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Expression of GLP-1 receptor and CD26 in human
thyroid C-cells: The association of thyroid C-cell
tumorigenesis with incretin-based medicine
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Abstract. Recent reports have demonstrated that long-term
and high dosage treatments with incretin-based medicine,
such as hormone glucagon-like peptide-1 (GLP-1) may induce
thyroid C-cell pathological changes in rodents, rather than in
humans. Doubts regarding the tumorigenic potential of GLP-1
analogues in human thyroid C-cells remain. The present study
aimed to determine the expression levels of GLP-1 receptor
(GLP-1R) and cluster of differentiation 26 (CD26) in the C-cells
of thyroid tissues from non-neoplastic, medullary carcinoma
and hyperplasia subjects, and to explore the potential clinical
significance. The following cases were analyzed: Medullary
thyroid carcinoma (n=62, including 59 paraffin-embedded
samples and 3 fresh frozen samples), C-cell hyperplasia (n=20,
paraffin-embedded samples) and non-neoplastic thyroid tissue
samples (n=7, paraffin-embedded samples). GLP-1R and CD26
expression was detected using immunohistochemical staining
and western blotting. There were significant differences in
the expression levels of the two markers between medullary
thyroid carcinoma and C-cell hyperplasia, in addition to
between medullary thyroid carcinoma and non-neoplastic
thyroid tissue following immunohistochemical staining.
Similar significant differences in the expression of GLP-1R
and CD26 were detected using western blot analysis in the
medullary thyroid carcinoma compared with non-neoplastic
thyroid tissue sectioned from the aforementioned fresh frozen
samples. There was a significant negative correlation between
GLP-1R and CD26 expression. In addition, the present data
indicated that GLP-1R expression was associated with the age
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of the patients with medullary thyroid carcinoma. These results
suggested that GLP-1R and CD26 may be closely associated
with the development of thyroid C-cell hyperplasia and
medullary thyroid carcinoma, and indicated the importance of
being aware of the side effects of incretin medicine.

Introduction

Glucagon-like peptide-1 (GLP-1) analogues and cluster of
differentiation 26 (CD26) inhibitors belong to a class of medi-
cines based on incretin, which have been extensively used in
the treatment of type 2 diabetes. GLP-1 receptor (GLP-1R) is
a G protein-coupled receptor that is widely expressed in the
human body, and mediates the tumorigenesis of several types
of cancer (1). Animal experiments have demonstrated that
long-term GLP-1 treatment may induce thyroid hyperplasia,
hypercalcitoninemia or even carcinomatous changes (2).
Although previous studies have indicated that there is little or
no GLP-1R expression in human thyroid C-cells (2,3), contro-
versy remains regarding the safety of GLP-1 analogues used
as anti-diabetic drugs or combined with the use of other drugs,
such as proton-pump inhibitors (PPIs). This controversy is
mainly due to the shortage of results regarding C-cell morpho-
logical changes during or after long-term and/or large dosage
GLP-1 analogue treatment. CD26 is associated with inflam-
mation, infection, tumor biology and the enzymatic activity
of GLP-1; in addition, it is also a target for the treatment of
diabetes (4-6). The majority of studies regarding CD26 expres-
sion are in human differentiated thyroid carcinoma (papillary
thyroid carcinoma and follicular thyroid carcinoma), however
little information is currently available regarding medullary
thyroid carcinoma due to limited samples (7). Therefore, it
remains unclear whether the GLP-1 analogue or CD26 inhibi-
tors induce pathological changes in human thyroid C-cells. It is
important to pay attention to the possible side effects of GLP-1
analogues or CD26 inhibitors on thyroid C-cells, particularly
following long-term treatment with large doses.

The exact mechanisms underlying the changes to thyroid
C-cells remain to be elucidated. It is important to study the
side effects of long term use and/or large dosage therapy
with GLP-1 analogues or CD26 inhibitors on thyroid C-cells;
particularly in senior patients with diabetes or in patients with
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gastrointestinal ulcers who may receive GLP-1 analogues or
CD26 inhibitors and PPIs.

