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Abstract: The aim of this study was to investigate the association of CD147 and GLUT-1, which play important 
roles in glycolysis in response to radiotherapy and clinical outcomes in patients with locally advanced cervical 
squamous cell carcinoma (LACSCC). The records of 132 female patients who received primary radiation therapy 
to treat LACSCC at FIGO stages IB-IVA were retrospectively reviewed. Forty-seven patients with PFS (progression-
free survival) of less than 36 months were regarded as radiation-resistant. Eighty-five patients with PFS longer 
than 36 months were regarded as radiation-sensitive. Using pretreatment paraffin-embedded tissues, we evaluated 
CD147 and GLUT-1 expression by immunohistochemistry. Overexpression of CD147, GLUT-1, and CD147 and GLUT-
1 combined were 44.7%, 52.9% and 36.5%, respectively, in the radiation-sensitive group, and 91.5%, 89.4% and 
83.0%, respectively, in the radiation-resistant group. The 5-year progress free survival (PFS) rates in the CD147-low, 
CD147-high, GLUT-1-low, GLUT-1-high, CD147- and/or GLUT-1-low and CD147- and GLUT-1- dual high expression 
groups were 66.79%, 87.10%, 52.78%, 85.82%, 55.94%, 82.90% and 50.82%, respectively. CD147 and GLUT-1 co-
expression, FIGO stage and tumor diameter were independent poor prognostic factors for patients with LACSCC in 
multivariate Cox regression analysis. Patients with high expression of CD147 alone, GLUT-1 alone or co-expression 
of CD147 and GLUT-1 showed greater resistance to radiotherapy and a shorter PFS than those with low expression. 
In particular, co-expression of CD147 and GLUT-1 can be considered as a negative independent prognostic factor.
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Introduction

Cervical cancer is the third most commonly 
diagnosed cancer and the fourth leading cause 
of cancer death in females worldwide [1]. 
Radiation therapy (RT) can be used to treat all 
stages of cervical cancer and remains the most 
common management for locally advanced 
cervical cancer as preoperative or postoperative 
adjuvant or primary treatment, despite recent 
advances in cancer treatment such as cisplatin-
containing concurrent chemotherapy with ra- 
diation [2-4]. Although radiotherapy plays an 
important role in the treatment of locally 
advanced or inoperable cervical carcinoma, 
the treatment results remain poor with external 
beam RT (EBRT) and brachytherapy (BRT). The 

resistance of tumor cells to radiation is a major 
therapeutic problem [5]. Although tumor size 
and International Federation of Gynecology and 
Obstetrics (FIGO) staging may serve as markers 
for response to radiotherapy, they are not likely 
to fully account for the observed variability [5]. 
For example, the response to radiotherapy and 
prognosis vary for patients who may have the 
same tumor diameter and FIGO stage. There-
fore, it is important to identify new markers to 
predict more accurately the response to 
radiotherapy and prognosis of an individual 
patient.

Malignant tumors vary in their response to 
irradiation as a consequence of resistance 
mechanisms taking place at the molecular 
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level. It is important to understand these me- 
chanisms of radioresistance, as counteracting 
them may improve the efficacy of radiotherapy. 
Radiosensitivity can be influenced both by 
intrinsic and extrinsic factors. Some relevant 
factors influence radiosensitivity such as 
hypoxia [6-11], cell cycle [12-14], DNA damage 
and repair [15-19], apoptosis [20-23], growth 
factors and oncogenes [24-26], cancer stem 
cells and epigenetic modification of genes [27-
29]. Furthermore, glycolysis that is tightly 
associated with the biological effects of 
radiation can also result in radiosensitivity dif- 
ferences. 

In pioneering studies in the 1920s, Otto 
Warburg observed that cancers possess a 
remarkable ability to sustain high rates of 
anaerobic-like glycolysis even in the presence 
of oxygen: the Warburg effect. Many studies 
have certified that glycolytic metabolism in 
malignancies correlates with radioresistance 
[30, 31]. There are three major reasons for this 
phenomenon. First, products of glycolysis accu- 
mulated in tumor cells constitute an intracellular 
redox buffer network that effectively scavenges 
free radicals and reactive oxygen species (ROS) 
[32-34]. Second, glycolysis supplies the tumor 
cells with ATP in hypoxic microenvironments 
[35, 36]. Third, products of glycolysis also 
supply the anabolic precursors for de novo 
nucleotide and lipid synthesis [37], which are 
necessary for tumor high growth rates. Thus, 
glycolysis plays a critical role in tumor radio- 
resistance.

CD147 (also known as extracellular matrix 
metalloproteinase inducer, basigin, neurotelin) 
is a multifunctional transmembrane protein 
with two extracellular Ig-like domains and a 
cytoplasmic tail of 40 amino acids [38]. This 
protein is an important molecule for tumor 
progression including tumor invasiveness, me- 
tastasis, proliferation, and angiogenesis throu- 
gh increasing production of hyaluronan [39], 
and stimulating the production of multiple 
matrix metalloproteinases (MMPs) by fibro- 
blasts, endothelial cells and tumors cells and 
the activation of VEGF-A by MMPs [40-45]. 
CD147 is described to be upregulated in several 
human cancers [46, 47], including cervical 
squamous cell carcinoma [48] in which it was 
found to correlate with pelvic lymph-node 
metastasis and resistance to radiotherapy [49]. 
However, the mechanism by which CD147 

induces radioresistance is not clear. Baba and 
coworkers reported that blocking CD147 using 
anti-human CD147 mouse monoclonal antibody 
MEM-M6/1 induces cell death in cancer cells 
through impairment of glycolytic energy meta- 
bolism in colon cancer, which includes inhibition 
of lactate uptake and lactate release, reduced 
intracellular pH (pHi), and decreased glycolytic 
flux and intracellular ATP [50]. Su and coworkers 
reported that a CD147-targeting siRNA inhibits 
the proliferation, invasiveness, and vascular 
endothelial growth factor (VEGF) production of 
human malignant melanoma cells by downre- 
gulating glycolysis [51]. Therefore, there is a 
close relationship between CD147 and gly- 
colysis. To reveal the possible mechanism, the 
researchers mainly focused on the complex 
formed by CD147 and monocarboxylate 
transporters (MCTs), which is critical for lactate 
transport and pHi homeostasis and influences 
the glycolytic rate in tumor cells [52-54]. 
However, there are many other important steps 
aside from lactate transport that can affect 
glycolytic rates in tumor cells, such as glucose 
transport; the glucose transport for which 
GLUT-1 is mainly responsible is the first step of 
glucose metabolism and is a rate-limiting step. 
Moreover, some reports showed GLUT-1 is a 
marker of radioresistance in oral squamous 
cell carcinomas (OSCC) [55]. Therefore, we 
hypothesized that CD147 may increase LACSCC 
radioresistance by improving glycolysis rates 
through upregulation of GLUT-1, thus increasing 
glucose uptake.

