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Background: Glucagon like peptide-1(GLP-1) mimetic therapy induces medullary thyroid neoplasia
in rodents. We sought to establish whether C cells in human medullary thyroid carcinoma, C cell
hyperplasia, and normal human thyroid express the GLP-1 receptor.

Methods: Thyroid tissue samples with medullary thyroid carcinoma (n = 12), C cell hyperplasia (n = 9),
papillary thyroid carcinoma (n = 17), and normal human thyroid (n = 15) were evaluated by
immunofluorescence for expression of calcitonin and GLP-1 receptors.

Results: Coincident immunoreactivity for calcitonin and GLP-1 receptor was consistently observed
in both medullary thyroid carcinoma and C cell hyperplasia. GLP-1 receptor immunoreactivity was
also detected in 18% of papillary thyroid carcinoma (three of 17 cases). Within normal human
thyroid tissue, GLP-1 receptor immunoreactivity was found in five of 15 of the examined cases in
about 35% of the total C cells assessed.

Conclusions: In humans, neoplastic and hyperplastic lesions of thyroid C cells express the GLP-1
receptor. GLP-1 receptor expression is detected in 18% papillary thyroid carcinomas and in C cells
in 33% of control thyroid lobes. The consequence of long-term pharmacologically increased GLP-1
signaling on these GLP-1 receptor-expressing cells in the thyroid gland in humans remains un-
known, but appropriately powered prospective studies to exclude an increase in medullary or
papillary carcinomas of the thyroid are warranted. (J Clin Endocrinol Metab 97: 121-131, 2012)

lucagon like peptide-1 (GLP-1) is an incretin hor-
mone released by L cells in the ileum in response to

food ingestion (1). Actions of GLP-1 include amplification
of glucose-mediated insulin secretion, delayed gastric
emptying, and increased satiety, attributes that are bene-
ficial in the treatment of type 2 diabetes mellitus. Circu-
lating GLP-1 has a short life, being degraded by the en-
zyme dipeptidyl-peptidase-4 (DPP-4). To surmount this,
GLP-1-based therapies for type 2 diabetes have been de-
veloped that involve either inhibition of the DPP-4 en-
zyme, which augments circulating GLP-1 levels arising
from endogenous secretion, or injection of GLP-1 mimet-
ics that are resistant to DPP-4 degradation. Since 20035,
five drugs in this category have been approved by the U.S.
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Food and Drug Administration. These include the GLP-1
receptor agonists, exenatide (Byetta) and liraglutide (Vic-
toza), and the DPP-4 inhibitors, sitagliptin (Januvia),
saxagliptin (Onglyza), and linagliptin (Tradjenta) (2).

In routine preclinical animal testing studies of liraglu-
tide, an increase in the frequency of C cell hyperplasia and
thyroid tumors was observed (3). Although GLP-1 recep-
tor stimulation induced calcitonin release and C cell pro-
liferation in rodents, these effects were not observed in
nonhuman primates, implying possible species-specific
differences in GLP-1 receptor expression and activation in
the thyroid (4). C cells are sparsely distributed within the
normal human thyroid, being located in the middle and
upper third of the lateral lobes. They are often difficult to

Abbreviations: CHO, Chinese hamster ovary; DAPI, 4',6’-diamino-2-phenylindole; DPP-4,
dipeptidyl-peptidase-4; GLP-1, glucagon like peptide-1; H&E, hematoxylin and eosin; MEN,
multiple endocrine neoplasia; RET, rearranged during transfection; RT, room temperature
(20-25 Q).
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identify on routine hematoxylin-and-eosin-stained sec-
tions (5). In contrast, C cells are much more abundant in
the rodent thyroid (3). Because GLP-1 mimetic therapy is
now widely used for type 2 diabetes mellitus, it is impor-
tant to establish whether GLP-1 receptor expression oc-
curs in human thyroid, in particular in the C cells within
the thyroid, in health as well as in the in the setting of C cell
hyperplasia and medullary thyroid carcinoma.

Available data in this regard are limited. A prior study
using GLP-1 receptor scintigraphy reported relatively
abundant GLP-1 receptor expression in 28 % of medullary
thyroid carcinomas examined and in 6% of normal hu-
man thyroid glands (6). In another study, C cells identified
in 10 thyroid glands from humans were negative by iz situ
hybridization for GLP-1 receptor mRNA and in situ re-
ceptor ligand binding by the GLP-1 receptor antagonist
['**T]exendin (9-39) (4). To date, there are no data re-
porting the presence of GLP-1 receptor expression by im-
munoreactivity in normal human thyroid gland, medul-
lary thyroid carcinoma, papillary thyroid carcinoma, or C
cell hyperplasia. The latter, considered a premalignant
condition by some, may be more common than previously
appreciated (7).

