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Abstract. The present study aimed to investigate the value of 
liver fructose 1,6‑bisphophatase (FBP1) and hypoxia‑induc-
ible factor‑1α (HIF‑1α) in the molecular subtyping of breast 
carcinoma. Tissue obtained from 60  surgical specimens 
from patients with breast carcinoma underwent immunohis-
tochemical staining for cytokeratin 5/6, HIF‑1α and FBP1. 
The variation in the expression levels of these markers and 
clinicopathological factors were compared between molecular 
subtypes. In addition, disease‑free survival was compared 
between basal‑like and luminal breast carcinoma, according 
to differing expression levels of HIF‑1α and FBP1. The results 
revealed that HIF‑1α expression was detectable in 20/60 
(33.3%) of the breast carcinoma cases, and was positively asso-
ciated with lymph node metastasis (P=0.007). HIF‑1α‑positive 
patients exhibited a shorter disease‑free survival, compared 
with HIF‑1α‑negative patients with invasive breast cancer. 
The expression levels of FBP1 were positive in 33/60 tumor 
tissues (55%; P<0.001), and FBP1 expression was associated 
with nuclear grade (P=0.017) and tumor stage (P=0.012). In 
breast carcinoma, HIF‑1α expression levels were significantly 
negatively correlated with FBP1 levels (r=‑0.711; P<0.001). 
Cox regression analysis identified FBP1 and tumor size as 
independent prognostic factors. Therefore, the present study 
demonstrated that patients with basal‑like breast carcinoma 
exhibited lower levels of FBP1 expression in tumor tissues, 
compared with patients with luminal type breast cancer, and 
that low or absent expression levels of FBP1 may be associated 
with reduced disease‑free survival.

Introduction

Hypoxia is an established characteristic of high‑grade breast 
tumors (1) and is considered to be associated with increased 

therapy resistance, poor disease‑free survival (DFS) and a 
high rate of metastasis (2‑6). The hypoxia‑inducible factor 
family members are key elements in the hypoxic signaling 
pathway  (7). Intratumoral hypoxia is caused by abnormal 
microvasculature in proliferating tumor tissues, and may induce 
proteomic changes, allowing tumors to adapt to or overcome 
the nutrient‑deprived state (8‑11). This is accomplished with 
enhanced glycolysis, inhibition of apoptosis and the increased 
expression of certain proteins that are associated with tumor 
invasiveness  (12,13). HIF‑1α is a cytoplasmic protein that 
is involved in the cellular response to alterations in oxygen 
levels, and is important in the expression of hypoxia‑inducible 
genes  (14). HIF‑1α protein is expressed and continuously 
degraded under normoxic conditions due to binding to the von 
Hippel‑Lindau protein in the cytoplasm (15). Under hypoxic 
conditions, HIF‑1α subunits translocate to the nucleus and 
heterodimerize with HIF‑1β subunits  (2). HIF‑1α overex-
pression and signaling result in adaptive responses, which 
may enhance vascular endothelial growth factor‑mediated 
angiogenesis in order to meet the energy requirements of 
the cell  (16). Basal‑like breast carcinoma differs from the 
luminal type due to its negative expression of certain hormone 
receptors and associated genes, and positive expression of 
cytokeratin 5/6 (CK5/6)  (17). Basal‑like breast carcinoma 
lesions frequently exhibit increased hypoxia and a high tumor 
grade (18,19), which triggers further necrosis and aggressive 
behavior, as compared with the luminal type (20), and tumor 
necrosis is considered a consequence of hypoxia (11,21). The 
current study hypothesized that these tumors may have altered 
hypoxic responses and metabolic requirements.

Another important mechanism underlying necrosis is a lack 
of gluconeogenesis in the tumor cell environment, in which cells 
grow at a rate that outstrips the rate of energy production (22). 
Upregulation of the HIF‑1α gene and its downstream target 
genes may result in glycolysis (23). Fructose 1,6‑bisphophatase 
is a rate‑limiting enzyme that functions during gluconeogen-
esis (24,25) to convert fructose‑1,6‑bisphophate (FBP1) into 
fructose‑6‑phosphate and inorganic phosphates. FBP1 is 
recognized as a gluconeogenesis regulatory enzyme (24,26). 
Previous studies have indicated that an increase in FBP1 
expression levels predicts an improved outcome across a spec-
trum of neoplastic diseases, including kidney (27,28), stomach 
and lung carcinoma (29). These results suggest that the epigen-
etic regulation of FBP1 is important in modulating glucose 
metabolism in cancer. Li et al (28) identified that FBP1 limits 
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clear‑cell renal cell carcinoma proliferation by inhibiting the 
function of nuclear HIF via a direct interaction with the HIF 
inhibitory domain.