The first rate-limiting step of glucose meta- 
bolism is the transport of glucose across the 
plasma membrane. The GLUT family of proteins 
is responsible for this function. The most 
important member of this family in tumor cells 
is GLUT-1 [56]. More recently, overexpre- 
ssion of GLUT-1, representing a basic mecha- 
nism that may contribute to enhanced glucose 
metabolism, has been well documented in 
human solid tumors [55, 57-61]. Despite slight 
differences in the staining procedure, type of 
analysis and cut-off values, all these studies 
have uniformly associated GLUT-1 overexpre- 
ssion with enhanced tumor aggressiveness 
and unfavorable clinical outcome. Considering 
that overwhelming clinical evidence has accu- 
mulated attesting to the biological significance 
of GLUT-1 in solid tumors, and that the glycolysis 
phenotype markedly correlates with radioresis- 
tance, we presume that there is some rela- 
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tionship between overexpression of GLUT-1 
and radioresistance in LACSCC. In fact, it has 
been suggested that GLUT-1 inhibition downre- 
gulates glycolysis with a decreased rate of 
glucose uptake, induces cell-cycle arrest, and 
suppresses cancer cell proliferation in vitro and 
in vivo [62]. Pedersen and coworkers even 
reported a hypoxia-independent effect of GLUT-
1 on radiation resistance in small-cell lung 
cancer cells [62]. Furthermore, overexpression 
of GLUT-1 is associated with resistance to 
radiotherapy and adverse prognosis in squa- 
mous cell carcinoma of the oral cavity [55]. 
From these evidences, we postulate that there 
is a relationship between overexpression of 
GLUT-1 and radioresistance in LACSCC. To the 
best of our knowledge, the potential relationship 
between GLUT-1 expression and tumor respon- 
se to radiotherapy has not been systematically 
analyzed in LACSCC. Therefore, in the present 
study we set out to investigate whether GLUT-1 
expression is related to the radioresistance of 
tumors at a clinically relevant level in LACSCC. 

We investigated whether CD147 or GLUT-1 
expression is related to tumor radioresistance 
and analyzed the relationship between the two 
proteins at a clinically relevant level. Our results 
established that CD147 expression alone, 
GLUT-1 expression alone and CD147 and GLUT-
1 co-expression are markers of radioresistance 
in LACSCC, with high expression of both CD147 
and GLUT-1 being associated with an indepen- 
dent unfavorable clinical outcome. In future 
studies, we will study the relationship between 
CD147 and GLUT-1 and the radioresistance 
mechanism through cytobiology and nude 
mouse xenograft experiments.

Material and methods

Patients and clinical tissue samples

The population of this retrospective cohort 
study consisted of 132 patients that had 
received primary radical RT in the Department 
of Radiation Oncology, Xiangya Hospital and 
Hunan Provincial Tumal Hospital, Central South 
University between January 2005 and March 
2012. The inclusion criteria were as follows: (a) 
pathologically proven squamous cell carcinoma 
of the cervix; (b) no evidence of distant 
metastasis at diagnosis (FIGO stage IB-IVA); (c) 
the existence of tissue blocks available for our 
research; and (d) administration of no other 

anticancer treatment prior to primary RT, or 
surgery after RT. The study was approved by the 
Research and Ethics Committee of our insti- 
tution. Follow-up was closed in May 2012. The 
median follow-up time for survivors was 45 
months (range, 2-85.5 months). The median 
progression-free survival (PFS) time was 43.5 
months (range, 0-85.5 months). Patient median 
age was 51 years (range, 28-80 years). We di- 
vided the patients into two groups: the radia- 
tion-sensitive group (n=85) and the radiation-
resistant group (n=47) [5]. The radiation-
sensitive group included patients who showed 
no local recurrence and distant metastasis for 
≥3 years after primary treatment (PFS ≥36 
months).

The radiation-resistant group included patients 
who had tumors that did not respond to RT at 
all, or who experienced local recurrence or 
distant metastasis at <3 years after the primary 
treatment (PFS <36 months). Therefore, the 
radiation-resistant group was divided into three 
subgroups. The RT non-responsive subgroup 
consisted of patients whose primary tumor 
persisted and did not shrink markedly after 
primary treatment until time of death. The local 
recurrence subgroup consisted of patients 
whose primary tumor had initially disappeared 
but subsequently showed local recurrence at 
<3 years after the primary treatment. The 
distant metastasis subgroup consisted of 
patients whose primary tumor had disappeared 
after treatment but had then showed distant 
metastasis at <3 years after the primary 
treatment. PFS was defined as the period from 
the end of therapy to the date of the first 
documented evidence of recurrence or meta- 
static disease. Evidence was required from 
clinical physical examination, pathological 
biopsy or imaging studies. Each primary cervical 
tumor diameter was assessed by means of 
direct measurement during clinical physical 
examination rather than medical imaging. In 
our study, there were nine patients in the RT 
non-responsive subgroup, 17 in the local 
recurrence subgroup and 22 in the distant 
metastasis subgroup. One patient experienced 
distant metastasis during RT and their tumor 
did not respond to RT until death; consequently, 
we decided that this patient belonged not only 
to the RT non-responsive subgroup but also to 
the distant metastasis subgroup. Three 
patients experienced distant metastasis after 
RT, but their PFS was >36 months. Thus, these 
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patients were classified in the radiation-sen- 
sitive group.