In the present study, we examined thyroid tissue sam-
ples procured at surgery from individuals with C cell hy-
perplasia and those with medullary thyroid carcinoma.
Moreover, C cells within relatively normal tissue without
any hyperplastic or neoplastic changes were evaluated for
GLP-1 receptor expression. For comparison, we also ex-
amined papillary thyroid carcinomas (non-C cell lineage)
for the presence of GLP-1 receptor expression.
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Materials and Methods

Human subjects

Individuals for inclusion in the present studies were identified
from the Department of Pathology and Laboratory Medicine at
the University of California, Los Angeles (Los Angeles, CA) da-
tabase for cases that were submitted for pathological evaluation
between 2002 and 2010. Thyroid was evaluated from 53 indi-
viduals as follows.

C cell hyperplasia

Nine individuals with a histopathological diagnosis of C cell
hyperplasia were identified, four of which were classified as hav-
ing reactive/physiological C cell hyperplasia and five with C cell
hyperplasia due to RET (rearranged during transfection) germ-
line mutations [four multiple endocrine neoplasia (MEN)-2 and
one familial medullary thyroid carcinoma]. C cell hyperplasia
was defined by the presence of at least 50 C cells per one low-
power field (X 10 objective) (8).

Medullary thyroid carcinoma

Twelve individuals with medullary thyroid carcinoma were
identified. There was no overlap between cases of C cell hyper-
plasia and medullary thyroid cancer.

Papillary thyroid carcinoma
Seventeen cases of papillary thyroid carcinoma were selected
at random from the same database.

Controls (Table 1)

Histologically normal thyroid lobes from 15 individuals that
had undergone total thyroidectomy for papillary thyroid cancer
in the other lobe were used as control thyroid tissue, being se-
lected randomly.

All slides and paraffin-embedded tissue blocks as well as fresh
frozen tissue samples were retrieved with institutional review

TABLE 1. Controls

Age GLP-1
Subject no. (yn) Sex Pathology receptor Calcitonin Colocalization
No inflammation
1 65 M Rare hyperplastic and colloid nodules - + -
2 62 M Normal thyroid tissue - + -
3 26 F Normal thyroid tissue - + -
4 50 M Normal thyroid tissue - + -
5 63 M Rare hyperplastic and colloid nodules - + -
6 66 F Normal thyroid tissue - + -
7 51 F Normal thyroid tissue - + -
8 20 F Multinodular goiter ++ + +
9 27 M Normal thyroid tissue - + -
10 36 F Multinodular goiter ++ + +
11 77 M Normal thyroid tissue - + -
Mild inflammation
12 36 M Normal thyroid tissue ++ + +
13 61 F Normal thyroid tissue - + -
14 28 F Multinodular goiter ++ + +
15 45 F Normal thyroid tissue ++ + +

Table represents a summary of immunohistochemistry and immunofluorescence results. —, Negative; ++, 10-35% positive; + less than 10%

positive; M, male; F, female.
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board approval (no. 09-11-052-01) and in a manner compliant
with the Health Insurance Portability and Accountability Act.
Informed consent was obtained for procurement of fresh frozen
tissue; use of archived specimens met criteria for exemption from
informed consent.

Tissue processing

Thyroidectomy specimens were fixed in 10% buffered for-
malin and either representative sections or the entire specimen,
depending on its size, was submitted, routinely processed, and
embedded in paraffin. Serial 4-pum-thick sections were prepared
for routine hematoxylin-and-eosin (H&E) and immunohisto-
chemical/fluorescent staining. For Western blot analysis, fresh
frozen samples were used.

GLP-1 receptor antibody validation

Plasmid transfection experiments with COS-7 and Chinese
hamster ovary (CHO) cells, which do not express the GLP-1
receptor, were used to validate the GLP-1 receptor antibodies.
These cell lines were kindly provided by Dr. B. Lee (University of
California, Los Angeles, Los Angeles, CA) (9). Cells were grown
in a complete growth medium DMEM (Invitrogen, Carlsbad,
CA) supplemented with 10% heat-inactivated fetal bovine se-
rum (Gemini, West Sacramento, CA), 100 IU/ml penicillin, and
100 mg/ml streptomycin (Invitrogen) at 37 Cin a humidified 5%
CO, atmosphere. INS 823/13 rat insulinoma cells served as pos-
itive controls and were grown in RPMI 1640 medium supple-
mented with 10 mm HEPES, 1 mMm sodium pyruvate, 100 IU/ml
penicillin, and 100 mg/ml streptomycin (Invitrogen); 10% heat-
inactivated fetal bovine serum (Gemini); and 50 mMm B-mercap-
toethanol (Sigma, St. Louis, MO) under the same conditions.

For transfections, cells were plated on 12-well plates at a density
of 25,000 cells/well (cells were plated on glass coverslips for immu-
nofluorescent staining). The next day, cells were transfected with
human GLP-1 receptor cDNA (using lipofectamine2000-plasmid
complexes prepared according to the manufacturer’s instructions;
Invitrogen) in Opti-MEM (Invitrogen) for 6 h and then cultured in
complete medium for 72 h. The GLP-1 receptor cDNA was kindly
provided by Dr. C. Unson (Rockefeller University, New York, NY)
(10). The transfected cells were used for Western blotting and ex-
periments and immunohistochemistry as described below.