The present study aimed to detect the protein expression
levels of GLP-1R and CD26 in various differentiated C-cells
including those from non-neoplastic thyroid tissues, C-cell
hyperplasia and medullary thyroid carcinoma. An additional
aim was to explore the association between GLP-1R and
CD26, as well as their possible effects on thyroid C-cell
tumorigenesis. It is also valuable to be aware of the side effects
of incretin medicines.

Materials and methods

Human tissue processing. The samples were selected from
The First Hospital (01/2004-12/2014) and The Third Hospital
(01/2009-12/2014) of Harbin Medical University (Harbin,
China). These samples included medullary thyroid carcinoma
(n=62; 59 paraffin-embedded samples and 3 fresh frozen
samples), C-cell hyperplasia (n=20, paraffin-embedded
samples) and non-neoplastic thyroid tissue (adjacent tissue from
nodular goiter) samples (n=7, paraffin-embedded samples).
Each sample in the study was confirmed by 2 pathologists,
who were blind to the origin of the slides. Clinical patholog-
ical characteristics, including gender, age, lymph node (LN)
metastasis and clinical history (diabetes history and family
history of thyroid disease) were collected from the same data-
base of the aforementioned hospitals. The survival rate was
obtained from the medical records database. No patients in the
study had received radiotherapy, chemotherapy or were treated
with GLP-1 analogues prior to surgery. The specimens were
fixed in 10% buffered formalin and embedded in paraffin.
Subsequently, 3-um sections were prepared for hematoxylin
and eosin (H&E) and immunohistochemical staining. In
total, 3 fresh frozen samples underwent western blot analysis.
Written informed consent was attained from the patients from
whom fresh frozen tissue samples were obtained from for use
in the present study. The current study was approved by The
First Hospital of Harbin Medical University Medical Ethics
Committee (Harbin, China; no. 201462).

Immunohistochemical staining. Immunohistochemical
analysis for GLP-1R, CD26, calcitonin (CT) and Ki-67 was
performed on formalin-fixed paraffin-embedded tissues. All
antibodies were listed as follows: GLP-1R (cat. no. ab39072;
polyclonal antibody; Abcam, Cambridge, UK), CD26
(cat. no. ab114033; monoclonal antibody; Abcam), CT
(cat. no. RMA-0553; Fuzhou Maixin Biotech Co., Ltd.,
Fuzhou, China) and Ki-67 (cat. no. ZM-0166; Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China). Paraffin sections were dewaxed and incubated
in H,0, for 10 min at room temperature, then treated for
1.5 min at 120°C under high pressure (1.2 P) in Tris-EDTA
buffer (pH 9.0). The sections were then allowed to cool for
5 min at room temperature and 15 min in cold water, prior to
being rinsed in TBS (pH 7.5). Subsequently, 5% normal goat
serum (cat. no. ZLI-9022; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd.) was used to block heterogenetic
antigens for 10 min. Slides were incubated overnight at 4°C
with the primary polyclonal antibody directed against GLP-1R
(dilution, 1:1,000) or CD26 monoclonal antibody (dilution,
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1:100); or at room temperature for 1 h with CT (dilution, 1:100)
or Ki-67 (dilution, 1:150). Slides were washed in TBS 3 times
for 10 min each and then incubated for 40 min with secondary
antibody (cat. no. PV-9000; ready-to-use; Beijing Zhongshan
Golden Bridge Biotechnology Co., Ltd.) at room temperature.
Finally, the slides were stained with DAB (cat. no. ZLZ-9018;
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.)
for 2-3 min, counterstained with hematoxylin, and then rinsed
in water.

