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High HIF-1α expression predicts poor prognosis  
of patients with colon adenocarcinoma
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Abstract: Hypoxia inducible factor 1 alpha subunit (HIF-1α) is induced in hypoxic conditions and plays a crucial role 
in the neoangiogenesis and metastasis of cancer. In this study, we aimed to evaluate the expression of HIF-1α in co-
lon adenocarcinoma and to explore its clinicopathological characteristics and prognosis. A tissue microarray involv-
ing colon adenocarcinoma tissues and their corresponding paracancerous tissues from 92 patients was utilized to 
detect HIF-1α. The expression of HIF-1α in colon adenocarcinoma tissues was significantly higher than it was in the 
corresponding paracancerous tissues (P < 0.001). Furthermore, similar results were observed in HCT116 and RKO 
human colon adenocarcinoma xenografts in node mice (P < 0.05). Additionally, augmented HIF-1α expression was 
positively associated with TNM stage III-IV (P = 0.025), the presence of distant metastasis and vascular invasion 
(P = 0.048), and the presence of positive lymph nodes (P = 0.041). A Kaplan-Meier survival analysis showed that 
up-regulation of HIF-1α was associated with poor 5-year or 10-year survival (P < 0.05). A multivariable Cox regres-
sion analysis also found HIF-1α was an independent risk factor for poor prognosis in colon adenocarcinoma. Thus, 
targeting HIF-1α might be a viable strategy to treat patients with colon adenocarcinoma.
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Introduction

Every year, more than a million patients are 
diagnosed with colorectal cancer and annual 
mortality due to colorectal cancer is more than 
a half million [1]. Though screening of the dis-
ease has been suggested to improve the out-
come [1, 2], there are still many problems to be 
overcome in order to treat colorectal cancer 
better. One of the obstacles is the metastasis 
of colorectal cancer, which still severely impairs 
the prognosis of these patients [1, 3].

Hypoxia and angiogenesis are closely related to 
cancer metastasis [4-7]. It has been found that 
many factors regulating pathological angiogen-
esis, such as phosducin-like 3, EIF5A2, Beclin 
1, a vascular endothelial growth factor recep-
tor, and so on, could be altered in hypoxia 
[8-10], and these factors could then stimulate 
tumor metastasis. In colorectal cancer, hypoxia 
could facilitate its aggressiveness, leading to 
drug resistance and promoting metastasis, 
which are detrimental to prognosis [11, 12].

Hypoxia inducible factor 1 alpha subunit (HIF-
1α), a factor commonly induced in hypoxic con-
ditions, plays a crucial role in neoangiogenesis 
and metastasis in cancer [13]. Moreover, HIF-
1α influences experimental angiogenesis and 
the metastasis of colorectal cancer cells [11, 
14]. However, clinical data concerning the rela-
tionship between HIF-1α and metastasis as 
well as the prognosis of patients with colorectal 
cancer are still controversial [15-18].

In this study, we aimed to address whether the 
expression of HIF-1α was altered in colon ade-
nocarcinoma. Moreover, its effect on the 
metastasis as well as the prognosis of patients 
with colon adenocarcinoma was also inves- 
tigated.

Materials and methods

Tissue microarray (TMA) and frozen tissues

In the current study, the National Engineering 
Center for Biochip at Shanghai (Shanghai, 
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China) provided colon adenocarcinoma TMA. In 
total, 92 patients who were diagnosed with 
colon cancer and had undergone surgery 
between July 2005 and December 2010 were 
recruited. From these patients, 52 correspond-
ing paracancerous tissues were also collected. 
The clinical and pathological information of the 
participants is shown in Table 1. Follow-up for 
all patients was carried out from the date of 
surgery until September 2015. Additionally, 
colon cancer and the corresponding paracan-
cerous frozen tissues were also collected from 
8 patients diagnosed with colon cancer. Written 
informed consents were received from all the 
patients. The right of privacy for the patients 
was well protected. Ethical approval was also 
obtained from the biobank center related hos-
pitals (the Ethics Committee of Taizhou Hospital 
of Zhejiang Province). All the experiments were 
performed in accordance with relevant guide-
lines and regulations.