All patients were treated with EBRT and high-
dose rate (HDR) intracavitary BRT after con- 
sultation with a radiation oncologist. HDR 
brachytherapy was initiated at 3-4 weeks after 
the commencement of EBRT. The median total 
dose at point A was 90 Gy (range, 66-102 Gy). 
The median dose of EBRT at point A was 46 Gy 
(range, 30-52 Gy). The median dose of HDR 
BRT at point A was 42 Gy (range, 20-54 Gy). 

Immunohistochemistry 

For immunohistochemical detection of CD147 
and GLUT-1, a 4-μm tissue section was depa- 
raffinized in xylene followed by microwave 
treatment (CD147 for 20 min, GLUT-1 for 10 
min at moderate heating) in 0.01 M citrate 
buffer (pH 6.0). After cooling for 30 min and 
washing in PBS, endogenous peroxidase was 

blocked with 3% hydrogen peroxide for 30 min, 
followed by incubation with PBS containing 
10% normal goat serum for 30 min. Specimens 
were incubated overnight at 4°C with anti-
CD147 (abcam ab666, 1:100) and anti-GLUT-1 
(abcam ab652, 1:200) antibodies. Detection of 
immunostaining was performed using the 
ChemMate kit (Dako, Glostrup, Denmark) and 
3,3-diaminobenzidine as the chromogene. For 
the negative control, the primary antibody was 
replaced by non-immune isotypic antibodies.

Evaluation of staining

The staining was viewed separately by two 
pathologists without prior knowledge of the 
clinical or clinicopathological statuses of the 
cases. The expression of CD147 and GLUT-1 
was evaluated by scanning the entire tissue 
specimen under low-power magnification (×40), 
and then confirmed under high-power magnifi- 
cation (×400). An immunoreactivity score sys- 

Table 1. Patient characteristics

Parameters Patients 
(n=132)

Radiation sensitivity
p-valueradiation-resistant group radiation-sensitive group

(n=47) (n=85)
Age 0.5591

    >50 years 49 19 30
    ≥50 years 83 28 55
FIGO stage 0.0041

    I+II 70 17 53
    III+IVa 62 30 32
Histopathological grade 0.0142

    High 10 0 10
    Middle+Low 114+8 47 75
Tumor diameter <0.0011

    ≤4 cm 79 16 63
    >4 cm 53 31 22
Combined chemotherapy (platinum-based) 0.4261

    Yes 106 36 70
    No 26 11 15
Histological type (SCC) 132 47 85
Total dose at point A 
    median dose (range) (Gy) 92 (67-102) 89 (66-102) 0.5853

EBRT dose of point A 
    median dose (range) (Gy) 48 (30-52) 46 (36-50) 0.5183

Brachytherapy dose at point A 
    median dose (range) (Gy) 46 (21-54) 42 (20-54) 0.3873

1p value was estimated by chi-square test. 2p value was estimated by Fisher’s exact test. 3p value was estimated by t-test. FIGO 
= International Federation of Gynecology and Obstetrics; SCC = Squamous Cell Carcinoma; Gy = gray unit; EBRT = external beam 
radiation therapy.
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analyzed using the chi-square test and Fisher’s 
exact test. Patients who survived until the end 
of the observation period were censored at 
their last follow-up visit. Patients who died 
because of causes other than cervical cancer 
were censored at their date of death. Survival 
curves were calculated using Kaplan–Meier 
estimates, and differences between groups 
were tested by log-rank test. Univariate and 
multivariate survival analyses were performed 
according to the Cox proportional hazards 
model. CD147 expression alone (high vs low), 
GLUT-1 expression alone (high vs low), CD147 
and GLUT-1 dual high expression (yes vs no), 
age (≥50 y vs <50 y), FIGO stage (III+IVa vs 
Ib+II), histopathological grade (middle + low vs 
high), and tumor diameter (>4 cm vs ≤4 cm) 
were included in the regression model. For all 
statistical tests, P≤0.05 was considered 
significant [64].

tem was applied as follows: (1) number of 
positive stained cell ≤5% scored 0; 6-25% 
scored 1; 26-50% scored 2; 51-75% scored 3; 
>75% scored 4, (2) intensity of stain: colorless 
scored 0; weak (pallide-flavens) scored 1; 
moderate (yellow) scored 2; strong (brown) 
scored 3. Multiply (1) and (2). The staining score 
was stratified as - (0 score, absent), + (1-4 
score, weak), ++ (5-8 score, moderate) and 
+++ (9-12 score, strong) according to the 
proportion and intensity of positively-stained 
cancer cells. Furthermore, - and + was consi- 
dered as low expression. ++ and +++ was 
considered as high expression. Specimens 
were rescored if the differences in the scores 
from two pathologists was more than 3 [63].

Statistical analysis

Associations between CD147 and GLUT-1 
expression and clinicopathological factors were 

Figure 1. Representative examples of CD147 and GLUT-1 staining of tumor in the radiation-resistant group and 
radiation-sensitive group. A: Strong positive staining of CD147 in the radiation-resistant group; B: Weak positive 
staining of CD147 in the radiation-sensitive group; C: Strong positive staining of GLUT-1 in the radiation-resistant 
group; D: Weak positive staining of GLUT-1 in the radiation-sensitive group. The bar size is the same for all the fig-
ures. Original magnification ×400.
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an the radiation-sensitive group (Figure 1A vs 
1B). The low and high expression of CD147 was 
38.6% (51/132) and 61.4% (81/132), respec- 
tively (Table 2). Significant associations were 
observed between CD147 expression and 
histopathological grade (P=0.013) and tumor 
diameter (P=0.046), but there was no significant 
association between CD147 expression and 
patient age or FIGO stage. 

GLUT-1 was also located at cervical carcinoma 
cell membranes and staining was also much 
stronger in the radiation-resistant group than 
the radiation-sensitive group (Figure 1C vs 1D). 
The low and high expression of GLUT-1 was 
34.1% (45/132) and 65.9% (87/132), respec- 
tively (Table 2). No significant association was 
observed between GLUT-1 expression and pa- 
tient age, FIGO stage, histopathological grade, 
or tumor diameter.

