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Abstract 
Introduction: GLUT-1 is an endogenous marker of hypoxia which has been identified in diverse 

human tumors and there is evidence that GLUT-1 is associated with tumor aggressiveness in head and 

neck squamous cell carcinoma. 

Aim: Evaluation and comparison of GLUT-1 expression in verrucous carcinoma & various grades of 

squamous cell carcinoma. 

Objective: Our study aims to find the correlation of GLUT-1expression with the clinical and 

histopathological features of various lesions included in the study which are verrucous carcinoma and 

various grades of squamous cell carcinoma. It also aims at evaluating the aggressiveness of each 

individual lesion. 

Materials & Method: Study group - Histopathologically diagnosed 10 verrucous carcinoma (VC) 

cases, 30 oral squamous cell carcinoma (OSCC) cases, 10 each of well differentiated, moderately 

differentiated and poorly differentiated were selected. Only primary carcinoma cases were considered. 

For control group- 10 biopsy specimen of normal oral mucosa that are taken during minor oral surgical 

procedures with patient consent. Immunohistochemisrty method was employed to evaluate the GLUT-

1 expression in the various tissue sections. 

Results: GLUT-1expression is increased VC and OSCC in comparison to normal mucosa. Its 

expression in various OSCC cases is correlated with the aggressiveness, local metastasis. 

Conclusion: A better prognosis can be obtained by modifying treatment planning in accordance with 

the requirements of each lesion. Immunoexpression of GLUT-1 of tumour cells (VC & OSCC) can act 

as an adjunct in predicting the aggressiveness of each lesion. 
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Introduction 

Glut-1 is a hypoxic tumor marker which is used to determine the metabolic activity of tumor 

cells. Our study comprises of immunohistochemical comparison of Glut-1 expression in 

normal mucosa, verrucous carcinoma & all the three histological grades of oral Squamous 

cell carcinoma [1-3]. There are a variety of cell and tissue molecular biomarkers that can 

provide information in addition to that available from clinical examination and histological 

studies, as well as prognostic tumour biomarkers linked to the clinical outcome of oral 

squamous cell carcinoma (OSCC) [2-5]. 

Similar to CA IX and HIF-1 alpha, GLUT-1 has been found in a variety of human cancers. It 

has also been hypothesised that GLUT-1 may be an endogenous marker of hypoxia that 

correlates with aggressiveness in head and neck squamous cell carcinoma (HNSCC) [6-8]. 

Sugars are the main source of metabolic energy in mammalian cells [8-10]. The entry of sugars 

into cells, however, requires membrane-associated carrier proteins since the plasma 

membrane is impermeable to polar molecules. To facilitate its translocation, GLUT 

transporters take advantage of the sugar concentration gradients that already exist between 

the plasma membrane's internal and external sides [11-14]. SCC is a type of cancer that has a 

unique histology. It results from unchecked proliferation of epithelial cells or cells with 

specific cytological or tissue architectural features of squamous cell differentiation, such as 

the presence of keratin, tonofilament bundles, or desmosomes, structures involved in cell-to-

cell attachment [15]. Verrucous carcinoma is a low grade histopathological variant of 

Squamous cell carcinoma with intact basement membrane and pushing border rete ridges and 

intraepithelial keratinisation [16]. It is considered a potentially malignant disorder as often it 

has been seen that it eventually leads to Squamous cell carcinoma. Some of the studies are 

carried out in evaluating the expression of GLUT-1 in epithelial dysplasia and carcinoma but 

not many have been carried out in verrucous carcinoma [17-19]. Our study is evaluating  
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the expression of Glut-1 in verrucous carcinoma and the 

various grades of squamous cell carcinoma. 

 

Materials and Methods 

Materials included Glut 1 antibody and IHC kit from Path N 

Situ. Positively charged slides and the other materials 

required for IHC were obtained. The study group comprised 

of 10 well differentiated OSCC, 10 moderately 

differentiated OSCC, 5 poorly differentiated OSCC, 10 VC 

and 5 normal epithelium tissues. Formalin fixed paraffin 

embedded tissue blocks were taken of the earlier diagnosed 

cases from the institution. Patients with 

immunocompromised diseases or who are already 

undergoing treatment were excluded. IHC was performed 

with the given tissue sections using Glut- 1 antibody (Fig.1, 

2, 3, 4, 5). The slides were studied and scored on the basis 

of stained cells with glut-1.  