The present study hypothesized that FBP1 may possess 
anticancer properties in breast cancer cell lines, potentially 
due to the suppression of HIF‑1α expression levels. Therefore, 
the expression levels of HIF‑1α and FBP1 were investigated 
using immunohistochemical analysis in human luminal and 
basal‑like breast cancer tissues. Subsequently, the association 
between clinical characteristics and the expression levels of 
HIF‑1α and FBP1 was analyzed.

Materials and methods

Patient selection and clinicopathological analysis. Tumor 
tissue samples from patients with breast cancer were obtained 
by resection between September 2004 and September 2008 
at The Tumor Hospital, Harbin Medical University (Harbin, 
China). Paraffin‑embedded tissue samples were obtained 
retrospectively from the archives of the Department of 
Pathology. Informed patient consent for the anonymous use 
of the remainder of tumor material was obtained as part of 
the standard treatment agreement. All tissue specimens had 
been fixed for ≤24 h in neutral buffered 4% formaldehyde and 
classified according to the World Health Organization (30). All 
patients had operable breast carcinoma and were not diagnosed 
with metastatic disease at the time of presentation. Informa-
tion regarding patient characteristics, including patient age 
at initial diagnosis, tumor size, nuclear grade, histology and 
nodal status, were obtained from the clinical and pathological 
records. The mean age of the patients was 53 years (range, 
25‑70). In total, 43% of the tumors were invasive ductal of 
no specific type, 37% were invasive lobular carcinoma and 
20% were of other histological classifications. Histological 
classification revealed 38 luminal type and 26 basal‑like type 
cases. Tumors were graded using the Elston criteria, as grade 1 
(n=22), grade 2 (n=22) or grade 3 (n=20) (31). Nodal disease was 
present in 55% of patient tissue samples. None of the patients 
received preoperative chemotherapy, hormonal treatment or 
radiotherapy. Adjuvant systemic treatment (chemotherapy for 
premenopausal and tamoxifen for postmenopausal patients) 
was administered according to the established guidelines of 
the National Comprehension Cancer Network (32). Estrogen 
receptor (ER) status was determined routinely by immuno-
histochemistry (33). The follow‑up period was 16‑84 months 
(mean, 60) for surviving patients. During follow‑up, 42 patients 
developed loco‑regional recurrence (n=9) or distant metastases 
(n=33), leading to a total of 33 disease‑associated mortalities. 
Four additional patients succumbed to unrelated conditions 
and were removed from the survival analysis. Approval for the 
analyses conducted in the present study was received from The 
Ethics Committee of Harbin Medical University.

DFS was evaluated as the time from the date of the 
initial curative surgery to the date of the first loco‑regional 
or systemic relapse, or mortality in the absence of relapse. 
Immunohistochemistry was performed on 3‑µm thick 
tissue sections. Table  I presents all antibodies, dilutions, 
antigen‑retrieval methods, incubation times and methods 
of detection used. Tissue sections were deparaffinized with 
xylene and rehydrated with ethanol solutions. The optimal 

primary antibody incubation times and concentrations were 
determined via serial dilution for each immunohistochemical 
assay using an identically fixed and embedded tissue block. 
The slides were counterstained with Harris hematoxylin. The 
degree of staining was determined by two pathologists using a 
multiview light microscope.