Western blotting (cell lines)

After transfection, cells were washed with ice-cold PBS and
then lysed in lysis buffer (50 mm HEPES, 1% Nonidet P-40,2 mMm
Na;VO,, 100 mm NaF, 10 mm PyrPO,, 4 mm EDTA, 1 mm
phenylmethylsulfonyl fluoride, 1 mg/ml leupeptin, and 1 mg/ml
aprotinin). Samples were stored at —80 C until use for subse-
quent protein determination by BCA assay (Bio-Rad, Hercules,
CA) and Western blotting.

Proteins (25-50 pg/lane) were separated ona 4—12 % Bis-Tris
NuPAGE gel (Invitrogen) and blotted onto a polyvinylidene flu-
oride membrane (FluoroTrans; Pall Life Sciences, Ann Arbor,
MI). Membranes were probed overnight at 4 C with primary
antibodies against human GLP-1 receptor (both polyclonal rab-
bit antihuman GLP-1 receptor, dilution 1:500, NLS1206; Novus
Biologicals, Littleton, COj; and ab39072; Abcam, Cambridge,
MA). After incubation with horseradish peroxidase-conjugated
secondary antibody (1:5000; Jackson Laboratories), proteins
were visualized using enhanced chemiluminescence (Millipore,
Bedford, MA). Validation of the antisera NLS1206 was also
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performed and published previously (11). In this publication,
ab13181 is identical with NLS1206 because both have been li-
censed to the corresponding companies by a developing
laboratory.

Western blotting with either anti-GLP-1 receptor antibody
detected a 53-kDa band in INS 832/13 cells, which were used as
positive control and were kindly provided by Dr. C. Newgard
(Duke University, Durham, NC) (12) but not in untransfected
CHO or COS cells (Fig. 1). In contrast, COS cells and CHO cells
transfected with GLP-1 receptor cDNA also had a 53-kDa band.
These results were consistent with the immunofluorescent stain-
ing as described below that was positive in cells transfected with
GLP-1 receptor cDNA but not in untransfected cells (illustrated
for each antibody in CHO cells in Fig. 1).

Immunofluorescent staining (cell lines)

CHO cells were washed and then fixed with ice-cold 4% PFA for
10 min and permeabilized (0.4% Triton X-100 in TBS) for 30 min on
ice. After rinsing with PBS, primary GLP-1 receptor antibodies
(NLS1206, dilution 1:100;ab39072, dilution 1:250) were applied and
incubated overnight at 4 C, followed by 1 h treatment with secondary
antibody conjugated to Cy3 [1:100, room temperature (RT,20-25 C);
Jackson ImmunoResearch Laboratories, West Grove, PA]. Cells were
then mounted with Vectashield (Vector Laboratories, Burlingame,
CA) with 4',6'-diamino-2-phenylindole (DAPI).

Western blotting (thyroid tissue)

Western blot experiments were carried out with fresh frozen
tissue from two control thyroid lobes and one medullary thyroid
carcinoma case (two separate tissue samples). Tissue was trans-
ferred to lysis buffer [20 mm Tris acetate (pH 7.0), 0.27 M su-
crose, | mMEDTA, 50 mm NaF, 1% Triton X-100, 5 mM sodium
pyrophosphate, 10 mm B-glycerophosphate], homogenized in a
Tissue Lyserll (QIAGEN, Valencia, CA), and stored for further
analysis. Proteins (50-70 pg/lane) were separated on an 8% Bis-
Tris Novex gel (Invitrogen). Subsequent steps were carried out as
described for cells earlier (Fig. 1).

Immunofluorescent staining (thyroid sections)

Unstained thyroid sections were deparaffinized in toluene and
rehydrated in an ethanol gradient. One section per case was stained
in Harris hematoxylin solution (HHS16; Sigma) and eosin Y solu-
tion (HT110132; Sigma). Adjacent sections were used for immu-
nofluorescent labeling as follows. Antigen retrieval was performed
via microwave heating in citrate buffer (pH 8) (H-3300; Vector
Laboratories). Slides were blocked in Tris-buffered saline (3% BSA,
0.2% Triton X-100, and 2% bovine serum) for 1 h. GLP-1 receptor
antibody as described above (NLS1206, dilution 1:100 in 3% BSA/
0.2% Tween-20/Tris-buffered saline) was used for overnight incuba-
tion (4 C), followed by colabeling for calcitonin (rabbit anticalcitonin,
no. A0676, dilution 1:3000; Dako, Carpinteria, CA) for 4 h at RT.
Secondary antibodies labeled with Cy3 and fluorescein isothiocyanate
were obtained from Jackson ImmunoResearch Laboratories and ap-
plied at dilutions of 1:100 for 1 h incubation at RT. Vectashield with
DAPI (Vector Laboratories) was used to counterstain the nuclei.