China). The mice were housed under a 12 hour 
light/dark cycle, receiving food and water ad 
libitum with a constant temperature and humid-
ity. Briefly, 1 × 107 of human colon cancer cell 
HCT116 was subcutaneously injected into the 
left flank of 6 nude mice, and 1 × 107 of RKO 
was also subcutaneously injected into the left 
flank of another 6 nude mice. After 4 weeks, 
the tumors were aseptically removed, and the 
corresponding colon was also obtained, after 
the mice were sacrificed. A portion of the tis-
sues were fixed in 4% neutral buffered parafor-
maldehyde and embedded with paraffin before 
histopathologic and immunohistochemical exa- 
minations. Other tissues were immediately fro-
zen in liquid nitrogen and stored at -80°C for 
further protein analysis. The animal procedures 
were approved by the Animal Use and Care 
Committee of Sichuan University and were con-
ducted according to the regulations set by 
Sichuan University.

Table 1. Clinicopathological characteristics of 92 colon adenocar-
cinoma cases

Characteristics Number of 
cases

Percentage 
(%)

Total 92 100
    Average years 62.4 ± 11.9
        < 65 50 54.3
        ≥ 65 42 45.7
    Gender
        Male 55 59.8
        Female 37 40.2
    Histologic grade 
        I~II 70 76.1
        II~III 22 23.9
    TNM stage
        I 3 3.3
        II 51 55.4
        III 37 40.2
        IV 1 1.1
    Location (cm)
        Left colon 39 42.4
        Right colon 53 57.6
    Infiltration degree
        Adventitia 64 69.6
        Serosa/muscular/mucosa 28 30.4
    Pathological morphology
        Infiltrate/ulcer type 68 73.9
        Protrude/basin type 24 26.1
Distant metastasis and Vascular invasion 18 19.6
Positive lymph nodes 37 40.2

Cell culture

The 9 human colon cancer  
cell lines were bought from 
the Type Culture Collection  
of the Chinese Academy of 
Sciences (Shanghai, China). 
Caco2, RKO and RKO-E6 were 
cultured with minimum essen-
tial medium (MEM, HyClone, 
Logan, UT, USA) containing 
essential amino acids (Sigma, 
St. Louis, MO, USA) and 10% 
fetal bovine serum (FBS, Gi- 
bco, Logan, UT, USA). HCT116, 
Lovo, SW480 and Colo205 
cells were performed with 
PRMI-1640 (HyClone) contain-
ing 10% FBS. LS174T and 
HT29 cells were cultured with 
Dulbecco’s modified Eagle’s 
medium (DMEM, HyClone) co- 
ntaining 10% FBS. Cells were 
incubated in a humidified at- 
mosphere of 37°C, with 5% 
CO2 in the air.

Human colon cancer xeno-
grafts

Twelve healthy male BAL b/c 
nude mice, weighing 18-22 g, 
were obtained from the Ex- 
perimental Animal Center of 
Sichuan University (Chengdu, 
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Hematoxylin and eosin stain (HE)

TMA sections and sections from the mice were 
routinely deparaffinized in xylene and rehydrat-
ed with a series of ethanol dilutions. Then, HE 
staining was performed according to manufac-
turer’s instructions (Solarbio, Beijing, China).

Immunohistochemistry (IHC)

TMA sections and paraffin-embedded tissues 
from the mice were routinely deparaffinized in 
xylene and rehydrated with a series of ethanol 
dilutions. Heat induced-antigen retrieval was 
performed in a 10 mM sodium citrate buffer for 
30 minutes. Endogenous peroxidase activity 
was blocked by H2O2, and antigen blocking was 
performed with goat serum. The sections were 
incubated with rabbit anti-HIF-1α (1:500, 
Proteintech, Wuhan, China) overnight at 4°C. 
Subsequently, 30 min of incubation with horse-
radish peroxidase-conjugated secondary anti-
body kits (ZSGB Bio, Beijing, China) at room 
temperature was done. Then, the sections were 
stained with a 3, 3’-diaminobenzidine tetrahy-
drochloride solution. Finally, the sections were 
counter-stained with hematoxylin. Negative 
control slides with the primary antibodies omit-
ted were included in all tests.