Results

Clinical and histopathological characteristics 
of LACSCC cases 

The clinical and histopathological characte- 
ristics of the patients enrolled in the study are 
detailed in Table 1. There were 132 LACSCCs 
(47 in the radiation-resistant group and 85 in 
the radiation-sensitive group). There were 
significant differences in tumor diameter, FIGO 
stage and histological grading between the 
radiation-resistant group and the radiation-
sensitive group (P<0.001, P=0.004 and P= 
0.014, respectively), but no significant differen- 
ces in patient age, combined chemoradiotherapy 
(platinum-based), total dose at point A, EBRT 
dose at point A and BRT dose at point A between 
the two groups.

Table 2. Correlation between CD147 and GLUT-1 expression and clinicopathological parameters for 
LACSCC

Parameters Patients 
(n=132)

CD147 expression

p-value

GLUT-1 expression

p-value

CD147 and 
GLUT-1 dual 

high expression
p-valuelow ex-

pression
high ex-
pression

low ex-
pression

high ex-
pression Yes No

n=51 n=81 n=45 n=87 n=70 n=62
Age 0.4441 0.7891 0.9961

    <50 years 49 21 28 16 33 26 23
    ≥50 years 83 30 53 29 54 44 39
FIGO stage 0.4841 0.6761 0.2751

    Ib+II 70 29 41 25 45 34 36
    III+IVa 62 22 40 20 42 36 26
Histopathological grade 0.0132 0.7342 0.0452

    High 10 8 2 4 6 2 8
    Middle+Low 122 43 79 41 81 68 54
Tumor diameter 0.0461 0.0581 0.0361

    ≤4 cm 79 36 43 32 47 36 43
    >4 cm 53 15 38 13 40 34 19
1p value was estimated by chi-square test. 2p value was estimated by Fisher’s exact test. LACSCC = Locally advanced cervical squamous cell 
carcinoma.

Table 3. Expression of CD147 and GLUT-1 in LACSCC patients
GLUT-1

Low expression (n=45) High expression (n=87)
CD147
    Low expression (n=51) 34 17
    High expression (n=81) 11 70

r=0.545 
p<0.001 

p value was estimated by spearman-test.

CD147 and GLUT-
1 expression and 
their association with 
clinicopathological 
parameters

CD147 was located at the 
membranes of cervical car- 
cinoma cells and staining 
was much stronger in the 
radiation-resistant group th- 
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SCC patients are summarized in Table 4. In the 
radiation-resistant group, the proportion of 
patients with low expression of CD147 was 
8.5% (4/47) and the proportion with high 
expression was 91.5% (43/47). In the radiation-
sensitive group, the proportion of patients with 
low CD147 expression was 55.3% (47/85) and 
the proportion with high expression was 44.7% 
(38/85). We compared the proportion of 
patients with high CD147 expression between 
the radiation-resistant and radiation-sensitive 
groups; the statistical difference was significant 
(P<0.001). The radiation-resistant group was 
subdivided into three subgroups in accordance 
with the patient clinical information. The pro- 
portion of patients with high CD147 expression 
in the RT non-responsive subgroup, the local 
recurrence subgroup and the distant metastasis 
subgroup was 100% (9/9), 88.2% (15/17), and 
90.9% (20/22), respectively. The difference in 
the level of CD147 expression was also sig- 
nificant (RT non-responsive subgroup vs. radia- 
tion-sensitive group, P=0.003; local recurrence 
subgroup vs. radiation-sensitive group, P= 
0.001; distant metastasis subgroup vs. radia- 
tion-sensitive group, P<0.001).

The results of GLUT-1 expression assessed 
using immunohistochemistry in the 132 LAC- 
SCC patients are summarized in Table 4. In the 
radiation-resistant group, the proportion of 
patients with low GLUT-1 expression was 10.6% 
(5/47) and the proportion with high expression 
was 89.4% (42/47). In the radiation-sensitive 

In the LACSCC patients, the proportion with low 
expression of CD147 and/or GLUT-1 and high 
expression of both CD147 and GLUT-1 was 
47.0% (62/132) and 53.0% (70/132), respec- 
tively (Table 2). Significant association was 
observed between CD147 and GLUT-1 co-ex- 
pression and histopathological grade (P= 
0.045), and tumor diameter (P=0.036), but 
there was no significant association between 
CD147 and GLUT-1 co-expression and patient 
age or FIGO stage.

Relationship between expression of CD147 
and GLUT-1 

In total, there were 132 qualified patients in 
whom evaluation of CD147 and GLUT-1 expre- 
ssion could be carried out using immunostaining. 
Each marker was classified as low or high in the 
two types according to the degree of immuno- 
histochemical staining (Table 3). Among the 81 
CD147 high expression cases, 86.4% (70/81) 
also showed high GLUT-1 expression. In con- 
trast, in the 51 CD147 low expression cases, 
only 33.3% (17/51) showed high GLUT-1 
expression. A significant positive correlation 
was observed between CD147 and GLUT-1 
expression (r=0.545, P<0.001). 

CD147 and GLUT-1 expression and response 
to radiotherapy

The results of CD147 expression assessed 
using immunohistochemistry in the 132 LAC- 

Table 4. Relationship between CD147 and GLUT-1 expression and response to radiotherapy

Parameters Patients 
(n=132)

CD147 expression  GLUT-1 expression
CD147 and 

GLUT-1 dual high 
expression

low ex-
pression

high ex-
pression p-value low ex-

pression
high ex-
pression p-value Yes No p-value 

Radiation sensitivity <0.0011 <0.0011 <0.0011

    radiation-resistant group 47 4 43 5 42 39 8
    radiation-sensitive group 85 47 38 40 45 31 54
RT non-response 0.0032 0.0092 <0.0012