Western blot analysis. In total, 3 fresh frozen tissues samples
of medullary thyroid carcinoma were tested separately using
western blot analysis. Fresh-frozen tumors were cut into small
pieces, mixed with lysis buffer (cat. no. PO013; Beyotime
Institute of Biotechnology, Haimen, China), and centrifuged
at 12,470 x g at 4°C for 15 min. The pure supernatant was
then collected and stored at -80°C. Subsequently, samples
were analyzed using bicinchoninic acid assay [Bio-Rad
Laboratories (Canada) Ltd., Mississauga, Canada] to quantify
proteins. Each protein sample (50-100 pg) was separated
by 10% SDS-PAGE, blotted onto a polyvinylidene fluoride
membrane to obtain the marker band and target protein bands.
Membranes were incubated overnight at 4°C with agitation with
the same primary antibodies used in the immunohistochemical
analysis, as follows: GLP-1R polyclonal rabbit anti-human
(dilution, 1:1,000) and CD26 monoclonal mouse anti-human
(dilution, 1:500). Following the incubation, membranes were
washed in bovine serum albumin (cat. no. 735094; Beyotime
Institute of Biotechnology) for 10 min 3 times and incubated
with a horseradish peroxidase secondary antibody (cat.
no. ZB-2305; dilution, 1:1,000; Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd.) at room temperature for 2 h
with agitation. Membranes were visualized by BeyoECL Plus
kits (p0018; Beyotime Institute of Biotechnology), using an
enhanced chemiluminescence detection system (iBox Scientia
500 Imaging System; UVP, Inc., Upland, CA, USA).

Images and statistical analysis. Data obtained from GLP-1R
and CD26 immunohistochemical staining were evaluated by
the intensity and distribution of cell staining. Staining inten-
sity was scored as follows: 0, no staining; 1, weak staining; 2,
moderate staining and 3, strong staining. Staining distribution
was scored as follows: 0, 0%, 1, 1-25%; 2, 26-50%; 3, 51-75%
and 4, 76-100%. Intensity and distribution scores were then
added together. If the total score was <4, it was considered
negative. If the total score was =4, it was considered posi-
tive. A DMI6000 microscope with Leica Application Suite
image analysis software (LAS AF6000; version 4.3.0; Leica
Microsystems GmbH, Wetzlar, Germany) was used to capture
the images. SPSS software (version 17.0; SPSS, Inc., Chicago,
IL, USA) was used to conduct statistical analysis using x> test
and Spearman's rank correlation. For all statistical analyses,
P<0.05 was considered to indicate a statistically significant
difference.

Results
Immunohistochemical staining. In the 59 medullary thyroid

carcinoma tissues, GLP-1R membrane expression was
50.8% (30/59) (Fig. 1A) and CD26 membrane expression was
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Table I. Comparison of GLP-1R and CD26 expression among the three groups.

Group GLP-1R P-value CD26 P-value
MTC 30/59 (50.8%) 23/59 (39.0%)

C-cell hyperplasia 5/20 (25.0%) 0.04* 13/20 (65.0%) 0.04*
Non-neoplasm 0/7 (0.0%) 0.03° 7/7 (100%) <0.001°

Summary of the immunohistochemistry results. GLP-1R and CD26 immunoreactivity were compared among MTC vs. C-cell hyperplasia
and MTC vs. non-neoplastic thyroid tissues. There were significant differences in expression levels among MTC, C-cell hyperplasia and
non-neoplastic thyroid tissues. P<0.05 was considered to indicate a statistically significant difference. “MTC vs. C-cell hyperplasia, "MTC
vs. non-neoplastic thyroid tissues. GLP-1R, glucagon-like peptide-1 receptor; CD, cluster of differentiation; MTC, medullary thyroid cancer.

39.0% (23/59) (Fig. 1B). A similar trend to that determined
using immunohistochemistry was also detected in fresh frozen
medullary thyroid carcinoma samples via western blot anal-
ysis (Fig. 1C). In the 20 C-cell hyperplasia samples, GLP-1R
membrane expression was 25.0% (5/20) (Fig. 2A) and CD26
membrane expression was 65.0% (13/20) (Fig. 2B). In the 7
non-neoplastic thyroid tissues, GLP-1R membrane expression
was 0.0% (0/7) (Fig. 3A) and CD26 membrane expression
was 100% (7/7) (Fig. 3B). There were significant differences
in GLP-1R and CD26 expression among medullary thyroid
carcinoma, C-cell hyperplasia and non-neoplastic thyroid
tissues (Table I).