Immunohistochemical staining. Tumor sections were placed 
in ice‑cold 4% formalin containing a phosphatase‑inhibiting 
reagent (4% paraformaldehyde for 24‑48 h), dehydrated using 
ethanol (100, 95, 85 and 75%), paraffin embedded, and stained 
(Table I). Samples were incubated with 3% hydrogen peroxide 
solution (Sinopharm Chemical Reagent Co., Ltd., Shanghai, 
China) at room temperature for 15 min to eliminate endog-
enous peroxidase activity. Samples were washed with PBS 
three times. Samples were blocked with goat serum (Hyclone, 
GE Healthcare Life Sciences, Logan, UT, USA) for 60 min at 
room temperature. Samples were subsequently incubated with 
the primary antibodies presented in Table I. Samples were 
washed with PBS three times. Samples were incubated with 
biotin‑labeled secondary anti‑rabbit antibody (cat. no. ab6721; 
dilution, 1:200; Abcam, Cambridge, UK) at 37˚C for 60 min. 
Samples were washed with PBS three times. Samples were 
incubated with horseradish peroxidase‑labeled chain mildew 
avidin or alkaline phosphatase (ZSGB‑Biology Co., Ltd., 
Beijing, China) at 37˚C for 30 min. Samples were washed with 
PBS three times. Samples were stained with diaminobenzi-
dine (ZSGB‑Biology Co., Ltd.) for between 3 and 10 min in 
darkness and observed using an inverted microscope, magnifi-
cation, x4‑10. Samples were washed twice with H2O. Samples 
were counterstained with hematoxylin (Western Biology Co., 
Ltd., Chongqing, China) for 1 min. Samples were washed 
with H2O. Samples were dehydrated in an ascending alcohol 
(Sinopharm Chemical Reagent Co., Ltd.) series of 75, 85, 95 
and 100% for 3 min. Xylene (Sinopharm Chemical Reagent 
Co., Ltd.) was used to deparaffinize the specimens for 3 min. 
Neutral gum (ZSGB‑Biology Co., Ltd.,) was used to seal the 
samples.

Evaluation of immunohistochemical staining. All immunohis-
tochemical markers (HIF‑1α, FBP1 and CK5/6) were assessed 
using light microscopy. Scoring of the immunostained slides 
was performed according to the proportion of tumor cells that 
exhibited nuclear (HIF‑1α and FBP1) staining. HIF‑1α staining 
was considered positive when an immunohistochemical signal 
was observed in ≥5% of nuclei, according to the cut‑off value 
previously utilized by Bos et al (34). FBP1 expression was 
considered positive when >25% of the tumor cell nuclei were 
stained.

Molecular classification of breast cancer according to 
immunohistochemistry. According to the results of immu-
nohistochemistry, breast cancer types were classified into 
basal‑like type (CK5/6 positive and/or EGFR positive) or 
luminal type [ER positive and/or progestin receptor (PR) posi-
tive] (30). The expression levels of ER and PR were designated 
as positive when ≥1% of the tumor nuclei exhibited positive 
staining. Human epidermal growth factor receptor‑2 (HER2) 
expression levels were also classified using immunohisto-
chemical staining based on the HercepTest™ (Dako; Agilent 
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Technologies, Inc., Santa Clara, CA, USA) (35). A tumor was 
considered to be HER2‑positive if the tissue specimen scored 
≥3 for the intensity of membrane staining in the tumor cells.

Statistical analysis. Data were analyzed using SPSS 
version 19.0 for Windows (IBM SPSS, Armonk, NY, USA). 
Student's t‑tests and Fisher's exact tests were used for contin-
uous and categorical variables, respectively. DFS rates periods 
following surgery were calculated using the Kaplan‑Meier 
method, and the variation between survival curves was 
assessed using the log‑rank test. Multivariate regression 
analysis was performed using the Cox proportional hazards 
model. Pearson correlation analysis was used to compare the 

associations between FBP1 and HIF‑1α expression levels. 
Values are presented as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

Clinical data. Of the 60 tumor tissue samples, 36 (60%) were 
luminal‑type tumors (Table II), whereas 24 tissue samples 
(40%) were basal‑like tumors.

Expression of HIF‑1α. Increased expression of HIF‑1α 
was primarily identified in the nuclei of tumor cells 
(Fig. 1A and B). Using a cut‑off value of ≥5% of nuclei, 

Table I. Antibodies and experimental conditions for immunohistochemistry.

Catalog number	 Specificity	 Source	 Dilution	 Antigen‑retrieval method	 Incubation time

ab85886	 HIF‑1α	 Abcam (Cambridge, UK)	 1:500	 Microwave, citrate buffer, 95˚C, 30 min	 30 min, RT
ab196556	 FBP1	 Abcam	 1:200	 Microwave, citrate buffer, 95˚C, 20 min	 Overnight, 4˚C
ab86974	 CK5/6	 Abcam	 1:50	 Pepsin enzyme, RT, 30‑60 sec	 30 min, RT

HIF‑1α, hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphosphatase; CK5/6, cytokeratin 5/6; RT, room temperature.

