tumors and several types
of solid tumors (6,15,16), but few examined the relationship
between sCD26 level and pancreatic cancer. It has been
well documented that CD26 is expressed by acinar cells,
the islets, ductal cells, and the endothelium of venules or
capillary bed of the pancreas (2,10,17,18). While in one
study, sitagliptin, an approved CD26 inhibitor used for the
treatment of type 2 diabetes, was proved to increase ductal
cell turnover and to induce ductal cell metaplasia, both
of which are significant risk factors for pancreatic ductal
cancer (19). So it is very important to evaluate the sCD26
level and its clinical significance in malignant tumors

patients (including PDAC) when CD26 inhibitors are listed

Univariate Cox’s regression analysis

Multivariate Cox’s regression analysis

Variables

Relative risk 95% ClI P value Relative risk 95% ClI P value
sCD26 level: high versus low 0.594 0.356-0.993 0.047 0.620 0.366-1.050 0.075
N staging: N1 versus NO 2.219 1.291-3.815 0.004 2.018 1.151-3.538 0.014
M staging: M1 versus MO 6.565 3.306-13.037 <0.001 5.031 2.475-10.226 <0.001

sCD26, soluble CD26.
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Figure 3 ROC analysis of sCD26 in PDAC. AUC =0.578, with
SE =0.043 and 95% CI: 0.494-0.662. ROC, receiver operating
characteristic; sCD26, soluble CD26; PDAC, pancreatic ductal

adenocarcinoma; AUC, area under curve.

as prescription drugs.

In previous studies, sCD26 level was found to be
decreased in most types of cancers. Javidroozi and
colleagues found that in 139 healthy volunteers and 561
cancer patients (with various malignancies), plasma sCD26
level was significantly lower in cancer patients compared
with healthy subjects (4.38 vs. 5.65 pg/mL, P<0.001) (20),
and this was supported by other studies, such as in
lung cancer (7), melanoma (8), colorectal cancer (6).
But in pancreatic and hepatic cancer patients, things
seem to be different. In Javidroozi’s study, liver/pancreas
cancers (n=8, together) had significantly higher sCD26
(5.99+3.05 pg/mL) than healthy donors (20). And in our
study, the average serum CD26 level was higher in 92
PDAC patients than healthy donors. In addition, we also
found that higher sCD26 levels were detected in patients
with smaller tumor size, without distant metastasis, earlier
TNM stages and a longer survival time. This was in
accordance with Javidroozi’s study, that a higher DPPIV
was associated with better survival in a cohort of 346
cancers patients (20). It seems that sCD26 might play a
protective role in pancreatic cancer and other cancers,
and we presume that the underlying mechanisms may
be attributed to its regulatory effect on the immunity
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status of the human body. Through binding with the
extracellular matrix proteins CD45 and ADA, sCD26 may
enhance T cell activation, which is a very crucial process
of immunoregulation (21,22). sCD26 can also promote
T cell proliferation independent of ADA binding or even
its enzymatic activity (23,24). A recent study in colon
cancer has given us new clues. Cutler and colleagues (25)
found that conventional chemotherapeutic agents
could attenuate CXCL12-mediated migration of colon
cancer cells by selecting for CXCR4-negative cells and
increasing peptidase CD26, because increased sCD26 can
degrade CXCL12 through its DPPIV activity, leading to
the blockade of CXCL12-CXCR#4 axis, which plays an
important role in a variety of cancers, including pancreatic
cancer (26,27).

Cordero et al. reported that DPPIV enzymatic activity
was high in patients with hepatic cancer, hepatitis,
osteoporosis, cholestasis and other liver diseases (10). Based
on this, the hepatobiliary system was the first to be suggested
as the origin of sCD26 in the human body (28), which is
still an open question. Our results provided evidence that
the pancreas organ may also be among physiologic sources
of sCD26, which has been assumed before but without bold
evidence. First, unlike in other cancers, the sCD26 level
is increased in pancreatic cancer and pancreatitis patients,
which is similar with hepatic diseases. In addition, we found
that after operation, the sCD26 level was prominently
decreased in almost all the patients who suffered a tumor,
malignant or non-malignant, in some even lower than
the healthy donors. Immune cells, especially activated T
lymphocytes, stimulated B and natural killer (NK) cells, and
the hepatobiliary system were traditionally thought to be
the origins of sCD26. Now in this study, we provided new
possibilities.

As the sCD26 level always changed in response to
diseases including but not limited to cancers (8,29), we also
tested in this study the sCD26 levels in other pancreatic
diseases, including pancreatitis, SPT, pNENs, SC, MC,
with variable results in different groups. Specially, we
noted that sCD26 level strikingly increased in pancreatitis
patients. As pancreatitis patients always suffer a systemic
inflammatory response, we presume that the increase of
sCD26 level in these patients might be attributed to its
established role in T-cell immune responses.

As sCD26 has been suggested as a diagnostic marker in
different cancer types, such as gastric cancer (30), colorectal
cancer (6), and lung cancer (7), we also performed the ROC
analysis to evaluate the diagnostic value of sCD26 for PDAC
patients. While unfortunately, the result was unsatisfactory.

Transi Cancer Res 2016;5(5):512-519


javascript:void(0);
javascript:void(0);
javascript:void(0);

518

"This might be caused by relatively small sample size, so in future
study, we will enlarge the sample size so as to further assess the
potential diagnosis value of sCD26 in PDAC patients.

There are some limitations of this study. First, the sample
size was not large enough, which might bring statistical
bias into the results. Second, as it has been reported that
serum sCD26 levels are associated with state of patient
nourishment (31), in this cohort, poor-nourished patients
after pancreas surgery might be included in this cohort, so
the post-operative results might not be accurate enough.
Still we think this may not affect final results markedly,
because it is indicated that in patients with eating disorders,
the DPPIV activity was consequently increased (31). This
suggests that although we detected a significantly decreased
sCD26 concentration after operation, the actual effect of
the pancreas operations on the sCD26 level might be even
more potent. Blood collected after a longer interval from the
operation will provide more accuracy of the tested results.
Lastly, as CD26 molecule contains DPPIV enzyme activity
and almost 90-95% of DPPIV activity are associated with
serum sCD26, it is better to measure the serum level of
DPPIV enzyme activity, so as to provide more evidence to
confirm the results.

In summary, in this study, we have found an increased
preoperative sCD26 level in PDAC patients than healthy
donors, and the preoperative sCD26 level was associated
with favorable clinicopathological features and a longer
survival time of the patients. sCD26 levels in other
pancreatic diseases, including pancreatitis, SPT, pNENs,
SC, MC were also determined. Although we did not
initially intend to explore the origin of sCD26, we did
provide possible evidence that the pancreas may be listed as
one of the physiological sources of sCD26.
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