IHC scoring

Two independent pathologists blinded to the 
clinical and pathologic information assessed 
the abovementioned TMA slides. The expres-
sion of HIF-1α in the tissues was scored semi-
quantitatively, combining the positive percent-
age and the intensity of the stained preparation 
(staining index = positive × intensity score), 
according to previous studies [36]. The positive 
percentage of the stained tumor cells was 
scored as: 0, no staining; 1, < 20%; 2, 20-75%; 
3, > 75%. The intensity of the stained tumor 
cells was graded on the following scale: 0, neg-
ative; 1, weak; 2, moderate; 3, strong staining. 
Based on the staining index, a final total score 
of 0-4 was considered to be low expression of 
HIF-1α, and a total score of 5-9 was defined as 
high expression.

The expressions of the proteins in the paraffin-
embedded tissues from the mice were evalu-
ated according to the integrated optical density 
(IOD) calculated by Image-Pro plus 6.0 software 
(Media Cybernetics, Silver Spring, MD, USA).

Western blot analysis for HIF-1α protein ex-
pression

The extraction of the whole proteins was per-
formed for the cultured cells, frozen human and 
mice colon cancer, and the corresponding para-
cancerous tissues using a protein extraction kit 
(Nanjing Kaiji, Nanjing, China). The same am- 
ount of protein (50 μg) from each sample was 
analyzed by gel electrophoresis and transferred 
respectively to a PVDF membrane (Millipore, 
Billerica, MA, USA). The PVDF membranes were 
treated with 5% non-fat dry milk and then incu-
bated with primary antibodies directed against 
GAPDH (1:5000, Abcam, Cambridge, UK), HIF-
1α (1:2000, Proteintech) at 4°C overnight. After 
washing, the membranes were incubated with 
appropriate horseradish-peroxidase-conjugat-
ed secondary antibodies (1:10000, Santa Cruz) 
for 2 h at 37°C. The bands were then visualized 
with an ECL detection kit (Engreen, Beijing, 
China), determined by Quantity One software 
4.5.0 (Bio-Rad, Hercules, CA, USA), and normal-
ized to GAPDH.

Statistical analysis

Quantitative data were expressed as the mean 
± standard deviation (SD). Student’s t test was 
used for the data analysis. The Kaplan-Meier 
method was utilized to depict survival curves, 
which were compared by the log-rank test. The 
χ2 test was applied to analyze the categorical 
variables. The hazard ratios of overall survival 
were determined by the multivariable Cox pro-
portional hazards regression model. All the 
data were analyzed using SPSS 19.0 software 
(SPSS, Chicago, IL, USA). A p-value of < 0.05 
was considered significant.

Results

Patient characteristics

The clinicopathological characteristics of the 
92 patients with colon adenocarcinoma recruit-
ed in our study are shown in Table 1. Among the 
patients, 55 were males (59.8%) and 37 were 
females (40.2%). The average age was 62.4 ± 
11.9 years old. As for the tumor histological 
grades, 70 cases (76.1%) were in grades I~II, 
and the other 22 cases (23.9%) were in grades 
II~III. In terms of the TNM staging system, 3 
cases (3.3%) were in stage I, 51 (55.4%) in 
stage II, 37 (40.2%) in stage III, and only 1 
(1.1%) in stage IV. Furthermore, 39 cases 
(42.4%) had tumors located at the left colon 
and 53 (57.6%) at the right. An infiltrate/ulcer 
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type of tumor was found in 68 cases (73.9%), 
and the remaining were of the protruded/basin 
type (24 cases, 26.1%). Distant metastasis and 
vascular invasion were identified in 18 patients 
(19.6%). Moreover, positive lymph nodes were 
observed in 37 cases (40.2%).

Up-regulation of HIF-1α in colon adenocarci-
noma

In the TMA slides from the patients with colon 
adenocarcinoma, H&E staining clearly identi-
fied typical colon adenocarcinoma tissues, 
while normal colon structures in the corre-
sponding paracancerous tissues could also be 
observed, highlighting the circular arrangement 
pattern of crypts and epithelial columnar cells 

interspersed by goblet cells within (Figure 1A). 
IHC for HIF-1α was performed, and the positive 
staining was mainly discerned in the nucleus of 
the tumor cells in the colon adenocarcinoma 
tissues (Figure 1B). However, in the corre-
sponding paracancerous tissues, the pattern of 
HIF-1α staining was notably different, with 
weak staining in epithelia and strong staining in 
the immunocytes (Figure 1B). We then evaluat-
ed the staining index in both the colon adeno-
carcinoma tissues and the corresponding para-
cancerous tissues. A significant difference in 
the expressions of HIF-1α between the human 
colon adenocarcinoma tissues and the para-
cancerous tissues was discovered (6.2 ± 1.7 
vs. 4.1 ± 1.7; P < 0.001, Figure 1C). Similarly, 