As an independent source, a second GLP-1 receptor antibody
was also used (ab39072, dilution 1:250) as validated above. We
compared the use of the two GLP-1 receptor antibodies for immu-
nostaining in adjacent sections of all reported cases. As shown in
Supplemental Figs. 1-5, published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org, the pattern of
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FIG. 1. Detection of GLP-1 receptor by Western blot and immunostaining. A and B, GLP-1
receptor immunoreactivity in the lysates of INS 832/13, CHO, and COS-7 cells shown by
immunoblot. The cells were transfected with the indicated concentrations of human GLP-1R
cDNA (0, nontransfected cells), and cell lysates were collected after 72 h. After separation on
acrylamide gels and subsequent transfer, polyvinylidene fluoride membranes were labeled with
antisera the GLP-1 receptor (GLP-1R) antisera NLS1206 (A) or ab39072 (B). Both antisera detect
specific bands at 53 kDa in the presence of the GLP-1 receptor (INS 832/13 cells as a positive
control and transfected CHO as well as COS-7 cells) but not in untransfected cells. A 63-kDa band
was also present in all lysates with NLS1206. GAPDH, Glyceraldehyde-3-phosphate
dehydrogenase. C and D, To ensure that this reactivity does not interfere with immunostaining,
transfected CHO cells (1.0 wg/ml GLP-1R cDNA, 72 h) as well as control cells were immunostained
with NLS1206 (red, upper panel) and counterstained with DAPI (blue, lower panel). As can be
seen, no immunofluorescence for GLP-1 receptor was present in nontransfected cells but was
present in transfected cells (C). Similar immunostaining of transfected CHO cells (1.0 wg/ml GLP-
1R cDNA, 72 h) was observed with ab39072. Antisera ab39072-labeled GLP-1R (red, upper panel)
only in transfected cells, counterstained with DAPI, is shown in lower panel (blue) (D). E and F,
Specific detection of the GLP-1R (53-kDa band) with two antisera (NLS1206, E; ab39072, F) in
lysates of fresh frozen control thyroid lobes (subjects 29 and 30) as well as medullary thyroid
carcinoma samples (two separate tissue samples; subject 25).

immunostaining was comparable with the two anti-GLP-1
receptor antibodies. As a further validation and positive con-
trol, immunostaining with both of the GLP-1 receptor anti-
bodies was compared in pancreatic islets present in sections of nor-
mal human pancreas (Supplemental Fig. 6). The majority of islet cells
were positive for GLP-1 receptor, showing a comparable pattern with
either antibody.

Finally, normal rabbit serum (X0902; Dako) as well as the cor-
responding blocking peptides (NLS1206PEP; Novus Biologicals;
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and ab39071, peptide sequence: KYLY-
EDEGCWTRNSNMN; Abcam) to the
GLP-1 receptor antibodies were also used as a
primary antibody control. Omission of the
primary GLP-1 receptor antibody served as a
negative control for the secondary antibody
(Supplemental Fig. 6).

Immunohistochemical staining

Thyroid tissue sections were deparaf-
finized and rehydrated in an ethanol gradient.
After antigen retrieval and quenching of en-
dogenous peroxidase activity (10% metha-
nol, 10% H, O, in Tris-buffered saline), a rab-
bit antihuman calcitonin antibody (dilution
1:3000, no. A0676; Dako) was used for cal-
citonin labeling. Subsequent detection was
performed with Envision+ antirabbit horse-
radish peroxidase (no. K4003; Dako) with
3’,3’-diaminobenzidine used as the chromo-
gen and hematoxylin as the counterstain.
Representative examples of calcitonin stain-
ing for reactive C cell hyperplasia, nodular/
neoplastic C cell hyperplasia, and medullary
thyroid carcinoma are shown in Supplemen-
tal Fig. 7. GLP-1 receptor labeling by immu-
nohistochemistry was performed with
NLS1206 (Novus Biologicals; and ab39072;
Abcam) as specified above (Supplemental
Figs. 1-5).

Image analysis

Fluorescentsslides were analyzed and imaged
using a Leica microscope DM6000 (Leica Mi-
crosystems, Bannockburn, IL), and images were
acquired using Open Lab microscope software
(Improvision, Lexington, MA). All other slides
were analyzed with a Olympus Ix70 (Olympus,
Melville, NY).

Results

Expression of GLP-1 receptor in
medullary thyroid carcinoma
(Table 2, cases 16-27 )

To investigate presence of GLP-1 re-
ceptor protein, we analyzed lysates
from a case of medullary thyroid carci-
noma (two separate tissue samples) and
compared it with two control thyroid

