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OBJECTIVE

Glucose transporter 1(GLUT1), as a member of the glucose transport facilitator family, has a role in
some cancers. The present study aimed to investigate the expression level of GLUT1 in papillary thyroid
cancer.
METHODS

This cross-sectional study was conducted in 2016 on tissue samples of patients, aged 18-60 years old,
recently diagnosed with papillary thyroid cancer based on the WHO criteria. Anti-GLUT1 rat monoclonal antibody and LSAB Kit were used for immunohistochemistry. The intensity of marker expression
was classified into three levels as follows: low, moderate and high. Other microscopic parameters, such
as capsule invasion and tumor type, were also studied.
RESULTS

The present study was conducted in 67 patients (mean age: 37.2±10.3 years old), including 37 (55.2%)
female patients. GLUT1 was expressed in all participants with papillary thyroid cancer, and high levels were observed in 64.2% of the patients. The elevated expression level was more frequent in men
(p=0.04); however, no significant relationship was found between the expression level of GLUT1 and the
pattern, capsule invasion, and lymph node metastases (p>0.05). We observed no significant relationship
between mean age and mean tumor size of patients with different expression levels of GLUT1.
CONCLUSION

GLUT1 was expressed at high levels in many patients with papillary thyroid cancer. However, there was
no significant relationship between the expression of marker and tumor properties.
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Introduction

Thyroid cancer is the most common malignancy of the
head and neck and endocrine system and accounts for
more than 90% of endocrinal neoplasia.[1] Evidence
suggests a growing prevalence of thyroid cancer in
some countries.[2–5] Many studies have attributed
this to changes in lifestyle or environmental factors.[2]
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At present, thyroid cancer is the sixth leading cancer
in women and the second leading cancer in women
younger than 40 years of age.[5] Different types of
thyroid cancer include follicular thyroid cancer, papillary thyroid cancer, anaplastic thyroid cancer and
medullary thyroid cancer.[6] Papillary thyroid cancer is the most common histologic subtype of thyroid cancer, accounting for 70%-90% of all thyroid
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cancers.[7] Various factors are used to predict the
clinical outcome of papillary thyroid cancer, including age, size, capsular invasion, lymph node involvement, and extranodal and metastatic involvements.
[8] These factors are suitable for selecting appropriate
treatment strategies.[9] Moreover, recent attempts to
enhance diagnostic accuracy and develop new prognostic criteria have proposed molecular and immunohistochemical markers. This is because, in addition
to their diagnostic value, they can be used as a prognostic criterion.[10]
Studies suggest increased energy absorption from
metabolism as an important characteristic of tumor
cells.[11] This absorption is mediated by glucose transporters, whose expression and activity are regulated
by oncogenes and growth factors. GLUT1, as a member of the glucose transport facilitator family with 13
members, is responsible for glucose uptake into human red blood cells.[12] GLUT1 is an energy-independent transport protein with a high affinity for glucose. It is highly expressed on endothelial cell surfaces
at the blood-brain-barrier, allowing glucose entry into
the brain,[13] on erythrocytes, [14] at the blood-ocular
barrier,[15] and on the perineurium.[16] The elevated
GLUT1 mRNA levels have been reported in the pancreas, colon, stomach, and esophagus cancers.[16, 17]
Its expression is also elevated in the cancers of breast
and cervix, renal cell carcinoma (RCC), squamous cell
carcinomas of the head and neck, and carcinomas of
other sites.[18–22] There are scant studies into the
GLUT1 level in various thyroid malignancies.[23,24]
To our knowledge, there is no study specific to its role
and prognostic value in papillary cancer. Therefore,
this study aimed to determine the expression level of
GLUT1 in papillary thyroid cancer and its relationship
with the disease prognosis.
Materials and Methods