Figure 1. HIF-1α expression in colon adenocarcinoma tissues and their corresponding paracancerous tissues. 
Representative images for HE and IHC of HIF-1α for colon adenocarcinoma tissues and their corresponding para-
cancerous tissues (A, B); Histological score of HIF-1α in colon adenocarcinoma tissues and their corresponding 
paracancerous tissues (C), N = 52 in each group. Western blot (D) and statistic analysis (E) of HIF-1α in colon ad-
enocarcinoma tissues and their corresponding paracancerous tissues, N = 8 in each group. The group of blots was 
cropped from different gels. *P < 0.05 vs. paracancerous tissues.
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Figure 2. HIF-1α expression in HCT 116 xenograft or RKO xenograft and their corresponding normal colon tissues. Representative images for HE and IHC of HIF-1α 
for HCT 116 xenograft (A, B) or RKO xenograft and their corresponding normal colon tissues (F, G). IOD of HIF-1α in HCT 116 xenograft or RKO xenograft and their 
corresponding normal colon tissues (C, H). Western blot and statistical analysis of HIF-1α in HCT 116 xenograft (D, E) or RKO xenograft (I, J) and their corresponding 
normal colon tissues. N = 6 in each group. The group of blots was cropped from different gels. *P < 0.05 vs. corresponding normal colon.
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the protein levels of HIF-1α quantified by west-
ern blot were also remarkably increased in the 
colon adenocarcinoma tissues compared to 
the corresponding paracancerous tissues (2.02 
± 0.38 vs. 1.00 ± 0.24; P = 0.007, Figure 1D, 
1E).

Coincidently, this result resembled that of 
human colon adenocarcinoma xenografts in 
the node mice (Figure 2). Compared with the 
normal colon tissues of the nude mice, the H&E 
staining of the xenografts from HCT116 and 
RKO was very similar to the colon adenocarci-
noma tissues in humans (Figure 2A and 2F). Fur- 
thermore, the expression of HIF-1α in the xeno-
grafts from HCT116 and RKO was stronger 
compared with the expressions in the normal 
colon tissues of the nude mice as assessed by 
IOD (xenografts from HCT116 and normal 
colon, 2.5 ± 0.4 vs. 1.0 ± 0.2, P < 0.001, Figure 
2B, 2C; xenografts from RKO and normal colon, 
1.9 ± 0.5 vs. 1.0 ± 0.3, P = 0.018, Figure 2G, 
2H). Consistently, the protein levels detected 

were included in the high HIF-1α expression 
group. This indicated that HIF-1α expression 
was related to the TNM stage of colon adeno-
carcinoma. Among the 29 patients in the low 
HIF-1α expression group, 22 (75.9%) were in 
TNM stages I~II, while 7 (24.1%) were in TNM 
stages III~IV. And among the 63 patients within 
the high HIF-1α expression group, 32 (50.8%) 
were in TNM stages I~II, while 31 (49.2%) were 
in TNM stages III~IV, indicating that high HIF-
1α expression might be related to advanced 
TNM stages (P = 0.025). Moreover, distant 
metastasis and vascular invasion were identi-
fied in 16 patients (25.4%) within the high HIF-
1α expression group but in only 2 patients 
(6.9%) in the low HIF-1α expression group, sug-
gesting that HIF-1α expression is significantly 
associated with the possibility of distant 
metastasis and vascular invasion (P = 0.048). 
Moreover, 7 patients (24.1%) in the low HIF-1α 
expression group had positive lymph nodes. In 
contrast, 30 cases (47.6%) in the high HIF-1α 

Table 2. Relationships between HIF-1α expression and clinicopathologi-
cal characteristics in 92 colon adenocarcinoma cases