Clinical characteristics. The associations between the
2 markers and clinical pathological characteristics were
analyzed. Tests on clinical pathological characteristics (age,
gender, LN metastasis, and diabetes history or family history
of thyroid disease) were performed separately. GLP-1R
exhibited a significant correlation with age in the medullary
thyroid carcinoma group (<30, 30-50 and =50 years). However,
there were no significant differences in gender, LN metastasis,
diabetes history or family history of thyroid disease (Table II).
There was no correlation between CD26 and any of the afore-
mentioned clinical characteristics.

Association between GLP-IR and CD26. There was a
significantly negative correlation between GLP-1R and CD26
expression in medullary thyroid carcinoma, C-cell hyperplasia
and non-neoplastic samples (Table III).

Discussion

Incretin medicines, including GLP-1 analogues and CD26
inhibitors, have been used to treat patients with type 2 diabetes.
Other than providing a glucose-dependent method of promoting
insulin secretion and inhibiting glucagon secretion, they have
many benefits, including delaying gastric emptying, lowering
the risk of hypoglycemia, weight reduction, and cardiovascular
and neural protection. Although these medicines have shown
success in the therapeutic market, the possible side effects on
human thyroid C-cells should not be ignored. Previous studies
have demonstrated that in rodents, long-term use and/or
large doses of GLP-1 analogues may induce thyroid C-cell
hyperplasia, hypercalcitoninemia and even medullary carci-
noma (2,3,8). However, several clinical trials have indicated
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Figure 1. Expression of GLP-IR and CD26 in human medullary thyroid
carcinoma. (A) Immunoreactive staining of GLP-1R in human medullary
thyroid carcinoma. (B) Immunoreactive staining of CD26 in human medul-
lary thyroid carcinoma. (C) Detection of GLP-1R with ab39072 (53-kDa
band) and CD26 with ab28340 antibodies (115-kDa band) in lysates of fresh
frozen medullary thyroid carcinoma samples (3 separate medullary thyroid
carcinoma samples). $-actin (115-kDa band) was used as the loading control.
Scale bar, 100 ym. GLP-1R, glucagon-like peptide-1 receptor; CD, cluster of
differentiation.
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Figure 2. Expression of GLP-1R and CD26 in human thyroid C-cell
hyperplasia. (A) Immunoreactive staining of GLP-1R in human thyroid
C-cell hyperplasia. Scale bar, 50 ym. (B) Immunoreactive staining of
CD26 in human thyroid C-cell hyperplasia. Scale bar, 100 ym. GLP-1R,
glucagon-like peptide-1 receptor; CD, cluster of differentiation.

no significant side effects on the function or morphology
of human C-cells (2,3,9). Questions remain regarding the
side effects of GLP-1 analogues on C-cells. Waser et al (10)
reported that 27% of medullar thyroid carcinoma cells were
immunoreactive for GLP-1R (10). However, there is a shortage
of studies investigating patients with diabetes who have been
treated with GLP-1 analogues for a prolonged period of time.
Furthermore, C-cell abnormalities are rare and asymptomatic.
In addition to the GLP-1R pathway, several other factors may
influence C-cells, including gastrin, glucagon and calcium.
The coexistence of common diseases may lead to complex
drug requirements. For example, combination therapy with
GLP-1 analogues and PPIs is becoming a real possibility (11),
despite their effects on C-cells remaining unclear. Therefore,
C-cell safety is a matter of concern.