    RT non-responsive subgroup 9 0 9 0 9 9 0
    radiation-sensitive group 85 47 38 40 45 31 54
local recurrence 0.0011 0.0071 0.0011

    local recurrence subgroup 17 2 15 2 15 14 3
    radiation-sensitive group 85 47 38 40 45 31 54
distant metastasis <0.0011 0.0041 0.0011

    distant metastasis subgroup 22 2 20 3 19 17 5
    radiation-sensitive group 85 47 38 40 45 31 54
1p value was estimated by chi-square test. 2p value was estimated by Fisher’s exact test. RT = Radiation therapy.
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The results of the immunohistochemical 
evaluation of the co-expression of CD147 and 
GLUT-1 in the 132 LACSCC patients are 
summarized in Table 4. In the radiation-
resistant group (47 patients), there was high 
expression of both CD147 and GLUT-1 in 39 
(83.0%) patients and low expression of CD147 
and/or GLUT-1 in 8 (17.0%) patients. In the 
radiation-sensitive group, there was high 
expression of both CD147 and GLUT-1 in 31 
(36.5%) patients and low expression of CD147 
and/or GLUT-1 in 54 (63.5%) patients. We 
compared the high expression of both CD147 
and GLUT-1 between radiation-resistant and 
radiation-sensitive groups.The proportion of 
patients with high expression of both CD147 
and GLUT-1 in the RT non-responsive subgroup, 
the local recurrence subgroup and the distant 
metastasis subgroup was 100% (9/9), 82.4% 

group, the proportion of patients with low GLUT-
1 expression was 47.1% (40/85) and the 
proportion with high expression was 52.9% 
(45/85). We compared the proportion of 
patients with high GLUT-1 expression between 
the radiation-resistant and radiation-sensitive 
groups; the statistical difference was significant 
(P<0.001). The proportion of patients with high 
GLUT-1 expression in the RT non-responsive 
subgroup, the local recurrence subgroup and 
the distant metastasis subgroup was 100% 
(9/9), 88.2% (15/17), and 86.4% (19/22), 
respectively. The difference in the level of GLUT-
1 expression was also significant (RT non-
responsive subgroup vs. radiation-sensitive 
group, P=0.009; local recurrence subgroup vs. 
radiation-sensitive group, P=0.007; distant 
metastasis subgroup vs. radiation-sensitive 
group, P=0.004).

Figure 2. Kaplan–Meier survival curves according to CD147 and GLUT1 protein expression status for LACSCC pa-
tients. A: The 5-year progression-free survival (PFS) rates were 87.10% and 52.78% in patients with low CD147 
expression (n=51) and high CD147 expression (n=81), respectively. There was a significant difference in the overall 
survival rate between the two groups (p<0.001). B: The 5-year PFS rates were 85.82% and 55.94% in patients with 
low GLUT-1 expression (n=45) and high GLUT-1 expression (n=87), respectively. There was a significant difference 
in the overall survival rate between the two groups (p<0.001). C: The 5-year PFS rates were 82.90% and 50.82% 
in patients that showed CD147 and/or GLUT-1 low expression (n=62) and CD147 and GLUT-1 dual high expres-
sion (n=70), respectively. There was a significant difference in the overall survival rate between the two groups 
(p<0.001). D: The 5-year PFS rate was 66.79% in all of the 132 patients with LACSCC.
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When the patient cohort was stratified 
according to co-expression of CD147 and GLUT-
1, the 5-year PFS rates were 82.90% and 
50.82% in patients that showed low expression 
of CD147 and/or GLUT-1 (n=62) and high 
expression of both CD147 and GLUT-1 (n=70), 
respectively. It was noteworthy that patients 
who had tumors with high expression of both 
CD147 and GLUT-1 had a worse prognosis than 
patients with tumors with low expression of 
CD147 and/or GLUT-1 (Kaplan–Meier analysis; 
log-rank test; P<0.001; Figure 2C). The 5-year 
PFS rate for all 132 patients was 66.79% 
(Figure 2D).

Univariate Cox regression analysis indicated 
that CD147 alone [hazard ratio (95% CI), 5.122 
(2.563, 12.777); P<0.001], GLUT-1 alone 
[hazard ratio (95% CI), 4.254 (1.910, 9.477); 
P<0.001], CD147 and GLUT-1 co-expression 
[hazard ratio (95% CI), 4.639 (2.365, 9.098); 
P<0.001], FIGO stage [Hazard ratio (95% CI), 
2.610 (1.453, 4.689); P=0.001] and tumor 
diameter [Hazard ratio (95% CI), 3.366 (1.885, 
6.012); P<0.001] were prognostic predictors of 
progression-free survival in patients with 
cervical SCC (Table 5). 

(14/17), and 77.3% (17/22), respectively. The 
difference in the co-expression of CD147 and 
GLUT-1 was also significant (RT non-responsive 
subgroup vs. radiation-sensitive group, P< 
0.001; local recurrence subgroup vs. radiation-
sensitive group, P=0.001; distant metastasis 
subgroup vs. radiation-sensitive group, P= 
0.001).

CD147 and GLUT-1 expression and survival

When the patient cohort was stratified accor- 
ding to tumor expression of CD147, the 5-year 
PFS rates in patients with low CD147 expression 
(n=51) and high CD147 expression (n=81) were 
87.10% and 52.78%, respectively; Kaplan–
Meier analysis (log-rank test) revealed a 
significant difference between the two groups 
(P<0.001; Figure 2A).

With respect to GLUT-1 expression, the 5-year 
PFS rates in patients with low GLUT-1 expression 
(n=45) and high GLUT-1 expression (n=87) 
were 85.82% and 55.94%, respectively; Ka- 
plan–Meier analysis (log-rank test) revealed a 
significant difference between the two groups 
(P<0.001; Figure 2B).

Table 5. Univariate and multivariate COX regression analysis of the relationships between clinicopatho-
logical outcomes in LACSCC patients
Variable Subset Hazard radio (95% CI) p-value
Univariate analysis (n=132)
    CD147 expression alone high vs. low 5.122 (2.563, 12.777) <0.001
    GLUT-1 expression alone high vs. low 4.254 (1.910, 9.477) <0.001
    CD147 AND GLUT-1 expression CD147 and GLUT-1 dual high 

vs. CD147 and/or GLUT-1 low
4.639 (2.365, 9.098) <0.001

    Age ≥50 years vs. <50 years 0.872
    FIGO stage III+IVa vs. Ib+II 2.610 (1.453, 4.689) 0.001
    Histopathological grade low+middle vs. high 0.067
    Tumor diameter >4 cm vs. ≤4 cm 3.366 (1.885, 6.012) <0.001
    Combined chemotherapy (platinum-based) yes vs. no 0.446
Multivariate analyses (n=132)
    CD147 expression alone high vs. low 0.092
    GLUT-1 expression alone high vs. low 0.303
    CD147 AND GLUT-1 expression CD147 and GLUT-1 dual high 