Table II. Patient characteristics in various types of breast cancer.

Characteristics	 All (n=60)	 Luminal (n=36)	 Basal‑like (n=24)	 P‑valuea

Mean age, years 	 53±8.7 (25‑70)	 55±9.0 (30‑68)	 49±9.0 (25‑70)	 0.932
Menopausal status				    0.312
  Premenopausal	 22	 15 (68.2)	   7 (31.8)	
  Postmenopausal	 38	 21 (55.3)	 17 (44.7)	
Stage				    0.098
  I	 20	 14 (70.0)	   6 (30.0)	
  II	 28	 17 (60.7)	 11 (39.3)	
  III	 12	   5 (41.7)	   7 (58.3)	
T stage				    0.132
  T1	 30	 24 (80.0)	   6 (20.0)	
  T2	 18	   8 (44.4)	 10 (55.6)	
  T3	 12	   4 (33.3)	   8 (66.7)	
Nodal status				    0.050
  Negative	 27	 17 (63.0)	 10 (37.0)	
  Positive	 33	 19 (57.6)	 14 (42.4)	
Nuclear grade				    0.191
  I	 22	 18 (81.8)	   4 (18.2)	
  II	 19	 12 (65.5)	   7 (34.5)	
  III	 19	   9 (47.4)	 10 (52.6)	
Histology				    0.203
  Ductal carcinoma	 26	 16 (61.5)	 10 (38.5)	
  Lobular carcinoma	 22	 19 (86.4)	   3 (13.6)	
  Other	 12	   1 (8.30)	 11 (91.7)	

aP<0.05. T, tumor.
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positive HIF‑1α expression was identified in 20/60 (33.3%) 
cases (Table III). Of these, 8 tumors (40%) were luminal‑type 
and 12 tumors (60%) were basal‑type. No association was 
observed between HIF‑1α expression levels and patient age 
(P=0.124), nuclear grade (P=0.732) or advanced tumor stage 
(P=0.411; Table IV). Increased expression levels of HIF‑1α 
were associated with a high degree of lymph node metastasis 
(P=0.007; Table IV).

Correlation between FBP1 expression levels and clinicopatho‑
logical parameters in invasive breast carcinoma. Localization 
of FBP1 staining in the tissues was examined using conven-
tional light microscopy. The levels of immunohistochemical 
staining in the nuclei (Fig. 1E and F) were divided into positive 
and negative FBP1 expression tumor groups. FBP1 was posi-
tive in 33/60 tumors (55%; Table III). The majority of these 
tumors (27/36; 75%) were of the luminal category. FBP1 in 
basal‑like breast adenocarcinomas exhibited low or absent 
expression levels in 6/24 (18.2%) cases (P=0.008). FBP1 
expression was significantly correlated with small tumor size 
(P=0.012) and high nuclear grade (P=0.017; Table IV). No 

correlation was observed between patient age (P=0.475) and 
nodal status (P=0.864; Table IV).

Correlation between the expression levels of HIF‑1α and 
FBP1. The expression levels of CK5/6 were higher in the 
basal‑like carcinoma tissues, whereas luminal cases exhibited 
low CK5/6 expression levels (P=0.043; Fig. 1C and D). In 
addition, increased HIF‑1α expression levels were positively 
correlated with low or absent expression levels of FBP1 in 
invasive breast carcinoma, and this aspect was statistically 
significant (r=‑0.711; P<0.001). In luminal breast carcinoma, 
increased HIF‑1α expression levels were significantly corre-
lated with low or absent levels of FBP1 expression (r=‑0.772; 
P<0.001). In basal‑like breast carcinoma, HIF‑1α expression 
levels were significantly negatively correlated with the levels 
of FBP1 expression (r=‑0.577; P=0.003).