 

Immunoexpression of Glut-1 

 

  
 

Fig 1: Normal mucosa   Fig 2: Verrucous Carcinoma 
 

  
 

Fig 3: WDSCC    Fig 4: MDSCC 
 

 
 

Fig 5: PDSCC 
 

Findings 
When clinical parameters like age, sex, site, habit and TNM 
staging of OSCC cases were compared, there was 
significant association of Glut-1 expression with age group 
of patients (P=0.01, table 2) whereas in VC Glut-1 
expression was significantly associated with habits of 
patients (P=0.02, table 1). On comparing the expression of 
Glut-1 in normal, VC and different grades of OSCC it was 
seen that mean value of Glut-1 expression increased in VC 
and different grades of OSCC in comparison to normal 
tissue. 

Results clearly indicated that Glut-1 expression showed 
mixed results in relation to the various clinical parameters 
like age, sex, site, habit etc. whereas histopathologically its 
expression was directly proportional to the aggressiveness 
of the lesion. Its expression increased from normal 
epithelium to verrucous carcinoma and in various grades of 
squamous cell carcinoma progressively along with the grade 
of OSCC. P was found to be highly significant 
histopathologically. (Table 3; P=0, p<.05) 

 
Table 1: Glut-1 expression in VC (in terms of clinical parameters) 

 

Clinical 

Parameters 

VC 

cases 

% of 

Cases 

Glut 1 

expression 

P 

value 

Age <50 2 20% 14 
0.111 

 
>50 8 80% 40 

Sex M 6 60% 31 
0.597 

 
F 4 40% 23 

Site B.M 5 50% 27 

0.919 
 

A.M 3 30% 17 

 
A.R 2 20% 10 

habit Smoking 5 50% 27 
0.024 

p<.05  
Chewing 3 30% 12 

 
Both 2 20% 15 
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Table 2: Glut-1 expression in OSCC (in terms of clinical 

parameters) 
 

Clinical Parameters 
OSCC 

cases 

% of 

Cases 

Glut 1 

expression 
P value 

Age <50 5 20% 58 0.013, 

p<0.05 
 

>50 20 80% 187 

Sex M 20 95% 232 
0.796 

 
F 5 5% 13 

Site B.M 6 24% 55 

0.708 

 
A.M 6 24% 54 

 
Tongue 6 24% 61 

 
A.R 2 8% 17 

 
Lip 1 4% 8 

 
Retromolar Pad 2 8% 20 

 
GB sulcus 2 8% 20 

Habit Smoking 5 20% 58 

0.1  
Chewing 13 52% 121 

 
Both 5 20% 46 

 
None 2 8% 10 

TNM I 5 20% 49 

0.718  
II 10 40% 103 

 
III 8 32% 74 

 
IV 2 8% 19 

 
Table 3: Glut-1 expression in normal and different lesions 

 

Cases Frequency Total Score 
Mean of Glut-1 

expression 
SD P value 

Normal 5 6 1.2 1.1 

0.00 

(p<0.05) 

VC 10 54 5.4 1.58 

WDSCC 10 88 8.8 1.93 

MDSCC 10 103 10.3 1.33 

PDSCC 5 54 10.8 2.05 

 

Discussion 

The predictive value of GLUT-1 expression has not been 

comprehensively examined in OSCC, despite significant 

research on this parameter in HNSCC. 16, 18 Verrucous 

carcinoma has not been the subject of many investigations 

before. Malignant cells frequently exhibit enhanced glucose 

uptake, particularly in glycolytic (anaerobic) metabolism. 

Comparing malignant cells to their benign/normal 

counterparts in vitro and in vivo, malignant cells exhibit 

increased glucose absorption and utilisation [9-11]. The higher 

energy needs of rapidly reproducing cells are maintained in 

part by glycolytic metabolism, which is also thought to be a 

significant adaptive modification required to combat the 

unfavourable micro environmental conditions prevalent in 

tumours. [13-15]. Because of this, these metabolic alterations 

have historically been employed to offer diagnostic and 

prognostic information. [15-16]. The increased glucose uptake 

in tumours is mostly due to enhanced facilitative glucose 

transporter function, which is regulated by a number of 

oncogenes and growth factors. 17 One of the proteins that is 

up regulated in hypoxic circumstances is facilitative glucose 

transporter (GLUT-1). The differentiation and invasion 

processes may be responsible for the GLUT-1 staining that 

develops in the outer epithelial layers. However, the 

presence of GLUT-1 staining in central tumour nests far 

from blood arteries may indicate the presence of GLUT-1 

produced by hypoxia. It is debatable how GLUT-1 affects 

OSCC. Numerous studies have found a link between 

GLUT-1 expression and the development of numerous 

tumours, including head and neck, esophageal, lung, and 

other cancers. 18 However, nothing is known about how 

OSCC expresses itself in different histological grades. In 

order to examine GLUT-1 expression in normal mucosa, 

different histological grades of OSCC, and verrucous 

carcinoma-a low grade histopathological variant of 

squamous cell carcinoma-the current study was conducted 
[19]. The purpose of the current study is to evaluate the 