CD26 inhibitors are another point of controversy, since they
may suppress T-lymphocytes, induce infection and lead to a
slight decrease in lymphocyte count (12). Although there is no
evidence to suggest that a CD26 inhibitor affects the immune
system (13), a previous analysis that assessed the safety and
tolerability of sitagliptin (a drug in the class of CD26 inhibitors)
indicated a trend toward an increased risk of neoplasm (14).
Other than its effects on the degradation of incretins, there are
several other target peptides degraded by CD26. It is generally
considered that CD26 is involved in immune regulation, cell
differentiation and tumor biology. It remains to be determined
whether CD26 inhibitors may influence thyroid C-cells.
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Figure 3. Expression of GLP-1R and CD26 in non-neoplastic human
thyroid tissues. (A) Immunoreactive staining of GLP-1R in non-neoplastic
human thyroid tissues. Scale bar, 50 ym. (B) Immunoreactive staining for
CD26 in non-neoplastic human thyroid tissues. Scale bar, 2 mm. GLP-1R,
glucagon-like peptide-1 receptor; CD, cluster of differentiation.

Therefore, there are additional studies required prior to the
safety of incretin therapy being confirmed. It is also important
to pay more attention to the potential side effects on human
thyroid C-cells during long-term treatment or large dosage
treatment with GLP-1 analogues or CD26 inhibitors.

The present study focused on the possible side effects
of GLP-1 analogues and CD26 inhibitors on human thyroid
C-cells by detecting the expression levels of GLP-1R and
CD26 in thyroid C-cells from non-neoplastic thyroid, C-cell
hyperplasia and medullary thyroid carcinoma tissues. The
effects of GLP-1 analogues and CD26 inhibitors, which target
GLP-1R and CD26 expression, on thyroid C-cells were also
indirectly investigated. To the best of our knowledge, little is
known about this from similar studies. In addition, the present
study is the first, to the best of our knowledge, to detect the
expression of GLP-1R and CD26 in a large number of human
medullary thyroid carcinoma samples in order to determine
the coexpression of GLP-1R and CD26.

At present, little is known regarding the expression of
GLP-1R in tumors and non-neoplastic tissues. Previous studies
have detected GLP-1R expression in the human thyroid using
autoradiography and mRNA analysis (15-17). The majority of
studies were carried out in cell-lines in vitro. To date, there
has been no definite information regarding GLP-1R in human
medullary thyroid carcinoma. GLP-1R immunoreactivity
has previously been detected in 91.7% of medullary thyroid
carcinoma samples, 100% of C-cell hyperplasia samples and
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Table II. Association of GLP-1R or CD26 with clinical characteristics in medullary thyroid carcinoma.

GLP-1R CD26

Clinical characteristics n Positive Negative P-value Positive Negative P-value
Age, years

<30 5 4 1 1 4

30-50 29 10 19 13 16

=50 25 16 9 0.034 9 16 0.531
Gender

Male 17 9 8 7 10

Female 42 21 21 0.838 16 26 0.826
LN metastasis

Yes 26 14 12 12 14

No 33 16 17 0.683 12 21 0.447
Diabetes history

Yes 3 1 2 2 1

No 56 29 27 0.976 22 34 0.736
Family history

Yes 15 8 7 6 9

No 44 22 22 0.824 17 27 0.925

Summary of associations between GLP-1R or CD26 and clinical characteristics in medullary thyroid carcinoma. GLP-1R exhibited a signifi-
cant correlation with age. P<0.05 was considered to indicate a statistically significant difference. GLP-1R, glucagon-like peptide-1 receptor;

CD, cluster of differentiation; LN, lymph node.

Table III. Correlations between GLP-1R, CD26 and Ki-67.

Protein CD26 Ki-67
GLP-IR
R-value -0.303 0.198
P-value 0.021 0.466
CD26
R-value 0.104
P-value 0.439

Summary of the correlations among GLP-1R, CD26 and Ki-67
protein expression. There was a significant negative correlation
between GLP-1R and CD26 expression. P<0.05 was considered to
indicate a statistically significant difference. GLP-1R, glucagon-like
peptide-1 receptor; CD, cluster of differentiation.