Survival analysis. In univariate survival analysis, patients 
with tumor tissues that did not express FBP1 had a signifi-
cantly poorer DFS (P<0.001; data not shown). There was a 
significant difference in the DFS of patients with any type of 

Figure 1. Immunohistochemical analysis of HIF‑1α, CK5/6 and FBP1 expression levels in human breast cancer. (A) HIF‑1α expression was observed in 
invasive breast cancer (original magnification, x100). (B) High expression of HIF‑1α was detected in tumor cell nuclei (original magnification, x400). CK5/6 
expression was observed within basal‑like breast cancer tissue at (C) original magnification, x200 and (D) original magnification, x400. (E) The expression 
of FBP1 in luminal breast cancer tissue (original magnification, x400). (F) Low nuclear expression of FBP1 was detected in basal‑like breast cancer tissue 
(original magnification, x400). HIF‑1α, hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphophatase; CK5/6, cytokeratin 5/6.
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breast carcinoma, when stratified by the levels of FBP1 expres-
sion (P<0.001; Fig. 2A and B). Patients with FBP1‑positive 
basal‑like breast carcinomas had a significantly longer DFS, 
compared with patients with FBP1‑negative basal‑like breast 
carcinomas (P<0.001; Fig. 2B). Significant differences in DFS 
were observed among the luminal subtypes (P<0.001), and 
when basal‑like carcinoma types were stratified according to 
HIF‑1α expression levels (P<0.001). HIF‑1α‑positive tumor 
tissue samples were significantly associated with a shorter DFS 
(P<0.001), compared with HIF‑1α‑negative tissue samples, 
in patients with invasive breast cancer (Fig.  3A  and  B). 
Node‑positive patients exhibited a shorter DFS, as compared 
with node‑negative patients (P=0.001; Fig. 4; Table V). In a 
multivariate Cox regression model, FBP1 and tumor size were 
identified as independent prognostic factors (Table VI).

Discussion

Livasy  et  al  (36) reported that the most frequent immu-
nophenotype of basal‑like breast adenocarcinoma consists of 
negative expression of ER and HER2, and positive expression 
of CK5/6, CK8/18 and vimentin. CK5/6 is considered to be the 
most common basal marker of metabolism‑associated adapta-
tion in basal‑like breast cancer (37). The results of the present 
study revealed an association between low expression levels of 
FBP1 and CK5/6 positivity.

In the current study, increased HIF‑1α expression levels 
did not differ significantly between luminal and basal‑like 
breast carcinoma. In these forms of breast carcinoma, expres-
sion of HIF‑1α was primarily detected in the tumor cell nuclei. 
In addition, the overexpression of HIF‑1α was detected in 

Table III. Immunohistochemical characteristics of cancer cells according to breast cancer phenotype.

Antibodies	 Total, n=60 (%)	 Basal‑like, n=24 (40%)	 Luminal, n=36 (60%)	 P‑value

HIF‑1α				    0.056
  Negative	 40 (66.7)	 12 (30.0)	 28 (70.0)	
  Positive	 20 (33.3)	 12 (60.0)	 8 (40.0)	
FBP1				    0.008a

  Negative	 27 (45)	 18 (66.7)	 9 (33.3)	
  Positive	 33 (55)	 6 (18.2)	 27 (81.8)	
CK5/6				    0.043a

  Negative	 36 (60)	 0 (0.0)	 36 (100.0)	
  Positive	 24 (40)	 24 (100.0)	 0 (0.0)	

aP<0.05 indicates a statistically significant difference. HIF‑1α, hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphophatase; CK5/6, 
cytokeratin 5/6.

Table IV. Correlation between the expression levels of metabolism genes and clinicopathological factors.

	 HIF‑1α	 FBP1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Parameters	 (‑) 	 (+)	 P‑value	 (‑)	 (+)	 P‑value

Age, years			   0.124			   0.475
  ≤35	 10	   1		  13	   7	
  >35	 34	 15		  14	 26	
Nuclear grade			   0.732			   0.017a

  I/II	 28	 13		  10	 31	
  III	 16	   3		  17	   2	
T stage			   0.411			   0.012a

  T1	 25	   5		    6	 24	
  T2‑3	 19	 11		  21	   9	
N stage			   0.007a			   0.864
  N0	 25	   2		    6	 21	
  N1‑3	 19	 14		  21	 12	

aP<0.05 indicates a statistically significant difference. (+) Indicates positive and (‑) indicates negative immunohistochemical staining HIF‑1α, 
hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphophatase; CK5/6, cytokeratin 5/6; T, tumor; N, node.
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20/60 (33.3%) invasive breast cancer tissues, when this was 
defined as ≥5% nuclear HIF‑1α immunoreactivity. Yama-
moto et al (38) observed increased HIF‑1α expression levels in 
invasive breast cancer. A number of studies have suggested that 