Characteristics
HIF-1α expression (%)

p value
Low High

Total 29 63
    Average years 61.3 ± 11.2 62.9 ± 12.3
        < 65 17 (58.6) 33 (52.4) 0.655
        ≥ 65 12 (41.4) 30 (47.6)
    Gender
        Male 21 (72.4) 34 (54.0) 0.113
        Female 8 (27.6) 29 (46.0)
    Histologic grade 
        I~II 23 (79.3) 47 (74.6) 0.794
        II~III 6 (20.7) 16 (25.4)
    TNM stage
        I-II 22 (75.9) 32 (50.8) 0.025
        III-IV 7 (24.1) 31 (49.2)
    Location (cm)
        Left colon 11 (37.9) 28 (44.4) 0.652
        Right colon 18 (62.1) 35 (55.6)
    Infiltration degree
        Adventitia 19 (65.5) 45 (71.4) 0.629
        Serosa/muscular/mucosa 10 (34.5) 18 (28.6)
    Pathological morphology
        Infiltrate/ulcer type 20 (69.0) 48 (76.2) 0.458
        Protrude/basin type 9 (31.0) 15 (23.8)
Distant metastasis and Vascular invasion 2 (6.9) 16 (25.4) 0.048
Positive lymph nodes 7 (24.1) 30 (47.6) 0.041

by Western blot showed 
a similar pattern, indicat-
ing that HIF-1α was sub-
stantially increased in 
the colon adenocarcino-
ma tissues compared to 
the normal colon tissues 
in both HCT116 xeno-
grafts (Figure 2D, 2E, 
1.00 ± 0.15 vs. 1.98 ± 
0.34, P = 0.012) and 
RKO xenografts (Figure 
2I, 2J, 1.00 ± 0.19 vs. 
1.65 ± 0.29, P = 0.023).

Correlation of HIF-1α 
expression with progres-
sion in human colon 
adenocarcinoma

To assess whether HIF-
1α expression was asso-
ciated with the clinico-
pathological features in 
colon adenocarcinoma, 
we then divided the 
patients into 2 subgroups 
according to the expres-
sion levels of HIF-1α 
(Table 2). 29 patients 
were included in the low 
HIF-1α expression group, 
while the remaining 63 
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expression group had positive lymph nodes. 
Thus, HIF-1α expression might also be related 
to the possibility of lymphatic metastasis (P = 
0.041). Consistently, the protein levels of HIF-
1α were significantly higher in the metastatic 
CRC cell lines (Colo205 and Lovo) than they 
were in the non-metastatic cell lines (Caco2, 
LS174T, RKO, RKO-E6, SW480, HCT116, HT29; 
P = 0.031, Figure 3A, 3B). However, no signifi-
cant correlation between the expression of HIF-
1α and other clinicopathological factors, such 
as age, gender, histologic grade, tumor loca-
tion, infiltration degree, and pathological mor-
phology, was found (P > 0.05, Table 2).

High expression of HIF-1α was associated with 
poor survival in colon adenocarcinoma

Following the above-mentioned expression lev-
els of HIF-1α, the Kaplan-Meier method was 

with high HIF-1α expression, the survival rate at 
10 years was 57.1%, and their median 10-year 
survival was 74 months. However, for those 
with low HIF-1α expression, the overall 10-year 
survival rate was 79.3%, with a median 10-year 
survival of about 99 months.

HIF-1α is an independent risk factor for the 
prognosis of colon adenocarcinoma

To assess whether HIF-1α is an independent 
risk factor for the prognosis of colon adenocar-
cinoma, we first evaluated whether other fac-
tors were potentially related with survival. 
Indeed, age (< 65 vs. ≥ 65), infiltration degree 
(adventitia vs. Serosa/muscular/mucosa), me- 
tastasis (present vs. absent), positive lymph 
nodes (present vs. absent), and TNM stage (I-II 
vs. III-IV) were significantly associated with the 
survival of these patients (P < 0.05; Figure 5). 

Figure 3. HIF-1α expression in metastatic CRC cell lines and low-metastatic 
cell lines. Western blot (A) and statistic analysis (B) of HIF-1α in metastatic 
CRC cell lines and low-metastatic cell lines, N = 3 in each cell. The group of 
blots was cropped from different gels. *P < 0.05 vs. low-metastatic cell lines.

Figure 4. Associations of the HIF-1α expression and 5-year or 10-year sur-
vival in colon adenocarcinoma tissues. The 5-year survival (A) and 10-year 
survival (B) were better in patients with low HIF-1α expression comparing 
with those with high HIF-1α expression. N = 29 and N = 63 in low HIF-1α 
expression group and high HIF-1α expression group, respectively.

administered to estimate the 
5-year and 10-year survival 
rates (Figure 4).