validity of GLUT-1 as a promising prognostic marker by 

examining the expression of GLUT-1 in normal mucosa and 

various grades of OSCC and verrucous carcinoma. The 

current study found a statistically significant difference in 

GLUT-1 expression between normal mucosa and OSCC 

cases, as well as weak or negative GLUT-1 expression in 

normal epithelium. GLUT-1 immunostaining was also 

found in cell layers above the parabasal layer, and its 

expression increased as OSCC grading increased [16-19]. In 

the current investigation, normal mucosa had localised to 

homogeneous GLUT-1 expression in the basal compartment 

and a few locations of the suprabasal cell layer, which was 

consistent with the findings of Reisser et al., who found that 

normal mucosa expressed Glut-1 less strongly than OSCC. 

This result is consistent with research by Ayala et al. [20] and 

Burnstein et al. [21]. We observed lower levels of GLUT-1 

expression in the keratinized pearl region, which is 

consistent with the pro-stromal pattern of Glut-1 expression 

that is low in central differentiated sections of WDSCC and 

is negatively correlated with the glycogen content, as 

observed by Angadi V. C. et al. [12]. The findings of 

Harshani et al. [22], who found a positive association 

between GLUT-1 expression and TNM staging, were 

validated by Yamada et al. [23] 's findings that GLUT-1 

expression was higher in stage III instances of PDSCC. In 

OSCC patients, Demeda et al. [24] could not find any 

correlation between GLUT-1 expression and tumour size or 

clinical stage of the tumour. In contrast to the study 

conducted by Azad N. et al., who compared the GLUT-1 

expression between the tobacco & non tobacco users in 

OSCC cases and found that there was more expression of 

GLUT-1 in tobacco user groups, we did not find any 

significant correlation of TNM staging with GLUT-1 

expression when comparing overall OSCC cases with 

clinical staging of the tumour [17]. Various additional 

carcinomas, including rectal carcinoma [28], colorectal 

carcinoma [27], bladder carcinoma [28], GLUT-1 expression 

has also been linked to poor overall survival in pancreatic 

carcinoma, esophageal carcinoma 29, laryngeal carcinoma, 

and other cancers. And stomach carcinoma [26], With gastric 

cancer 26, The energy metabolism of tumour cells has been 

examined in order to comprehend tumour biology. Many 

authors (Ayala F R et al. [20], Kunkel M et al. [4], Ohba S et 

al. [11], Schutter H D et al. [31], Eckert A W et al. [9], Grimm 

M et al. [32], Harshani J M et al. [22], Li C X et al. [33]) came 

to the conclusion that GLUT-1 can act as a predictive 

marker in head & neck squamous cell carcinoma, It was also 

suggested by Kunkel M et al. [4] and Ayala F R et al. [20] that 

Glut-1 over expression is linked to shorter survival 

Additional research by Schutter H. D. et al. [31] and Eckert 

A. W. et al. [15] (survival p=0.001) shown that Glut-1 can be 

utilized as an independent marker in routine OSCC 

assessment. 

 

Conclusion 

According to the findings of the current investigation, 

GLUT-1 expression may significantly rise and act as a 

promising immune marker for doctors to use in assessing 

the behaviour of VC and OSCC. Verrucous Carcinoma's 

http://www.medicinepaper.net/
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aggressiveness can be evaluated using GLUT-1, and it can 

also be used to identify which lesions are more likely to 

progress to malignancy. GLUT-1 serves as an adjuvant in 

determining the specific prognosis of each case in OSCC. 

 

Conflict of Interest 

There is no conflict of interest 

 

Source of funding 

Nil 

 

Ethical clearance 

Approved from Institutional Ethics Committee 

 

References 

1. Harber RS, Rathan A, Weiser KR, Pritsker A, Itzkowitz 

SH, Bodian C, et al. Glut-1 glucose transporter 

expression in colorectal carcinoma- a marker for poor 

prognosis. Cancer. 1997;80:1046-51. 

2. Reisser C, Eichhorn K, Herold-Mende C, Born AI, 

Bannasch P. Expression of facilitative glucose transport 

proteins during development of squamous cell 

carcinomas of the head and neck. Int. J Cancer. 

1999;80:194-8. 

3. De Vicente JC, Recio OR, Pendas SL, Lopez Arranz 

JS, et al. Oral Squamous cell carcinoma of the 

mandibular region; a survival study. Head Neck. 