This cross-sectional study was conducted in 2016 on
tissue samples of patients, recently diagnosed with
papillary thyroid cancer. The diagnosis was made
based on the WHO criteria in the Department of
Pathology at Mazandaran University of Medical Sciences. The inclusion criteria were being aged 18-60
years old, underwent thyroidectomy and lobectomy.
Patients with incomplete tumor resection, preoperative radiotherapy, and tissue too scant for reliable assessment were excluded from this study. The sample
size was estimated at least 64, considering the confidence interval of 95% and GLUT1 expression of 60%
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in malignant thyroid masses, with an accuracy level
of 0.12. The formalin-fixed paraffin blocks of tumor
samples were used to prepare the tissues for immunohistochemistry assessment. The slides were examined
not only to confirm the tumor diagnosis but also to
evaluate other microscopic parameters, such as capsular invasion and tumor type. For immunohistochemical staining, 5-µm sections were prepared and placed
on specific organo-silane-based glass slides. The slides
were rinsed twice (each time for 10 minutes) in xylol
to remove the remaining paraffin. They were then immersed in pure alcohol three times, and rinsed with
tap water and then immediately with distilled water.
Antigen was retrieved at 99°C for approximately 30
min in citrate buffer (pH 6). After reaching the room
temperature, the slides were immersed in 3% hydrogen
peroxide for 10 min. The slides were then incubated
with the rat anti-GLUT1 monoclonal antibody 1:200
(DAKO Co) for 60 min at room temperature and then,
rinsed with phosphate-buffered saline (PBS). Next, the
samples were incubated using the LSAB Kit (DAKO
Co) for 10 min at room temperature. Next, incubation
was performed using a chromogen solution prepared
with DAB for 10 min in a dark environment. After
that, the samples were rinsed with tap water and then
with distilled water.
Erythrocyte was used as a positive control. The negative control was carried out at the same time with the
incubation of the sections. Positive parameters in the
immunohistochemical marking of antigens included
cases where the cells exhibited a brownish cytoplasm,
regardless of the immune cell marker’s stainability capacity. Images of five fields were randomly taken (400x
magnification), using a camera with the highest imaging resolution. The intensity of marker expression was
classified into three levels as follows: low, moderate,
and high.[25] In addition to pathologic parameters,
the age and sex of the patients were recorded. Data
were analyzed using chi-square and ANOVA in SPSS.
P<0.05 was considered to be significant.
Results

The present study was conducted in 67 patients, including 30 (44.8%) male and 37 (55.2%) female patients.
The mean age of the patients was 37.2±10.3 years. The
mean tumor size was 1.70±0.7 cm. Other tumor properties are presented in Table 1.
Table 2 shows the relationship between GLUT1
and tumor properties. The findings showed that
there was a significant relationship between GLUT1
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expression level and sex, and the higher expression
level was more frequent in men (p=0.04), whereas
there was no significant relationship between pattern,
capsule invasion, and lymph node metastasis with the
expression level (p>0.05). In addition, no significant
relationship was found between mean age and tumor
size of the patients with different GLUT1 expression
levels (Table 3).
Table 1

b

n (%)

Pattern
Diffuse
Negative
Severity
Weak
Moderate
Strong
Capsular invasion
No
Yes
Lymph node metastasis
No
Yes

51 (76.1)
16 (23.9)
7 (10.4)
17 (25.4)
43 (64.2)
61 (91)
6 (9)
46 (68.7)
21 (31.3)

Fig. 1. Hematoxylin-eosin staining of papillary thyroid
cancer for complex papillary structure with 100x
(a) and nuclear features with ×400 (b).

a

b

Relationship between GLUT1 expression level and
thyroid tumor properties

		

Weak

Moderate

Strong

p

Pattern				
Diffuse
5 (9.8)
10 (19.6)
36 (70.6) 0.119
Negative
2 (12.5)
7 (43.8)
7 (43.8)
Sex				
Male
9 (30)
21 (70)
0.040
Female
7 (18.9)
8 (21.6)
22 (59.5)
Capsular invasion				
No
6 (9.8)
16 (26.2)
39 (63.9) 0.800
Yes
1 (16.7)
1 (16.7)
4 (66.7)
Lymph node
metastasis				
No
5 (10.9)
14 (30.4)
27 (58.7) 0.334
Yes
2 (9.5)
3 (14.3)
16 (76.2)

Table 3

a

Thyroid tumor properties

Variable

Table 2

Hematoxylin-eosin and immunohistochemistry staining of papillary thyroid cancer are shown in
Figures 1 and 2, respectively. Different immunohistochemistry staining of papillary thyroid cancer is presented in Figure 3.