33.3% of normal thyroid tissue (18), using the same polyclonal
antibody as used in the present study (ab39072). The present
study detected similar trends to previous studies, which
unequivocally suggests that GLP-1R is present on C-cells.
Furthermore, GLP-1R immunoreactivity has been detected in
papillary thyroid carcinoma (9,18,19). In tumor tissue, GLP-1R
is expressed at a higher level than in non-neoplastic tissues,
which may induce tumorigenesis. GLP-1 may also activate the
p38 mitogen-activated protein kinase (p38 MAPK) pathway
phosphorylation by inducing production of cyclic adenosine
monophosphate (cAMP) (20) and indirect evidence suggests

that an alternative GLP-1R is involved in this process (21).
Therefore, it is necessary to pay more attention to the potential
side effects on the thyroid among the patients subsequent to
taking GLP-1 analogues. For the present study, it was essential
to study the risk prospectively.

CD26 is a multifunctional cell surface protein that is
widely expressed in almost all human organs, particularly on
T lymphocytes (22). At present, the majority of studies into
CD26 expression have been confined to follicular differenti-
ated thyroid carcinoma (23-25). Conversely, there is little
information regarding medullary thyroid carcinoma, taken
from limited samples. The results of previous study on a
limited number of samples of medullary thyroid carcinoma
tissue demonstrated that there was no CD26 expression (23).
CD26 exerts an important effect in tumor biology, and
serves as a marker in various types of cancer. In differenti-
ated thyroid carcinomas, the mean positive Ki-67 cell rate
has been reported to be lower in CD26-positive tissues
compared with in CD26-negative tissues (24). However, the
present study did not identify an association between CD26
and Ki-67 expression in medullary thyroid carcinoma. In
the present study, CD26 was expressed at a higher level in
non-neoplastic thyroid tissues compared with in neoplastic
tissues, which may inhibit tumorigenesis. It has previously
been reported that CD26 expression may potentially reverse
tumor differentiation and suppress the invasion of tumors
via the p38 pathway (26). Treatments targeting CD26 may
be an effective approach for selected tumors. However,
whether CD26 inhibitors increase the risk of cancer remains
unknown, and requires additional study.
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The present study is the first, to the best of our knowledge, to
demonstrate that GLP-1R expression is associated with the age
of patients with medullary thyroid carcinoma; this result may
indicate that incretin therapy is less safe in the elderly population.
A previous study demonstrated that CD26 was associated with
age; negative expression was detected in normal infants, whereas
positive expression was detected in older individuals to varying
degrees (24). However, the present study did not attain the same
result, which may be due to the age range of the samples. In
addition, CD26 was not associated with any other characteristic
tested in the present study. GLP-1R expression was negatively
correlated with CD26 expression. The possible reasons are as
follows: In the human body, GLP-1R has been reported to be
the substrate for circulating CD26 (27). GLP-1R is the receptor
of the substrate GLP-1, and CD26 is the hydrolase. CD26 is
a multifunctional cell surface protein that is predominantly
expressed on T lymphocytes, and serves a significant role in
tumor immunity. CD26 has a role in tumor immunity regulation.
The p38 MAPK signaling pathway is a classical cell signaling
transduction pathway and is associated with tumor progression.
GLP-IR is a promoter of this signaling pathway, thus serving a
role in tumor progression. However, CD26 is an inhibitor of the
p38 MAPK signaling pathway and serves a role in tumor immu-
nity (21,26,28). Therefore, GLP-1R and CD26 exert opposing
effects, which has also been verified in the present study.

There remain limitations to the present study. Although
GLP-1R expression was widely distributed in the human thyroid,
the present study could not discriminate the functional receptors.
Only functional receptors are able to exert effects. In the present
study, paraffin-embedded sections were selected; however,
cAMP production could not be specifically measured. Usually,
cAMP is deemed as an index of determining whether the receptor
is functional or not. The production of cAMP is the output of
GLP-1 binding to GLP-1R (29). Furthermore, the molecular
mechanism underlying the changes to thyroid C-cells requires
further study. In addition, the present study tracked the prognosis
of all 59 patients with medullary thyroid carcinoma. However,
there was no statistical significance in the survival analysis.

In conclusion, although incretin-based therapy may be
associated with medullary thyroid carcinoma, the benefits
may outweigh the potential cancer risk in patients with type 2
diabetes.
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