The overall 5-year survival of 
92 patients with colon cancer 
was 70.7%, and the median 
5-year survival of these pa- 
tients was about 49 months.  
A significant difference was 
observed between HIF-1α ex- 
pression and the 5-year sur-
vival rate (P = 0.026; Figure 
4A). The survival rate of 
patients with high HIF-1α 
expression at 5 years was 
63.5%, and their median 5- 
year survival was 46 months. 
In contrast, the overall 5-year 
survival rate of those with low 
HIF-1α expression was 86.2%, 
with a median 5-year survival 
of about 57 months.

Then, with regard to the 
10-year survival rate, 59 out 
of 92 patients (64.1%) with 
colon cancer were still alive, 
and the median 10-year sur-
vival of the patients was about 
83 months. We also detected 
a significant difference be- 
tween HIF-1α expression and 
the 10-year survival rate (P = 
0.024; Figure 4B). For patients 
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However, no other factors were related with 
survival.

In this case, we further utilized the multivari-
able Cox proportional hazards regression 
model to identify the independent factors 
affecting overall survival. Among the factors, 
we found age > 65 years, the presence of 
metastasis, and high HIF-1α expression were 
independent risk factor for the prognosis of 
colon adenocarcinoma and were significantly 
related with poor overall survival (P = 0.013, P 
= 0.003, P = 0.035, respectively; Table 3; 
Figure 6).

Discussion

The burden brought about by colorectal cancer 
is still heavy worldwide [1, 19]. To cope with it, 
it is critical to identify markers related to metas-
tasis and poor prognosis. HIF-1α was reported 
to promote metastasis in cancer, including 
colorectal cancer [11, 13, 14]. However, clini-
cally speaking, the results are conflicting con-
cerning the association between HIF-1α expres-
sion and metastasis as well as prognosis. 

Some found HIF-1α expression was related 
with tumor stage and metastases [16], but oth-
ers failed to find such results [15, 17]. Thus, in 
this study TMA was applied to further discover 
whether there is an association between HIF-
1α and metastasis as well as prognosis in 
patients with colon adenocarcinoma. We found 
that the expression of HIF-1α in colon adeno-
carcinoma tissues was higher than it was in the 
corresponding paracancerous tissues, and the 
result was also confirmed in human colon ade-
nocarcinoma xenografts in node mice. Further, 
it was also found that high HIF-1α expression 
could predict a higher TNM stage, distant 
metastasis and vascular invasion, and positive 
lymph nodes. Moreover, high HIF-1α expression 
was detrimental to 5-year and 10-year survival 
and was an independent risk factor for poor 
prognosis. These findings provided new insights 
into the role of HIF-1α in colon adenocarcinoma 
and it could potentially work as a biomarker in 
the prediction of metastasis and poor 
prognosis.

HIF-1α is a transcriptional factor which could 
promote tumor progression by regulating the 

Figure 5. Factors significantly re-
lated with poor survival. Age ≥ 65 
(A), adventitia infiltration (B), the 
presence of metastasis (C), posi-
tive lymph nodes (D), and TNM 
stage III-IV (E) were significantly 
associated with the poor survival 
of patients with colon adenocar-
cinoma. N = 92 in each analysis.
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expressions of various hypoxically induced 
genes, whose function is enhanced when cells 
become hypoxic [20]. In our study, we found 
that high HIF-1α expression was predictive of 
higher TNM stages, distant metastasis and 
vascular invasion, and positive lymph nodes. 
These phenomena could be understood since 
increased HIF-1α can promote tumor growth 
and enhance the migration capacity of tumor 
cells by the activation of small GTPases and the 
induction of fibroblast phenotypes [21, 22].

Higher TNM stages, distant metastasis and 
vascular invasion, and positive lymph nodes 
observed in patients with a high HIF-1α expres-
sion was indicative of a more aggressive phe-
notype of colon adenocarcinoma in these pati- 
ents. Thus, it was not surprising that our results 
suggested that augmented HIF-1α could lead 
to poor prognosis independently. This might be at- 
tributed to the effect of HIF-1α on tumor angio-
genesis, which plays a crucial role in the pro-
gression of colon cancer [23]. Multiple proan-
giogenic factors, VEGF for example, could be 
upregulated by HIF-1α [24]. Moreover, it is 

