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Abstract. The largest cause of the incidence and death of cancer patients in the world is due 
to lung cancer. The biggest energy source for cells is glucose. Glucose transporter 1 is 
overexpressed in various cancers. Given the importance of GLUT1 in the oncogenesis 
process, it is necessary to conduct research to determine the prognostic value and subsequent 
GLUT1 therapy in lung cancer. We collected tissue paraffin blocks formaldehyde from 43 
patients with pulmonary Adenocarcinoma (ADC) and Squamous Cell Carcinoma (SqCC) 
consisting of 34 men and 9 women, used to investigate the immunohistochemical association 
of GLUT1 expression. Medical records and pathology archives were used as data sources for 
clinicopathology. The results showed 23 cases (53%) had GLUT1 expression, while 20 cases 
(47%) were not expressed (negative). Distribution of immunohistochemical expression based 
on sex was found as many as 21 positive cases (61.8%) in male and 2 positive cases (22,2%) 
in female. The mean age of ADC and SqCC patients was 59,51 years. More than 90% of 
people with lung cancer are over 40 years of age. The data from this study also showed a 
significant relationship between GLUT1 and cancer stage (p <0,008; OR 10,5), Glut 1 with 
tumor size (p <0,003; 18,0) and the relationship between GLUT 1 and histopathological type 
(p <0,003). ; OR 9,14). From the results of this study, GLUT1 expression in lung cancer can 
be an indication of the metabolic and vascular requirements of tumors with clinical 
implications for patient survival and lung cancer follow-up therapy plans 
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Introduction. 

       It is estimated that there will be an increase in cancer problems worldwide to 18,1 
million new cases with 9,6 million deaths in 2018. Data shows that 2,1 million new cases and 
1,8 million deaths are due to lung cancer as the main cause of cancer in 2018.[1] This is due 
to the poor prognosis for the disease worldwide.[2] The type of cancer most often diagnosed 
in men is lung cancer, accounting for 14,5% of all cases in men and 8,4% in women, and lung 
cancer is the leading cause of cancer death in men (22,0%).[1] The use of glucose in cancer 
cells shows a higher metabolic rate compared to normal cells to support their proliferation 
ability.[3] The increased need for glycolysis in cells as well as the use of glucose to produce 
energy in cancer is known as the "Warburg effect". There are 14 family members of GLUT 
and the most frequent cause of cancer in humans and is responsible for meeting high glucose 
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requirements is the task of GLUT1.[4] The oncogenesis process can show excess GLUT 1 in 
various cancers, as a result of the high demand for glucose in the cytoplasm of tumor cells.[5] 
The process of resetting cancer cell metabolism leads to high proliferation of cancer cells.[5] 
High GLUT1 expression as an indication of hypoxia and glucose metabolism. So that 
researchers feel the need to conduct research on GLUT1 to see its prognostic value in lung 
cancer types ADC and SqCC. 

 
1. Materials and Methods 

     We studied 43 sample of pulmonary Adenocarcinoma and Squamous Cell Carcinoma at 
the Department of Anatomic Pathology, Universitas Sumatera Utara/H. Adam Malik General 
Hospital Medan, using the cross sectional approach. We collected clinical data including age, 
gender, smoking status, tumor stage, tumor size, tumor location and histopathology type. The 
histopathology type was evaluated by three investigators through microscopic examination of 
the slides with hematoxylin and eosin staining. 
          Immunohistochemical staining was performed using GLUT1 (Glucose Transporter 1), 
rabbit polyclonal antibody, Bioassay Technology Laboratory. Positive control is endometrial 
tissue (Adenocarcinoma endometrium). The GLUT1 expression was evaluated by three 
researchers by summing the results of the area score with the intensity score. So that the 
immunoreactive GLUT1 score is obtained. The broad score assessment (score 0-3) and 
intensity score assessment (score 0-3), with a total score of 6, where the score 0-4 is called a 
negative GLUT1 expression and a score 5-6 is called a positive GLUT1 expression.[6] 
GLUT1 expression was found to be positive in the cytoplasm and cytoplasmic membrane. 
 

2. Results 
 

     Table 1. Data on clinicopathology distribution of samples of lung cancer patients  
 

      Clinicopathological      Number of case (n)                 Percentage (%) 
 
Gender 
 Male     34            79 
 Female      9            21 
Age (years) 
 < 65 years   30            70 
 ≥ 65 years   13            30 
 
Smoking status 
 Do not smoke    6            14 
 Smoke    37            86 
  Light     2        5,4 
  Moderate    9      24,3 
  Heavy    26      70,3 
Tumor stage 
 Stage I      6            14 
 Stage II       6            14 
 Stage III    11            25,5 
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 Stage IV   20            46,5 
Tumor size 
 < 3 cm    10            23 
 ≥ 3 cm    33            77 
Location of the tumor 
 Central    21            49 
 Perifer    22            51 
Histopathology type 
 Adenocarcinoma  23            53 
 Squamous cell carcinoma 20            47 
 

 
          This study found 23 cases (53%) of patients who expressed positive with GLUT1 and 
20 cases (47%) who did not express GLUT1 (Table 2). 