HIF‑1α protein overexpression is a marker of poor prognosis 
in patients with primary breast cancer (39,40). In the current 
study, total HIF‑1α expression was negatively correlated with 
DFS. There is an urgent requirement to predict the factors 

Figure 2. FBP1 status in patients with breast cancer. (A) Kaplan‑Meier curves of disease‑free survival in patients with luminal breast cancer. (B) Kaplan‑Meier 
curves of disease‑free survival in patients with basal‑like breast cancer cell. P‑values were calculated according to the log‑rank test. FBP1, liver fruc-
tose‑1,6‑bisphosphatase.
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that may be associated with HIF‑1α expression in clinical 
tissue samples. The present study demonstrated associations 
between HIF‑1α expression levels, and lymph node metastasis 
and FBP1 expression.

A significant association between positive node status and 
intense, diffuse HIF‑1α staining in breast tumor tissues was 
observed during the current study, and HIF‑1α expression 
levels were markedly higher in lymph node metastatic tumors. 

These results are concordant with the findings of previous 
studies (40,41), which demonstrated that the expression levels 
of HIF‑1α were high in the majority of patients with positive 
axilla lymph nodes and served as a predictor of poor prognosis. 
Furthermore, Schoppmann et al (42) identified a significant 
association between HIF‑1α expression and the degree of 
peritumoral lymphangiogenesis in patients with breast cancer. 
Consequently, this finding suggests that HIF‑1α‑positive 

Figure 3. HIF‑1α status in patients with breast cancer. (A) Kaplan‑Meier curves of disease‑free survival in patients with luminal breast cancer. (B) Kaplan‑Meier 
curves of disease‑free survival in patients with basal‑like breast cancer. P‑values were calculated according to the log‑rank test. HIF‑1α, hypoxia‑inducible 
factor‑1α.
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tumors possess a high degree of lymph node metastasis, as 
compared with HIF‑1α‑negative tumors.

No significant association between HIF‑1α expression and 
large tumors and a more advanced nuclear grade was observed 
in the present study. Conversely, Kronblad et al (43) noted a 
significant positive correlation between these factors, particularly 
in tumors with diameters >5 cm. It has been hypothesized that 
the levels of HIF‑1α expression increase with tumor growth, as 

large tumors are generally more hypoxic, compared with those 
of a small size (38). The correlation between HIF‑1α expression 
and nuclear grade also remains to be established. Bos et al (34) 
demonstrated that increased levels of HIF‑1α expression were 
positively associated with nuclear grade. Kronblad et al (43) eval-
uated 564 patients and observed a positive correlation between 
increased histological grade and HIF‑1α expression levels. It is 
established that hypoxia induces genetic alterations in tumor cells 

Figure 4. LN status in breast cancer. (A) Kaplan‑Meier curves of disease‑free survival in patients with luminal breast cancer. (B) Kaplan‑Meier curves of 
disease‑free survival in patients with basal‑like breast cancer cell. P‑values were calculated according to the log‑rank test. LN, lymph node.
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that allow them to adapt to a hypoxic environment (44‑46). Such 
genetic alterations also induce morphological changes in tumor 
cells and their nuclei. No significant correlation between HIF‑1α 
expression levels and nuclear grade was observed in the present 
study, which may be due to the limited sample size and a majority 
of the HIF‑1α positive patients within the basal‑like group.

To the best of our knowledge, the current study demon-
strated for the first time that FBP1 expression levels correlate 
with the clinicopathological characteristics of tumors in 
patients with basal‑like breast carcinoma. FBP1 localizes to 
the nuclei of proliferating cells (47,48) and is recognized to 
be important for the regulation of gluconeogenesis (49,50). 
The FBP1 gene is also expressed in certain cancer cells; 
however, its expression levels are reduced by comparison 

with non‑malignant tissues (27,29). Bhide (51) also observed 
that the activities of gluconeogenic enzymes were lowest in 
tumor tissues. The loss of FBP activity in tumors may there-
fore result in loss of the gluconeogenic capacity of malignant 
tissues. In the present study, FBP1 expression levels decreased 
progressively in basal‑like breast carcinoma, as compared 
with luminal cell lines; FBP1 levels are correlated with 
nuclear grade and tumor stage, and are indicative of extended 
DFS. These results are concordant with an earlier study from 
Liu et al (27), which observed that high FBP1 expression levels 
in cells from patients with gastric carcinoma are predictive of 
survival. The significant positive association between FBP1 
and DFS may occur as FBP1 inhibits HIF‑1α and glycolytic 
metabolism (28). Alternatively, this effect may be due to the 

Table V. Univariate analysis of clinicopathological and immunohistological results and disease‑free survival.