vs. CD147 and/or GLUT-1 low
4.114 (2.081, 8.134) <0.001

    Age ≥50 years vs. <50 years 0.245
    FIGO stage III+IVa vs. Ib+II 2.657 (1.462, 4.831) 0.001
    Histopathological grade Low+Middle vs. high 0.057
    Tumor diameter >4 cm vs. ≤4 cm 2.851 (1.583, 5.135) <0.001
    Combined chemotherapy (platinum-based) yes vs. no 0.375
CI = confidence interval.
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[71], oral squamous cell carcinoma [72], mela- 
noma [73] and nasopharyngeal carcinoma [74]. 
Third, from our study, we found the PFS of 
patients with low CD147 expression was much 
longer than those with high CD147 expression, 
and CD147 overexpression can be considered 
a significant predictor of poor tumor-specific 
survival by Kaplan–Meier and log-rank tests. 
Although CD147 overexpression was one of the 
strong prognostic factors for poor outcome in 
univariate COX regression analysis, the import- 
ance was not significant in multivariate COX 
regression analysis. Similar studies in breast 
cancer, esophageal squamous cell carcinoma, 
and ovarian serous cancers have shown that 
CD147 expression seems to correlate with poor 
prognosis, but it cannot be viewed as an 
independent prognostic factor [49]. Besides 
these studies, Tian and coworkers showed that 
CD147 was an independent negative prognostic 
factor for patients with astrocytic glioma [63].

In our study, we observed a tight relationship 
between CD147 expression and radioresistance 
in patients with LACSCC. However, the mecha- 
nism underlying this observation is not known. 
Ju made similar discoveries in patients with 
cervical carcinoma [49]. Although the experi- 
mental design had some differences compared 
with our experiments, we both presumed that 
CD147 played an important role in radioresis- 
tance. Referring to the possible mechanism, Ju 
postulated that this might be attributed to the 
known function of CD147, such as stimulating 
the mitogen-activated protein kinase pathway 
and conferring resistance to anoikis [49], but 
they did not undertake further experiments. In 
our opinion, CD147, which plays important roles 
in tumor invasiveness, metastasis, cellular pro- 
liferation, VEGF production, tumor cell glycoly- 
sis, and multi-drug resistance, needs to interact 
with other molecules to produce a marked 
biological effect. For example, CAV-1 and CD- 
147 co-expression is an independent prognos- 
tic factor while CAV-1 expression alone or 
CD147 expression alone are not independent 
prognostic factors for nasopharyngeal carcino- 
ma patients by multivariate analysis [74]. As 
CD147 protein levels are upregulated by CAV-1 
overexpression, this can promote secretion of 
active MMP-3 and MMP-11 protein so as to 
increase the cancer cell migratory ability. In 
another report, co-expression of CD147 with 
MCT1 was significantly associated with lymph-
node metastasis while single expression of 

Multivariate Cox regression analysis indicated 
that CD147 alone and GLUT-1 alone were not 
informative independent prognostic factors in 
this group of patients with LACSCC (CD147 
alone, P=0.092; GLUT-1 alone, P=0.303). How- 
ever, CD147 and GLUT-1 co-expression had 
significant, independent negative predictive 
value for progression-free survival in patients 
with LACSCC [Hazard ratio (95% CI), 4.114 
(2.081, 8.134); P<0.001]. In addition, FIGO 
stage and tumor diameter were also indepen- 
dent negative prognosis predictors in patients 
with cervical SCC [Hazard ratio (95% CI), 2.657 
(1.462, 4.831), 2.851 (1.583, 5.135); P=0.001 
and P<0.001, respectively] (Table 5).

Discussion

First, we observed that CD147 expression was 
associated with histopathological grade and 
tumor diameter, but not with other clinicopath- 
ological factors in our study. CD147 expression 
in breast carcinomas was associated with risk 
factors such as poor histological grade, nega- 
tive hormone status, mitotic index, and tumor 
size [65]. Higher CD147 immunostaining scores 
in hepatocellular carcinomas correlate signifi- 
cantly with tumor grading and tumor-node-
metastasis stage [66]. In gastric carcinoma, 
CD147 expression was positively correlated 
with tumor size, depth of invasion, and lympha- 
tic invasion, but not with lymph node metastasis, 
stage, or differentiation [67]. However, CD147 
protein expression patterns within esophageal 
squamous cell carcinoma and dysplastic le- 
sions were not associated with any of these 
clinicopathological factors [68]. These discre- 
pancies suggest that there are different 
regulatory mechanisms of CD147 expression in 
cells of different origin. Second, CD147 overex- 
pression was shown to be associated with 
radioresistance in LACSCC in our study. Even 
when the radiation-resistant group was divided 
into three subgroups (the RT non-responsive 
subgroup, local recurrence subgroup, and dis- 
tant metastasis subgroup), CD147 overexpre- 
ssion was associated with the response to ra- 
diotherapy in each subgroup. This result sug- 
gested that CD147 overexpression in cervical 
cancer was associated with tumor invasion and 
metastasis and played a central role in radio- 
resistance [49]. Moreover, our discovery was 
consistent with the previous reports of the 
roles of CD147 in tumor progression, including 
ovarian tumors [69], gliomas [70], hepatoma 
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with high GLUT-1 expression being associated 
with poor survival.

Although the association between GLUT-1 
expression and radioresistance has not previ- 
ously been established at the clinical level in 
LACSCC, there had been another study of GLUT-
1 expression in oral squamous cell carcinomas 
(OSCC) treated with radiotherapy at the clinical 
level [55]. In this study, Kunkel and coworkers 
determined GLUT-1 expression by immunohis- 
tochemistry in 40 pretreatment OSCC biopsies 
categorized by radiation response through 
histopathology of the resection specimens, and 
indicated that pretreatment GLUT-1 expression 
in the tumor is a marker of radioresistance in 
OSCC, with high expression being associated 
with poor radiation response and shorter sur- 
vival. In vitro experiments and tumor xenograft 
studies reported by Pedersen and coworkers 
argue that GLUT-1 expression plays a hypoxia-
independent role in the modulation of radiation 
susceptibility and demonstrated a linkage be- 
tween GLUT-1 expression and radiation resis- 
tance in two cell sublines (CPH-54A and CPH-
54B) derived from a single small cell carcinoma 
of the lung [62]. All these studies provided 
support for the hypothesis that the function of 
GLUT-1 directly affected cancer cellular radio- 
sensitivity.