ed with poor prognosis in colorectal cancer, but 
they did not find any relationship between HIF-
1α expression and TNM stage [24]. This dis-
crepancy might be due to their method of scor-
ing HIF-1α expression level. They only judged 
the presence or absence of HIF-1α in cancer 
tissues but in our study, we used a staining 
index as described in our methods section, 
which might be more accurate. Moreover, 
though they also utilized TMA, but they did not 
compare the strength of HIF-1α staining to the 
paracancerous tissues, which might also influ-
ence the accuracy. By comparing the expres-
sion of HIF-1α in TMA (IHC), frozen human colon 
tissues (Western blot), as well as HCT116 and 
RKO xenografts (IHC and Western blot), an 
increased expression of HIF-1α was found in 
colon adenocarcinoma when compared with 
the expression in the corresponding paracan-
cerous tissues. However, some studies failed  
to identify the relationship between HIF-1α 
expression and the prognosis of patients with 
colorectal cancer. For example, Saka et al. did 
not find any associations between HIF-1α and 
clinicopathological characteristics or prognosis 

Table 3. Multivariable Cox regression analysis of overall survival in 92 colon adenocarcinoma cases
Features HR (95% CI) p value
Average years (< 65 vs. ≥ 65) 3.832 1.287-8.370 0.013
TNM stage (I-II vs. III-IV) 1.793 0.624-5.156 0.278
Infiltration degree (Adventitia vs. Serosa/muscular/mucosa) 0.290 0.082-1.032 0.056
Metastasis (No vs. Yes) 3.331 1.498-7.403 0.003
Positive lymph nodes (No vs. Yes) 1.221 0.988-1.509 0.065
HIF-1α expression (High vs. Low) 0.318 0.110-0.921 0.035
HR: hazard ratio; CI: confidence interval.

Figure 6. High HIF-1α expression was an independent risk factor for poor 
prognosis of colon adenocarcinoma. High HIF-1α expression was an inde-
pendent risk factor for the poor prognosis of colon adenocarcinoma (P = 
0.035). Other independent risk factors for poor prognosis included the pres-
ence of metastasis (P = 0.003) and age ≥ 65 (P = 0.013).

known that in xenografts, HIF-
1α expression was correlated 
with tumor growth and angio-
genesis [25]. In addition, an- 
other study found that aber-
rant HIF-1α expression could 
also downregulate E-cadherin 
[26], which might further facili-
tate the invasion of cancer.

In general, the detrimental 
role of HIF-1α has been estab-
lished in colorectal cancer. 
Our above-mentioned results 
are similar to those of Cao and 
Wu [16, 18]. Another study 
from Baba demonstrated that 
HIF-1α expression is associat-
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in patients with colorectal adenocarcinoma 
[15]. We suspect that this might be attributed 
to the racial disparity because patients from 
that study were Turkish. In support of this, a 
meta-analysis demonstrated that overexpres- 
sed HIF-1α was associated with poor survival 
particularly in Asian countries but not in 
European or other countries [27].

Currently, many experiments concerning can-
cer therapy are targeting HIF-1α, which is close-
ly associated with tumor angiogenesis, metab-
olism, immunoregulation, and proliferation [28- 
30]. In colon cancer, a number of drugs are 
found to downregulate HIF-1α in vivo, which 
suppress tumor vascularity and growth [31-33]. 
A novel HIF-1α inhibitor, IDF-11774, is reported 
to decrease the energy production of colorectal 
cancer [34]. Combination treatment with a spe-
cific HIF-1α inhibitor was also recommended for 
drug resistant colorectal cancer, as an in vitro 
study found that PX-478, a HIF-1α inhibitor, 
could enhance the therapeutic effects of EGFR 
inhibition [35]. However, clinical experiments 
using an HIF-1α inhibitor to treat colorectal can-
cer are still lacking. Since promising results in 
basic studies have been reported, and high HIF-
1α expression is associated with advanced 
colon cancer and poor survival, clinical studies 
applying the HIF-1α inhibitor should be carried 
out to treat colorectal cancer.

In conclusion, HIF-1α expression is associated 
with metastasis and poor survival in colon ade-
nocarcinoma. It is an independent risk factor 
for poor prognosis in patients with colon adeno-
carcinoma. Targeting HIF-1α might enable the 
inhibition of metastasis and promote a better 
prognosis in colon adenocarcinoma.
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