lobes. Figure 1 illustrates specific detection of GLP-1 re-
ceptor protein (53-kDa band) by Western blot with two
different GLP-1 receptor antibodies in the medullary thy-
roid carcinoma case, which is absent in controls. Having
established that GLP-1 receptor protein is present in med-
ullary thyroid carcinoma, we examined thyroid obtained
from 12 individuals for GLP-1 receptor expression by im-
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TABLE 2. Tumor and C cell hyperplasia
GLP-1 Calcitonin
Subject number Age (yr) Sex receptor Calcitonin Colocalization levels (pg/ml)
Medullary thyroid cancer
1 23 F + + + 139.6
17 24 M + + + 137254
18 46 M +++ + + 3850
19 43 F + + + 3260
20 25 M +++ + + 507
21 63 M + + + 1072
22 76 M +++ + +
23 41 F - + - 2824
24 64 F +++ + + 6412
25 64 F +++ + + 25248
26 74 F +++ + + 134
27 49 F + - - 8164
C cell hyperplasia with RET
germline mutations
28 MEN-2A 67 F ++ + + 29.1
29 MEN-2A 25 M ++ + + 165
30 MEN-2A 19 F ++ + + 1193
31 MEN-2B 2 F ++ + + 66.2
32 FMTC 3 +++ + + 10.6
Reactive C-cell hyperplasia
33 40 F +++ + +
34 43 F + + +
35 59 F + + +
36 59 F + + +
Papillary thyroid cancer
37 36 M - - -
38 42 M - - -
39 40 F - - -
40 40 F - - -
41 34 F +++ - -
42 22 F - - -
43 46 F - - -
44 31 F ++ - -
45 38 M - - -
46 48 F - - -
47 53 M - - -
48 54 M - - -
49 41 F - - -
50 37 F - - -
51 48 F - - -
52 63 M - - -
53 55 F +++ - -

Table represents a summary of immunohistochemistry and immunofluorescence results. GLP-1 receptor immunoreactivity was comparable in areas
of C cell hyperplasia and medullary thyroid cancer. —, Negative; +++, more than 70% of cells positive; ++, 10-35% positive; +, less than 10%
positive; M, male; F, female; FMTC, familial medullary thyroid carcinoma.

munostaining. In six of these cases, a high proportion
(>70%) of the medullary thyroid carcinoma cells were
immunoreactive for GLP-1 receptor (Fig. 2). In five of the
cases of medullary thyroid carcinoma, GLP-1 receptor im-
munoreactivity was readily detected, being present in ap-
proximately 10-30% of the tumor cells in these cases;
however, there was clear heterogeneity, with many calci-
tonin immunoreactive C cells being negative for GLP-1
receptor. In one of the cases, no GLP-1 receptor labeling was
present in the medullary thyroid carcinoma. There was no
immunoreactivity for either calcitonin or GLP-1 receptor in

normal thyroid follicles identified in the same sections. There
was no correlation between the extent of GLP-1 receptor
immunoreactivity and either tumor size (range 0.6—6.5 cm,
mean 3.4 = 0.5 cm) or plasma calcitonin levels (range 134 -
137,124 pg/ml, mean 17,172 + 12,201 pg/ml).

Expression of GLP-1 receptor in C cell hyperplasia
(Table 2, cases 28-36)

We examined thyroid specimens from nine individ-
uals with C cell hyperplasia, four of which were cases of
reactive C cell hyperplasia, and in five cases C cell hy-
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FIG. 2. GLP-1 receptor expression in medullary thyroid carcinoma (subject 26). A, Low-power
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neoplastic C cell hyperplasia in all five
cases (Fig. 4). Although calcitonin immu-
noreactivity was relatively homogeneous
in areas of C cell hyperplasia, GLP-1 re-
ceptor immunoreactivity was more het-
erogeneous in both reactive C cell hyper-
plasia and C cell hyperplasia secondary
to RET germline mutations.

Expression of GLP-1 receptor in C
cells from control thyroid glands
(Table 1)

We detected a total of 1797 C-cells
within the 15 cases examined (range 12—
433 per section) by immunofluorescence
for calcitonin on sections of control thy-
roid lobes (see Materials and Methods).
In five of these cases, we identified C cells
that stained positive for both calcitonin
and GLP-1 receptor (Fig. 3, F and G).
However, in 10 cases C cells were neg-
ative for GLP-1 receptor immunore-
activity (Fig. 3, I and J). Mild inflam-
mation, as indicated by the presence
of a lymphocytic infiltrate, was pres-
ent in four of the control thyroid
lobes. In three of these cases, GLP-1R
was detected in C cells. In total,

photomicrograph (original magnification, X 100) of an H&E-stained section of medullary thyroid
carcinoma (top) adjacent to nonneoplastic thyroid tissue (bottom). The tumor exhibits an organoid
growth pattern and entraps thyroid follicles (asterisks). B, At higher magnification (original
magnification, X400), the tumor cells demonstrate an epithelioid to spindle cell morphology. The

GLP-1 receptor
was found in five of 15 of the control
thyroid lobes evaluated and in 35 % of

immunoreactivity

nuclei contain stippled chromatin giving a salt-and-pepper appearance. Nucleoli are relatively
inconspicuous. C and D, Immunohistochemical staining from the same medullary thyroid

all C cells assessed.

carcinoma showing immunoreactivity for GLP-1R (brown; NLS1206), hematoxylin was used to

counterstain the nuclei (C). As illustrated in high-power magnification, the typical staining pattern
of the GLP-1 receptor (GLP-1R) is present in approximately 70% of the calcitonin-expressing
medullary thyroid carcinoma C cells (D). Scale bars, 100 um (C) and 50 um (D). E-G, Higher-
power immunofluorescent images from the same medullary thyroid carcinoma case stained for
calcitonin (green, E) and GLP-1R (NLS1206; red, F). In the merged image with DAPI (blue, G),
colocalization of the GLP-1R and calcitonin is indicated by the orange color. Scale bar, 50 um.

perplasia was due to the presence of RET germline
mutations.