2001;23:536-543. 

4. Kunkel M, Reichert TE, Benz P, Lehr HA, Jeong JH, 

Wieand S, et al. Overexpression of Glut-1 and 

increased glucose metabolism in tumors are associated 

with a poor prognosis in patients with oral squamous 

cell carcinoma. American Cancer society. 

2003;97(4):1015-24. 

5. Oliver RJ, Woodwards RTM, Sloan P, Thakker NS, 

Stratford IJ, Airley RE. Prognostic value of facilitative 

glucose transporter GLUT-1 in oral squamous cell 

carcinomas treated by surgical resection. Eur J of 

Cancer. 2004;40(4):503-507. 

6. Tohma T, Okazumi S, Makino H, Cho A, Mochizumi 

R, Shuto K, et al. Overexpression of glucose 

transporter-1 in oesophageal squamous cell carcinoma; 

a marker for poor prognosis. Dis Esophagus. 

2005;18:185-9. 

7. Arcasoy MO, Amin K, Vollmer RT, Jiang X, Demark-

Wahnefried W, et al. Erythropoietin and Erythropoietin 

receptor expression in head and neck cancer: 

relationship to tumour hypoxia. Cin Cancer. Res; 

c2005. p. 20-7. 

8. Kato Y, Tsuta K, seki K, Maeshima AM, Watanabe S, 

Suzuki K, et al. Immunohistochemical detection of 

Glut-1 can determine between reactive mesothelium 

and malignant mesothelioma. Mod Pathol. 

2007;(2):215-20. 

9. Eckert AW, Launtner MM, Taubart H, Shurtze A, 

Schubert J, Bilkenroth U. Expression of GLUT-1 is a 

prognostic marker for oral squamous cell carcinoma 

patients. Oncol Rep. 2008 Dec;20(6):1381-1385. 

10. Warnakulasuriya S. Global epidemiology of oral and 

oropharyngeal cancer. J oral oncology. 2009;45:309- 

316.  

11. Ohba S, Fuji H, Ito S, Fujimaki M, Matsumoto F, 

Furukawa M, et al. Overexpression of GLUT-1 in the 

invasion front is associated with depth of oral squamous 

cell carcinoma and prognosis. J Oral Pathol Med. 

2010;39:74-8. 

12. Angadi VC, Angadi PV. GLUT-1 immunoexpression in 

oral epithelial dysplasia, oral squamous cell carcinoma, 

and verrucous carcinoma. J Oral Sci. 2015;57:115-122. 

13. Lodi G, Porter S. Management of potentially malignant 

disorders: evidence and critique. J Oral Pathol Med. 

2008;37:63-67. 

14. Choi YS, Kim SJ, Kim DS, Park SJ, Park Y, Shin HJ, et 

al. Glucose transporter-1 expression in squamous cell 

carcinoma of the tongue. Cancer Res Treat. 

2007;39(3):109-115. 

15. Eckert A, Launter MM, Taubert H, Shurtze A, Schubert 

J, Bilkenroth U. Co expression of HIF-1α and glucose 

transporter -1 is associated with poor prognosis in oral 

squamous cell carcinoma patients. Wiley Online 

Library. 2011;58(7):1136-1147. 

16. Tian M, Zhang H, Nakasone Y, Moji K, Endo K. 

Expression of Glut-1 & Glut-3 in untreated oral 

squamous cell carcinoma compared with FDG 

accumulation in a PET study. Eur J Nucl Med Mol 

Imaging. 2004(31):5-12. 

17. Azad N, Maurya MK, Kar M, Goel MM, Singh AK, 

Sagar M, et al. Expression of Glut-1 in oral squamous 

cell carcinoma in tobacco and non-tobacco users. J Oral 

BiolCraniofac Res. 2016;6(1):24-30. 

18. Shimanishi M, et al. Silencing of Glut-1 inhibits 

sensitisation of oral cancer cells TP cisplatin during 

hypoxia. J Oral Pathol Med. 2013;42:382-388. 

19. Fenske W, Volher HU, Adam P, Hahner S, Johanssen 

S, Wortmenn S, et al. Glucose transporter Glut-1 

expression is a stage independent predictor of clinical 

outcome in adrenocortical carcinoma. Endocrine-

related cancer. 2009;16:919-928. 

20. Ayala FR, Rocha RM, Carvalho KC, Carvalho AL, 

Cunha IW, Laurenco SV, et al. GLUT1 and GLUT3 as 

potential prognostic markers for oral squamous cell 

carcinoma. Molecules. 2011;15: 2374-87. 