 
Table 2.Data on the distribution of GLUT1 immunohistochemical expression  
 
Expression GLUT1                 Number of cases(n)                             Percentage (%) 
 
Negative (-)            20                 47 
 
Positive  (+)            23                 53 
 
Total             43                            100 
 
         
           Based on the results of this study, the distribution of GLUT1 immunohistochemical 
expression was obtained by 21 positive samples (61,8%) in male, while for female, 2 
samples (22,2%) and 7 negative samples (77,8%) were obtained. For the distribution of 
GLUT1 expression based on age, it was obtained data that age <65 years were positive as 
many as 16 samples (53,3%) and negative 14 samples (46,7%) while for those aged ı 65 
years who were positive totaled 7 samples (53,8 %) and 6 samples expressed negative 
(46,2%). Smoking status shows the same data for positive and negative expressions on 
GLUT1, namely 3 samples (50%) of all existing samples. For patients who smoke, it was 
found that 20 samples (54,1%) expressed positive with GLUT1 and 17 samples (45,9%) 
were not expressed (negative). From the data on the distribution of GLUT1 
immunohistochemical expression based on tumor stage I and II, there were 2 samples 
(16,7%) that expressed positive and 10 samples (83,3%) were not expressed (negative), 
while for stages III and IV there were 21 samples. (67,7%) who expressed positive and 10 
samples (32,3%) were negative. For the location of the tumor in the center there were 12 
samples (57,1%) and 9 samples (42,9%) that were not expressed. Researchers then 
performed statistical tests, and obtained results that showed relationship between GLUT1 
and tumor stage (p <0,008; OR: 10,5), tumor size (p <0,003; OR: 18,0) and histopathology 
type (p <0,003; OR: 9,14). 
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Table 3. Data on the distribution of GLUT1 immunohistochemical expression based on the 
clinicopathology of patients.  
 
                                Expression GLUT1                       Total   P Value 
Clinicopathology 
                negative          positive 

 
                n        %           n        %           n         % 
 
      Gender                            
         Male           13      38,2         21     61,8       34       100 
         Female            7       77,8          2      22,2        9        100 
 Age                    
        < 65 years           14      46,7         16     53,3       30       100 
        ≥ 65 years              6       46,2          7      55,8       13       100 
 Smoking status               
   Do not smoke            3       50             3       50        6        100 
   Smoke                        17     45,9          20     54,1       37       100 
 Tumor stage              0,008* 

   Stage I and II              10     83,3           2      16,7       12       100 
   Stage III and IV          10     32,3          21     67,7       31       100 
 Tumor size              0,003* 
   < 3 cm              9        90            1       10       10       100 
   ≥ 3 cm            11      33,3          22     66,7      33      100 
 Location of the tumor              
   Central              9       42,9         12     57,1      21      100 
   Perifer             11       50           11       50        22      100 
 Histopathological type             0,003* 

   Adenocarcinoma          16      69,6          7      30,4       23      100 
   Squamous cell ca.          4        20          16       80        20      100 
                 
 *p value < 0.05 

 
 
 
 
 
 
 
 
 
 
 

 
 Figure 1. A.GLUT1 expression in SqCC (+1), B. GLUT1 expression in SqCC (+2), C. GLUT1 expression in 
 SqCC (+3) 

A B C 
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 Figure 2. A.GLUT1 expression in ADC (+1), B. GLUT1 expression in ADC (+2), C. GLUT1 expression in 
 ADC (+3) 

 
3. Discussion 

       The nutritional requirement of the tumor grows according to its volume, but its ability 
to absorb materials by diffusion from the surrounding tissue corresponds to the surface area of 
the tumor. Therefore the tumor grows to its maximum size, as a result, the tumor is deficient in 
nutrients which will inhibit tumor proliferation until the tumor is in a silent state.[7] Squamous 
cell carcinoma has a smaller number of blood vessels, indicating poor blood perfusion in the 
tumor, leading to hypoxia and increased glucose requirements for metabolism.[8]  

        The features of SqCC often show necrosis caused by the presence of hypoxia and a 
higher rate of glycolysis, while the level of oxidative phosphorylation is higher in ADC.[8] 
Anaerobic (hypoxic) glycolytic conditions were found in SqCC which consisted of poor 
vascularization, extensive necrosis, and high lactate, as well as increased expression of 
GLUT1, whereas aerobic conditions were found in ADC which had good vascularity, and 
glycolytic metabolism.[9] 

       Studies have shown that SqCC exhibits higher expression in GLUT1 compared to ADC, 
as a result of the presence of ischemia, hypoxia or both.[8] Adenocarcinoma and SqCC 
showed different patterns of GLUT1 expression in location and frequency in tumors. Tumor 
cells are highly dependent on glycolysis with lactate production rather than mitochondrial 
oxidation, even in the presence of oxygen (Warburg effect) or 'aerobic glycolysis’.[10] To 
support high levels of glycolysis, tumor cells require increased glucose transport into the cells. 
This is facilitated by upregulation of glucose transport (GLUTs).[10]  

       These results indicate that pulmonary ADC and pulmonary SqCC exhibit different 
metabolisms.[11] In Adenocarcinoma, cytoplasmic staining patterns and diffusion are 
observed along with membrane staining. In contrast, Squamous Cell Carcinoma expresses 
GLUT1 exclusively within the membrane.[4] This study shows that GLUT1 in SqCC is 
localized on the plasma membrane and plays a role in increasing glucose intake.[4] GLUT 1 
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expression is lower in ADC because ADC is independent of glucose metabolism.[4] Glucose 
uptake and GLUT1-mediated metabolism in SqCC can be utilized for the development of 
targeted therapeutic strategies for SqCC. 

 
 

     Conclusion 
 
      After conducted this research, we highlighted several points in the following 
 
1. From the results of the study, it was found that lung cancer patients for the male gender 

were more dominant than for female. 
2. Sufferers who smoke more than those who don't.  
3. There is a significant relationship between GLUT1 with tumor stage, tumor size and 

histopathological type. 
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