Mean and standard deviation of age and thyroid
tumor size in terms of GLUT1 expression level

		
Age (mean±SD)
Size (mean±SD)

Weak

Moderate

Strong

p

38.2±11.6
1.7±0.8

37.3±8.9
1.5±0.7

37±10.8
1.7±0.7

0.958
0.570

Fig. 2. Immunohistochemistry staining of papillary thyroid cancer with ×400; No staining in thyroid hyperplastic nodule (a) and mild staining GLUT1
marker in hyperplastic nodule (b).

a

b

c

Fig. 3. Immunohistochemistry staining of papillary thyroid cancer; moderate staining GLUT1 marker
with ×400 (a), strong staining GLUT1 marker
with ×100 (b) and strong staining GLUT1 marker
with ×400 (c).
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Discussion

The present study showed elevated levels of GLUT1
expression in 64.2% of patients with papillary thyroid
cancer. Haber et al.[26] reported GLUT1 expression
in nine patients (52.9%) out of a total of 17 patients
with papillary thyroid cancer. Jóźwiak et al.[16] investigated 95 tumor cases, including anaplastic, follicular adenoma, papillary cancer, follicular cancer,
and thyroid cancer with poor differentiation. Using
immunohistochemistry, they found GLUT1 expression in 65% of cases with thyroid cancer. In addition to thyroid cancer, increased expression levels of
GLUT1 were also observed in some other cancers.
Reis et al. studied GLUT1 expression in 105 patients
with uroepithelium tumors, using immunohistochemistry. They evaluated the stainability of GLUT1,
using the standard immunoreactive score (IRS). They
discovered that the GLUT1 expression level was significantly correlated with malignancy grading in noninvasive cancers; however, no significant relationship
was reported between the GLUT1 expression level
and the grade of invasive cancers.[6] A report on immunohistochemical patterns in rectal cancer found
GLUT1 expression to be significantly correlated with
poor prognosis. Moreover, increased GLUT1 level
was seen to be correlated with metastasis. However, it
was not believed to be correlated with prognostic factors.[17] An investigation of GLUT1 expression level
and glucose metabolism into oral squamous cell carcinoma and their relationship with the disease prognosis showed higher survival rates in patients with
lower GLUT1 levels.[5] Glucose is needed not only
for the rapid production of ATP but also for biomass
storage through the production of molecular precursors for nucleotides, cell membranes, and other cellular elements that have a role in cell division.[12]
This marker has a role in glucose transport into the
cell and displays high expression in papillary thyroid
cancers; therefore, it could be used as a therapeutic
marker. Similarly, a recent review showed that cancerous cell proliferation requires a high amount of
glucose for energy generation, which is supplied from
alternative pathways, so, GLU was recommended as a
therapeutic marker.[27]
Current findings showed a significant relationship
between GLUT1 expression level and sex. Indeed high
expression level was more frequent in men (p=0.04),
whereas no significant relationship was observed between sex and the pattern, capsule involvement, and
lymph node metastasis (p>0.05). Jóźwiak et al.[16]
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found a significant correlation between the expression of GLUT1 and the proliferation of thyroid tumor
samples.
A strength of this research was to investigate a specific type of thyroid tumor, namely papillary thyroid
cancer. Limitations of this study include the lack of a
control group. Further studies are recommended to investigate the effects of marker expression on patients’
survival rates and prognosis through prospective research.
Conclusion

High expression levels of GLUT1 protein were observed in many patients with papillary thyroid cancer.
However, there was no significant relationship between marker expression and tumor properties.
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