21. Burstein DE, Nagi C, Kohtz DS, Lumerman H, Wang 

BY. Immunohistochemical detection of GLUT1, p63 

and phosphorylated histone H1 in head and neck 

squamous intraepithelial neoplasia: evidence for 

aberrations in hypoxia-related, cell cycle- and stem-cell 

regulatory pathways. Histopathology. 2006;48(6):708-

716. 

22. Harshani JM, Yeluri S, Guttikonda VR. Glut-1 as a 

prognostic biomarker in oral squamous cell carcinoma. 

J Oral Maxillofac Pathol. 2014;18(3):372-378. 

23. Yamada T, Uchida M, Lee KK, Kitamura N, Lee K, 

Kitamura N, et al. Correlation of metabolism/hypoxia 

markers and flourodeoxyglucose uptake in oral 

squamous cell carcinoma. Oral surg Oral Med Oral 

Pathol Oral Radiol. 2012;113:464-471. 

24. Demeda CF, Carvalho CH, Aquino ARL, Nonaka CF, 

Souz LB, Pinto LP. Expression of Glucose Transporters 

1 and 3 in Metastatic and non-metastatic lower lip 

carcinoma. Brazilian Dental Journal. 2014;25(5):372-

378. 

25. Kawamura T, Kasukabe T, Sugino T, Watanabe K, 

Fukada T, Nashimoto A, et al. Expression of Glucose 

Transporter-1 in Human Gastric carcinoma. Cancer. 

2001;92:634-41. 

26. Hoskin PJ, Sibtain A, Daley FM, Wilson GD. GLUT1 

and CA IX as intrinsic markers of hypoxia in bladder 

http://www.medicinepaper.net/


International Journal of Advanced Research in Medicine http://www.medicinepaper.net 

~ 161 ~ 

cancer: relationship with vascularity and proliferation 

as predictors of ARCON. British Journal of Cancer. 

2003;82:1290-1297. 

27. Wincewicz A, Koda M, Sulkowaska M, Sulkowaski S, 

Kanczyga KL, Witkoususka E. Significant 

coexpression of GLUT-1, Bcl-xL and Bax in colorectal 

cancer. Ann N Y Acad. 2007;1095:53-61. 

28. Brophy Sheehan KM, Namara DA, Deasy J, Bokchin 

HDJ, Kay EW. GLUT-1 expression and response to 

chemoradiotherapy in rectal cancer. Int J Cancer. 

2009;125:2778-2782. 

29. Chiba I, Ogawa K, Morioska T, Shimoji S, Sunagawa 

N, Iraha S, et al. Clinical significance of Glut-1 

expression in patients with esophageal cancer treated 

with concurrent chemoradiotherapy. Oncology Letters. 

2011;2:21-28. 

30. Ohba S, Fuji H, Ito S, Fujimaki M, Matsumoto F, 

Furukawa M, et al. Overexpression of GLUT-1 in the 

invasion front is associated with depth of oral squamous 

cell carcinoma and prognosis. J Oral Pathol Med. 

2010;39:74-8. 

31. Schutter HD, Landuyt W, Virbeken E, Hirmans R, 

Nuyts S. The prognostic value of the hypoxia markers 

CA IX and Glut-1 and the cytokines VEGF and IL 6 in 

head and neck squamous cell carcinoma treated by 

radiotherapy+ -chemotherapy. BMC Cancer; c2005. p. 

5-42. 

32. Grimm M, Munz A, Terieti P, Nadtoschi T, Reinent S. 

Glut 1/TKTL co-expression predicts poor outcome in 

oral squamous cell carcinoma. Oral Surg Oral Med Oral 

Pathol Oral Radiol. 2014;117:743-753. 

33. Li CX, Sun JL, Gong ZC, Lin ZQ, Liu H. Prognostic 

value of Glut-1 expression in oral squamous cell 

carcinoma. Medicine (Baltimore). 2016;95(45):e5324. 

34. Baer SC, Casauboun L, Schwartz MR, Marcogliese A, 

Marcogliese A, Younes M. Glut-3 expression in biopsy 

specimens of laryngeal carcinoma is associated with 

poor survival. The Laryngoscope. 2002;112(2):393-

396. 

 
How to Cite This Article 

Sanjay Mishra MD, Ifterkhar S. GLUT-1 biomarker in predicting 

prognosis of VC and OSCC. International Journal of Advanced 

Research in Medicine 2019; 1(2): 157-161. 

 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-NonCommercial-

ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which 

allows others to remix, tweak, and build upon the work non-

commercially, as long as appropriate credit is given and the new 

creations are licensed under the identical terms. 
 

http://www.medicinepaper.net/