Reactive C cell hyperplasia was noted incidentally in
the tumor-free thyroid lobe after thyroid resection for pap-
illary thyroid carcinoma (three cases) and Hurthle cell ad-
enoma (one case). In the four cases of reactive C cell hy-
perplasia, GLP-1 receptor immunoreactivity was present
in most calcitonin positive cells (Fig. 3).

In the five cases of C cell hyperplasia secondary to RET
germline mutations, areas of nodular/neoplastic C cell hy-
perplasia and medullary thyroid microcarcinomas were de-
tected. GLP-1 receptor immunoreactivity was invariably
present in both the microcarcinomas and areas of nodular/

Expression of GLP-1 receptor in
papillary thyroid carcinoma (Table
2, cases 37-53)

We examined thyroid tissue obtained
from 17 individuals with papillary thy-
roid carcinoma by both immunostaining
for calcitonin and GLP-1 receptor. As ex-
pected, papillary thyroid carcinoma cells were not immuno-
reactive for calcitonin. GLP-1 receptor immunoreactivity was
present in papillary thyroid carcinoma cells in three of the 17
cases (Fig. 5). C cells positive for calcitonin, but not GLP-1 re-
ceptor, were identified in the same sections surrounding normal
thyroid follicles remote from the papillary thyroid carcinoma,
thus serving as a positive control for calcitonin labeling.

Discussion

Our objective in these studies was to establish the pattern
of GLP-1 receptor expression in human thyroid, with a
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Calcitonin

Calcitonin

Calcitonin

FIG. 3. GLP-1 receptor expression in C cell hyperplasia (subject 32). A and B, Clusters of C cells in
nodular/neoplastic C cell hyperplasia in a patient with familial medullary thyroid carcinoma syndrome
and the presence of a germline mutation in the RET protooncogene (H&E stain; original magnification,
%200). Note that at least 50 C cells, located between thyroid follicles (asterisks), are present in this
photomicrograph. A high-power image from the same cluster of C cells is shown in B. C-E,
Immunofluorescent staining of the same thyroid showing a cluster of C cells immunoreactive for
calcitonin; green, C) coexpressing the GLP-1 receptor (GLP-1R; NLS1206; red, D). Thyroid follicular cells
in the lower pole (thyroid follicles marked by asterisks) apparent with DAPI nuclear staining (blue, E) are
negative for both calcitonin and GLP-1 receptor. Scale bar, 50 um. GLP-1 receptor expression in C cells
of control thyroid gland lobes (subjects 14 and 5). F and I, C cells were identified in control thyroid lobes
by immunodetection for calcitonin (green). A total of 1797 C cells typically present as individual cells or
microclusters were thus identified in the sections of the 15 control thyroid gland lobes (i.e. normal
thyroid lobes). G and J, In five controls, C cells that were also immunoreactive for GLP-1 receptor
(NLS12086; red, G) were identified. In 10 of the analyzed cases, the microclusters of C cells (calcitonin,
green, ) were negative for the GLP-1 receptor labeling (J). H and K, In the merged image (DAPI, blue),
adjacent thyroid follicular cells that are negative for both calcitonin and GLP-1 receptor are present.
Subjects 14 (F-H), 5 (HK). Scale bars, 50 um.
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particular focus on C cells across the
range of normal C cells, C cell hyper-
plasia, and medullary thyroid carci-
noma. The motivation to address this
objective is the recent widespread use of
long-term, high-dose GLP-1 receptor
agonist therapy in the treatment of type
2 diabetes mellitus and the need to con-
sider the possible unintended off-target
consequences of this therapy.

We report that GLP-1 receptor ex-
pression is common in medullary thy-
roid carcinoma and C cell hyperplasia
butalso notinfrequently presentin nor-
mal Ccells. Unexpectedly, we also iden-
tified GLP-1 receptor expression to be
present in neoplastic cells in three of 17
papillary thyroid carcinomas exam-
ined. These studies are therefore in
broad agreement with the work of
Korner et al. (6), who found GLP-1 re-
ceptor expression in approximately
30% of medullary thyroid carcinomas
by use of GLP-1 receptor scintigraphy,
and Bjerre Knudsen et al. (4), who re-
ported that GLP-1 receptors are rarely
present in normal human thyroid C
cells. The data lend mechanistic plau-
sibility to the apparent signal of in-
creased reported thyroid tumors in
patients treated with exenatide in the
Federal Drug Administration Adverse
Event Reporting database (13). Such a
signal would seem unlikely to arise ex-
clusively from medullary thyroid can-
cer, given the rarity of this tumor, but it
would be less surprising if long-term
pharmacological exposure to GLP-1-
based therapy was to promote the
growth of the relatively common small
papillary thyroid carcinomas present in
the general population (14).