In addition, we observed that the relationship 
between CD147 expression and GLUT-1 expre- 
ssion was significant. Taking a step further, we 
found that overexpression of both CD147 and 
GLUT-1 was inversely correlated with radiation 
response and, most importantly, it was predic- 
tive of clinical outcome in both univariate and 
multivariate survival analyses, with overexpre- 
ssion of both CD147 and GLUT-1 being asso- 
ciated with poor survival. Thus, overexpression 
of both CD147 and GLUT-1 but not CD147 or 
GLUT-1 alone was a significant predictor of poor 
tumor-specific survival and an independent 
negative prognostic factor for patients with 
LACSCC. Interestingly, the interaction of CD147 
and GLUT-1 seemed to play a more important 
role in the radioresistance process than CD147 
or GLUT-1 alone. We identified that co-expre- 
ssion of CD147 and GLUT-1 upregulated the 
glycolysis rate more markedly so as to enhance 
the radioresistance of LACSCC. It will be abso- 
lutely necessary to study the relationship bet- 
ween CD147 and GLUT-1 and the radioresis- 
tance mechanism through cytobiology and 
nude mouse xenograft experiments.

CD147 or MCT1 was not correlated with migra- 
tion in cervical adenocarcinomas [75]. The 
CD147/MCT complex can promote glycolysis in 
tumor cells, which increases the invasive ability 
of cancer cells. Therefore, the interaction of 
two molecules is more important than only one 
molecule alone for some biological effects. 
Considering the relationship between CD147, 
glycolysis and glucose transport as the first 
step of glycolysis, which is mainly mediated by 
GLUT-1 as described before, we detected the 
expression of GLUT-1 to study whether co-ex- 
pression of CD147 with GLUT-1 can increase 
radioresistance in LACSCC. To our knowledge, 
this is the first study that has investigated the 
co-expression of CD147 with GLUT-1 and its 
significance in radiotherapy outcome.

GLUT-1 is a member of the GLUT family and is 
responsible for basal glucose transport across 
the plasma membrane into the cytosol in many 
cancer cells, which is a rate-limiting step in 
glucose metabolism [76]. Liu demonstrated 
that the application of antisense oligodeoxy- 
nucleotide can downregulate the expression of 
GLUT-1 mRNA and protein, and inhibit glucose 
uptake and glycolysis partially in HepG-2 cells 
[77]. Therefore, the function of GLUT-1 is critical 
for glycolysis. This transporter is overexpressed 
in many tumors, including hepatic, pancreatic, 
breast, esophageal, brain, renal, lung, cutane- 
ous, colorectal, endometrial, ovarian, and cervi- 
cal cancers [78]. Several studies have shown a 
close relationship between GLUT-1 expression, 
tumor development, and unfavorable prognosis 
of several tumors including oral squamous cell 
carcinoma, prostate carcinoma, bone and soft-
tissue sarcomas and epithelial ovarian tumors 
[79]. Our outcomes were similar to these stu- 
dies. In our study, GLUT-1 expression seemed 
to be associated with tumor diameter while the 
difference was not significant (P=0.58) and 
was not associated with any other clinicopath- 
ological factors. However, GLUT-1 expression 
levels were inversely correlated with radiation 
response and the difference was also significant 
when the radiation-resistant group was divided 
into three subgroups. Most importantly, the 
PFS of patients with low GLUT-1 expression was 
much longer than those with high expression, 
and GLUT-1 overexpression can be considered 
as a significant predictor of poor tumor-specific 
survival by Kaplan–Meier and log-rank tests. It 
was predictive of the clinical outcome in uni- 
variate but not in multivariate survival analyses, 
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glycolysis can supply sufficient material to 
synthesis biomass such as nucleotides, amino 
acids and lipids that are essential for tumor cell 
growth and proliferation [83]. The aerobic glyco- 
lysis generates only two ATP molecules per 
molecule of glucose, whereas oxidative phos- 
phorylation generates up to 36 ATP molecules 
upon complete oxidation of one glucose mole- 
cule [84]. However, the tumor cells are exposed 
to a continuous supply of glucose in circulating 
blood and the ATP generated by aerobic glyco- 
lysis is abundant for its requirement. Therefore, 
the tumor cells switch to this less efficient 
aerobic glycolysis to satisfy the anabolic meta- 
bolism [83]. All these advantages support the 
idea that aerobic glycolysis enable cancer cells 
to acquire more radioresistance potentiality.

The present retrospective study had a limita- 
tion. Although the most significant change in 
the standard radiation treatment for cervical 
cancer has been the use of cisplatin-containing 
concurrent chemotherapy in combination with 
RT for patients with locoregionally advanced 
disease (which has demonstrated a marked 
improvement in survival) [2-4], we found that 
this platinum-containing chemotherapy regi- 
men did not influence patient survival. A 
possible reason for this was that we did not 
take into consideration in detail the types of 
platinum drugs used, other combined chemo- 
therapy drugs, the frequency of chemotherapy, 
and the sequence of chemotherapy and RT. 
The number of patients who received this 
platinum-containing chemotherapy was not 
statistically different among the radiation-
sensitive group and the radiation-resistant 
group; thus, its influence may have been 
equivalent among the two groups, despite the 
chemotherapy having some influence on 
radiosensitivity, and did not affect outcomes in 
our study. Similar conclusions were reached by 
Kim and coworkers in their studies [5, 85]. 