	 Disease‑free survival
	 Number of	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters	 patients (n=60)	 Mean survival, months (95% CI) 	 P‑value

T stage			   0.013a

  T1	 23	 40.9 (35.4‑46.4)	
  T2‑3	 37	 29.1 (24.7‑33.5)	
N stage			   <0.001a

  N0	 27	 41.9 (36.4‑47.4)	
  N1‑3	 33	 26.8 (23.1‑30.6)	
Age			   0.124
  ≤35	 11	 28.3 (22.1‑33.7)	
  >35	 49	 49.5 (41.6‑55.8)	
Histological grade			   0.667
  I/II	 41	 41.5 (35.4‑44.7)	
  III	 19	 31.5 (26.1‑35.1)	
HIF‑1α			   <0.001a

  Negative	 40	 40.5 (36.6‑44.4)	
  Positive	 20	 19.8 (16.7‑22.9)	
FBP1			   <0.001a

  Negative	 27	 23.6 (20.0‑27.3)	
  Positive	 33	 41.8 (37.3‑46.2)	

aP<0.05 indicates a statistically significant difference. HIF‑1α, hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphophatase; CK5/6, 
cytokeratin 5/6; CI, confidence interval; T, tumor; N, node.

Table VI. Multivariate analysis of prognostic markers.

Variable	 Odds ratio	 95% CI	 P‑value

FBP1 (‑) vs. (+)	 0.289	 0.103‑0.734	 0.010a

HIF‑1α (‑) vs. (+)	 1.012	 0.407‑2.395	 0.797
T‑stage (<2 cm) vs. (>2 cm)	 1.672	 1.158‑3.310	 0.012a

LN (‑) vs. (+)	 1.158	 0.634‑2.163	 0.613

aP<0.05 indicates a statistically significant difference. (+) Indicates positive and (‑) indicates negative immunohistochemical staining. HIF‑1α, 
hypoxia‑inducible factor‑1α; FBP1, liver fructose‑1,6‑bisphosphatase; CK5/6, cytokeratin 5/6; LN, lymph node; CI, confidence interval.
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downstream targets of HIF‑1α, carbonic anhydrase IX and 
glucose transporter 1, being inhibited by FBP1 (28).

The association between HIF‑1α and FBP1 expression 
was also examined in the current study, revealing negative 
correlations between HIF‑1α and FBP1 expression levels in 
basal‑like breast carcinoma tissues. This result is supported by 
a study from Li et al (28), which observed the same correlation 
between these two parameters in renal cell carcinoma. It is 
established that the HIF‑1α increases the level of glycolysis, 
and the stability and signaling of this protein is primarily 
involved in glucose metabolism, neovascularization and 
survival  (52,53). As a result, the gluconeogenic process is 
inhibited and the levels of FBP1‑limited enzyme expression 
are reduced (28). Consequently, the findings of the present 
study suggest that changes in the expression of FBP1 may 
result in the differential expression of HIF‑1α, and FBP1 may 
be a target of HIF‑1α in basal‑like breast carcinoma.

In the present study, the effects of adjuvant (chemotherapy 
or hormone) treatment on survival, and its interactions with 
the expression levels of HIF‑1α and FBP1 were not exam-
ined due to the limited number of patients in each subgroup. 
Further studies with a larger sample size are therefore required 
to examine this effect.

In conclusion, the results of the current study suggest 
that FBP1 is negatively correlated with DFS in patients with 
basal‑like breast carcinoma, potentially due to the expression 
of FBP1 inhibiting the nuclear levels of HIF‑1α. Therefore, 
further study of the expression levels of FBP1 using immuno-
precipitation analysis may aid understanding of the interaction 
between FBP1 and HIF‑1α in breast cancer. Furthermore, it 
may be valuable to examine the FBP1 status of patients with 
breast cancer, to enable the selection of novel therapeutic strat-
egies for breast cancer in the future.
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