There were originally high hopes of
GLP-1 receptor activation to promote
reversal of the B-cell deficit in diabetes
by the proproliferative actions of
GLP-1 to induce B-cell replication, as
described in juvenile mice. Subsequent
studies revealed that epigenetic silenc-
ing of B-cell replication after the juve-
nile period of B-cell growth in mice ren-
dered B-cells relatively unresponsive to
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FIG. 4. GLP-1 receptor expression in C cell hyperplasia in the presence of MEN (subject 28).
A, H&E-stained histological section of a medullary thyroid microcarcinoma (<1 cm) arising
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six of the 12 medullary thyroid carci-
nomas in which we were able to detect
GLP-1 receptor labeling, the majority
of C cells were immunoreactive for
GLP-1 receptor. In the remaining five
cases, a much lower proportion of cells
(10-30%) was positive for GLP-1 re-
ceptor. Given the known proprolifera-
tive actions of GLP-1 (16) and based on
these findings, there would appear to be
reasonable concern to avoid GLP-1-
based therapies in individuals with a
known history or risk for medullary
thyroid carcinoma.

Fortunately, medullary thyroid car-
cinoma is relatively uncommon. Ap-
proximately 37,000 new cases of thy-
roid cancer are diagnosed in the United
States each year, of which 5-10% are
medullary thyroid carcinomas (17).
Twenty-five percent of medullary thy-
roid carcinomas are related to germline
activating mutations in the RET proto-
oncogene, which affect approximately
one in 30,000 individuals and are asso-
ciated with the hereditary cancer syn-
dromes including MEN-2A, MEN-2B,
and familial medullary thyroid carci-
noma (18).

from a background of nodular/neoplastic C cell hyperplasia in patient with MEN-2A (original
magnification, X40). The neoplastic C cells have extended beyond the basal lamina and are
infiltrating the normal thyroid parenchyma. Note the presence of entrapped thyroid follicles
(asterisks). B, Immunofluorescent image of the same medullary thyroid microcarcinoma
showing relatively uniform expression of calcitonin (green) with more heterogeneous
expression of GLP-1 receptor (GLP-1R; NLS1206; red). Nuclei are counterstained with DAPI
(blue). C-E, Higher magnification of boxed area of tumor shown in B that emphasizes the
relative homogeneity of calcitonin immunoreactivity (green, C) but heterogeneity of GLP-1R
immunoreactivity (NLS1206; red, D) in C cells (merged image with DAPI blue and orange
shows colocalization, E). Scale bar, 50 um. F-H, A region of nodular C cell hyperplasia from
the same thyroid gland. The C cells express calcitonin (green, F) and to a varying degree GLP-
1R (NLS1206; red, G). In the merged image (DAPI, blue, H), it is apparent that the adjacent

In the present study, we also estab-
lished that GLP-1 receptor expression
is present in C cell hyperplasia. C cell
hyperplasia may be found in thyroid
glands resected prophylactically in in-
dividuals with known predisposing
RET mutations as a result of family
screening. In the setting of an activating
RET mutation, C cell hyperplasia is
considered a preneoplastic lesion that

thyroid follicular cells are negative for both calcitonin and GLP-1R. Scale bar, 50 wm.

GLP-1 induced replication (15). By analogy, thyroid cells
that express GLP-1 receptor in humans (C cells or follic-
ular cells) may not proliferate in response to GLP-1 ther-
apy as C cells have been shown to do in rodents. On the
other hand, by definition, papillary thyroid carcinoma or
Ccells with dysregulated cell cycle control due to germline
mutations presumably are competent to proliferate.

The heterogeneity of GLP-1 receptor expression we re-
port here in both C cell hyperplasia and medullary thyroid
carcinoma likely accounts for the lower frequency of de-
tection of GLP-1 receptor expression by scintigraphy vs.
immunofluorescence in medullary thyroid carcinomas. In

constitutes carcinoma i situ of the thy-
roid C cells (19). Again, given the
known actions of GLP-1 on cell proliferation, it would
seem undesirable to expose individuals with a preneoplas-
tic form of C cell hyperplasia to long-term, high-dose
GLP-1 mimetic therapy. The more complex issue that
arises is whether C cell hyperplasia is present in individuals
without RET mutations. Sporadic C cell hyperplasia may
be identified as an incidental finding on histopathology
and has been described with aging, hyperparathyroidism,
hypergastrinemia, chronic lymphocytic thyroiditis, and
adjacent to follicular-derived thyroid tumors (19). The
overall incidence of this more pedestrian form of C cell
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FIG. 5. GLP-1 receptor expression in papillary thyroid carcinoma (subject 41). A, High-
magnification photomicrograph of a conventional-type papillary thyroid carcinoma exhibiting
papillary structures with fibrovascular cores lined by follicular-derived epithelial cells exhibiting
characteristic nuclear changes. These include nuclear enlargement and elongation,

overlapping nuclei, fine chromatin, hypochromasia, intranuclear grooves (arrowheads), and
intranuclear pseudoinclusions (arrows). A psammoma body is also seen within the circled area. B,
A focal area of the same papillary thyroid carcinoma illustrates the specific immunoreactivity for
GLP-1 receptor (GLP-1R; NLS1206; red) in some but not all cells of this papillary thyroid carcinoma
(DAPI, blue) but no immunoreactivity for calcitonin (green). Scale bar, 50 um. C-E, An area of
adjacent normal (tumor free) thyroid from the same section as B revealed a normal small cluster of
C cells immunoreactive for calcitonin (green, C) that were not labeled for GLP-1R (NLS1206; red,
D). Adjacent thyroid follicular cells apparent in the merged image (DAPI, blue, E) were negative for
both calcitonin and GLP-1R. The specific immunoreactivity of these C cells in the same section as
papillary thyroid carcinoma cells in A and B serves as a positive control for calcitonin labeling and
assures that GLP-1R (B) is indeed present in papillary thyroid carcinoma cells and not a mixture of

papillary thyroid carcinoma and C cells. Scale bar, 50 um.