In summary, although the glycolytic rate was 
suppressed and the glucose transport was also 
markedly decreased after CD147 suppression 
by siRNA or some inhibitors, we did not find 
direct evidence to demonstrate the interaction 
of CD147 and GLUT-1. However, our data 
showed co-expression of CD147 and GLUT-1 
was clearly connected with radioresistance and 
was an independent negative prognostic factor 
for patients with LACSCC at the clinical level. 
Therefore, co-expression of CD147 and GLUT-1 

As described by Warburg more than 50 years 
ago, tumor cells maintain a high glycolytic rate 
even in conditions of adequate oxygen supply 
[80], and the glycolytic phenotype in malig- 
nancies tightly correlates with radioresistance 
[30, 31, 81]. They showed that the concentration 
of lactate, which is a product of glycolysis, 
correlates with tumor response after fraction- 
ated irradiation in Head and neck squamous 
cell carcinoma (HNSCC) xenografts. We conclu- 
ded that glycolysis enhanced radioresistance 
via three mechanisms. First, when ionizing 
radiation is absorbed in tissue, free radicals 
and ROS are produced as a result of ionization 
either directly in the DNA molecule itself or 
indirectly in other cellular molecules, primarily 
water (H2O). Both the free radicals and ROS can 
break chemical bonds and initiate the chain of 
events resulting in DNA damage. Apart from the 
hypoxia protective mechanism, tumor cells 
counter the direct and indirect action of radio- 
therapy by upregulation of their endogenous 
antioxidant capacity through accumulation of 
pyruvate, lactate, and the redox couples 
glutathione/glutathione disulfide and NAD(P)H/
NAD(P)+. These molecules, which are products 
of glucose metabolism, constitute an intrace- 
llular redox buffer network that effectively 
scavenges free radicals and ROS [81]. This 
redox adaptation is an important mechanistic 
concept that explains why cancer cells become 
resistant to radiotherapy [33]. Second, glycoly- 
sis can supply ATP for the physiological func- 
tions of cancer cells. Tumor cells require a vast 
vasculature system for their supply of nutrients 
and oxygen, but oxygen cannot diffuse further 
than approximately 150 μm through tissues. As 
tumor growth outstrips its vasculature, the 
cells become hypoxic [82]. Because of their 
inherently hypoxic environment, cancer cells 
often resort to glycolysis, or the anaerobic 
breakdown of glucose to form ATP to provide for 
their energy needs [79]. Liu and coworkers 
showed inhibition of GLUT-1 decreases ATP 
levels resulting in reduced cancer cell viability 
in vitro, which inhibits tumor growth in in vivo 
tumor models. Addition of ATP rescues GLUT-1-
inhibited cancer cells, suggesting that glycolysis 
inhibition has an anticancer effect partially 
through ATP depletion [36]. Other preclinical 
studies that blocked tumor glucose metabolism 
at several levels have been shown to decrease 
the ATP level and to radiosensitize different 
solid tumors [81]. Third, products of aerobic 
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[6] Karar J and Maity A. Modulating the tumor 
microenvironment to increase radiation res- 
ponsiveness. Cancer Biol Ther 2009; 8: 1994-
2001.

[7] Wouters A, Pauwels B, Lardon F and Vermorken 
JB. Review: implications of in vitro research on 
the effect of radiotherapy and chemotherapy 
under hypoxic conditions. Oncologist 2007; 
12: 690-712.

[8] Rockwell S, Dobrucki IT, Kim EY, Marrison ST 
and Vu VT. Hypoxia and radiation therapy: past 
history, ongoing research, and future promise. 
Curr Mol Med 2009; 9: 442-458.

[9] Sheehan JP, Shaffrey ME, Gupta B, Larner J, 
Rich JN and Park DM. Improving the radiosen- 
sitivity of radioresistant and hypoxic glioblas- 
toma. Future Oncol 2010; 6: 1591-1601.

[10] Cohen-Jonathan Moyal E. [Angiogenic inhibi- 
tors and radiotherapy: from the concept to the 
clinical trial]. Cancer Radiother 2009; 13: 562-
567.

[11] Dewhirst MW, Cao Y and Moeller B. Cycling 
hypoxia and free radicals regulate angiogenesis 
and radiotherapy response. Nat Rev Cancer 
2008; 8: 425-437.

[12] Shimura T, Kakuda S, Ochiai Y, Nakagawa H, 
Kuwahara Y, Takai Y, Kobayashi J, Komatsu K 
and Fukumoto M. Acquired radioresistance of 
human tumor cells by DNA-PK/AKT/GSK3beta-
mediated cyclin D1 overexpression. Oncogene 
2010; 29: 4826-4837.

[13] Ozeki M, Tamae D, Hou DX, Wang T, Lebon T, 
Spitz DR and Li JJ. Response of cyclin B1 to 
ionizing radiation: regulation by NF-kappaB 
and mitochondrial antioxidant enzyme MnSOD. 
Anticancer Res 2004; 24: 2657-2663.

[14] He J, Li J, Ye C, Zhou L, Zhu J, Wang J, Mizota A, 
Furusawa Y and Zhou G. Cell cycle suspension: 
a novel process lurking in G(2) arrest. Cell 
Cycle 2011; 10: 1468-1476.

[15] Parliament MB and Murray D. Single nucleotide 
polymorphisms of DNA repair genes as predic- 
tors of radioresponse. Semin Radiat Oncol 
2010; 20: 232-240.

[16] Smith J, Tho LM, Xu N and Gillespie DA. The 
ATM-Chk2 and ATR-Chk1 pathways in DNA 
damage signaling and cancer. Adv Cancer Res 
2010; 108: 73-112.

[17] Bolderson E, Richard DJ, Zhou BB and Khanna 
KK. Recent advances in cancer therapy tar- 
geting proteins involved in DNA double-strand 
break repair. Clin Cancer Res 2009; 15: 6314-
6320.

[18] Zhang L, Yang M, Bi N, Fang M, Sun T, Ji W, Tan 
W, Zhao L, Yu D, Lin D and Wang L. ATM 
polymorphisms are associated with risk of 
radiation-induced pneumonitis. Int J Radiat 
Oncol Biol Phys 2010; 77: 1360-1368.

[19] Beskow C, Skikuniene J, Holgersson A, Nilsson 
B, Lewensohn R, Kanter L and Viktorsson K. 

can be regarded as both a therapeutic target 
and a prognostic factor, and may suggest a 
novel strategy to study the radiation-resistant 
mechanism. Future studies should investigate 
the interaction of CD147 and GLUT-1 in LACSCC.
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