hyperplasia is uncertain, although it has been reported to
occur in one third of supposedly normal thyroid glands at
autopsy (7). Although C cell hyperplasia in the setting of
activating RET mutations is accepted to be a premalignant
condition, the potential of sporadic C cell hyperplasia to
progress to invasive malignancy remains debated (20). In
arecent study, sporadic C cell hyperplasia in patients with
elevated serum calcitonin levels was shown to exhibit cy-
tological atypia and morphological features substan-
tially overlapping with those found in premalignant fa-
milial lesions (21).

Given the present data, it is plausible that GLP-1 re-
ceptor expression occurs only in C cells in humans as a
consequence of dysregulated cell cycle control presentin C
cell hyperplasia or medullary thyroid carcinoma. Alter-
natively, it is possible that there is heterogeneity with re-
spect to GLP-1 receptor expression, with most C cells not
expressing the GLP-1 receptor but with a small subset that
do. There is some indirect evidence to support the latter
postulate. To date, the potential actions of GLP-1 receptor
agonist therapy on the thyroid gland have been studied
most extensively in relation to liraglutide. In six prospec-
tive trials, no differences in plasma calcitonin levels were
observed between treated subjects and controls (22-27).
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However, pooled data revealed that li-
raglutide increased plasma calcitonin
levels in a dose-dependent fashion (3),
but a subsequent analysis of six phase 3
clinical trials of exposure to liraglutide
for 26 wk or longer in 5698 patients did
not reveal any detectable change in cal-
citonin levels (28). In the present study,
we identified normal C cells that were
immunoreactive for the GLP-1 receptor
in 33% of normal human thyroid
glands. Taken together with the mini-
mal or absent calcitonin response in
clinical studies with liraglutide, these
data imply that, in the majority of in-
dividuals, pharmacological activation
of GLP-1 receptor in C cells (when pres-
ent) does not lead to C cell hyperplasia
in the short term, atleast as adjudged by
calcitonin levels.

Concern with regard to GLP-1 ther-
apy and thyroid C cell tumors was first
raised by detection of such tumors in
toxicology-screening studies in rodents
treated with the GLP-1 receptor agonist
liraglutide (3). Important species-spe-
cific differences in C cell histology and
physiology do exist. In rodents, C cells
are present in greater densities within
the thyroid when compared with humans and nonhuman
primates (4), which correlates with the fact that calcitonin
plays a more important role in the regulation of serum
calcium levels in rodents compared with primates (29, 30).
It is common for rats to spontaneously develop prolifer-
ative C cell lesions as they age (3). In humans, C cells
comprise only 0.1% of the total mass of the thyroid gland
(31). In a recent study of human thyroid tissue, Bjerre
Knudsen et al. (4) reported that chronic liraglutide admin-
istration increased calcitonin levels in rats but not in non-
human primates. They also reported that in human thy-
roid glands, C cells were negative for GLP-1 receptor
expression by in situ hybridization and i situ ligand bind-
ing. Given the small number of C cells identified by Bjerre
Knudsen et al., these negative findings must be treated
with caution.

In the present study, we also identified GLP-1 receptor
expression in three of 17 papillary thyroid carcinomas,
implying that aberrant GLP-1 receptor expression may
arise from follicular cells in this relatively common thyroid
cancer. This was an unexpected finding because our focus
here was on the C cell lineage. If GLP-1 receptor activation
were to promote growth of papillary thyroid carcinoma,
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the absence of an increase in calcitonin levels would be of
little comfort. Papillary thyroid carcinoma comprises
90% of all thyroid cancer cases and has a rising incidence
(32). Thus, our finding of GLP-1 receptor immunoposi-
tivity in a fraction of papillary thyroid carcinomas is likely
of greater epidemiological significance than our findings
related to the C cell lineage. It will be important to address
the question of GLP-1 receptor expression in other thyroid
tumors arising from follicular cells in the future. Given the
prior report, using receptor scintigraphy, that GLP-1 re-
ceptor expression is present in a variety of other tumor
types (for example, tumors of the central nervous system)
(6), more detailed evaluation of GLP-1 receptor status in
other tissues may also be warranted. Moreover, it may be
prudent to monitor individuals exposed to long-term
GLP-1 mimetic therapy for any increased incidence of car-
cinomas of the thyroid gland and other cell types in which
the GLP-1 receptor has been demonstrated (33).
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