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Abstract
Purpose: HOXB7 is a gene of HOX gene family, which has been found to play a role in cancer cell
proliferation, angiogenesis, and invasion. Due to its potential responsibility in cancer aggression, the main
objective of this work was to investigate the expression in Renal cell carcinoma and the biological functions
in Renal cell carcinoma cells.
Methods: To investigate HOXB7 expression in Renal cell carcinoma tissues and Renal cell carcinoma
cell lines by using immunohistochemistry, Western blot and RT-PCR. Then we analyzed the relationship
between HOXB7 expression and Renal cell carcinoma clinical parameters. The biological function of
HOXB7 on proliferation, migration and invasion were investigated by CCK8 assays, Transwell and Matrigel
assays, after knocking down the HOXB7 expression in Renal cell carcinoma cells with siRNAs.
Results: The results showed that HOXB7 protein was highly expressed in the Renal cell carcinoma tissues
and cell lines. Down-regulating HOXB7 expression by siRNAs could suppress the proliferation, migration
and invasion in Renal cell carcinoma cells. The HOXB7 expression was related to the poor differentiation
by statistical analysis. Besides, HOXB7 was related to the patient prognosis by the survival analysis.
Conclusions: HOXB7 protein was expressed in the Renal cell carcinoma, which was related to the poor
prognosis in Renal cell carcinoma patients. HOXB7 promoted the proliferation, migration and invasion in
Renal cell carcinoma cells. Therefore, it may be a new marker to predict the prognosis and target to cure
Renal cell carcinoma.
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Introduction

medical strategy for the next step. To date, there are no effecRenal cell carcinoma (RCC) encompasses a heterogeneous group tive methods to predict the prognosis in Renal cell carcinoma.
of cancers derived from renal tubular epithelial cells and is Therefore, new tools should be developed for diagnosis and
among the 10 most common cancers worldwide [1]. Localized predicting prognosis for early stages of Renal cell carcinoma.
RCC can be treated with partial or radical nephrectomy (removal
HOX genes encode a family of transcription factors that deterof the kidney) [2], ablation (destruction of the malignant tis- mines cellular identity during development [5]. The expressue with heat or cold) [3], or active surveillance (monitoring of sion of HOX family is rarely found in the adult cells, but more
tumor growth with periodic radiographic studies) [4]. Despite and more studies confirmed that the HOX protein could also
nephrectomy with curative intent, ~30% of patients with RCC found in neoplasia and tumor tissues [6]. Human HOX genes
with localized disease eventually develop metastases, which now has been divided into two classes. In the class I, there are
require systemic therapies and are associated with high mor- four paralogous clusters of HOX genes, which are defined as
tality. Therefore, early diagnosis is very important to Renal HOXA, HOXB, HOXC, and HOXD [7-9].
cell carcinoma patients, for early diagnosis helps to guide the
HOXB7 is a member of the HOXB family. As a transcription
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factor, the HOXB7 has functions to regulate specificity and
stability of DNA-binding with cooperation with cofactors and
other transcription factors. It has been found in some solid
cancer including breast cancer, melanoma, colorectal cancer,
such as, pancreatic ductal adenocarcinoma, oral squamous
cell carcinomas, epithelial ovarian carcinoma, and lung cancer.
Some studies showed that HOXB7 played an important role in
cancer development and had a relation with tumor invasion
and metastasis [10-14]. Some studies showed that its expression was related to predict the prognosis in solid cancers.
In this study, we found that HOXB7 was expressed in the
Renal cell carcinoma tissues and related to the Gleason Scores,
pathological grade and metastasis. Knocking down the HOXB7
expression decreased the proliferation, migration and invasion in Renal cell carcinoma cells.

Methods and materials
Clinical data

The tissue microarray was bought from the Superchip Company
(Shanghai, China. HKid-CRCC150CS-02). 65 cases.

Immunohistochemistry

After regular deparaffinization and rehydration, the tissues
were blocked with normal goat serum (3% in PBST, 0.05%
Tween 20) for 30mins room temperature. The sections were
washed out and then incubated with anti-human HOXB7specific antibody at dilution of 1:200 (Abcum company
Cambridge, UK) overnight. The sections were washed with
PBS and then incubated with second antibody for RT 1h.
The EnvisionTM ABC Kit for staining.
To evaluate the score of immunohistochemistry, we used
the method below:
The percentage of stained cells per field was defined as the
following: 0, negative; 1, 1-25%; 2, 26-50%; and 3, 51-100% of
the cells. The staining intensity was scored on a 4-tiered scale
as follows: 0, absence of signal; 1, low-intensity signal (light
brown); 2, moderate-intensity (brown); and 3, high-intensity
signal (dark brown). The frequency score and intensity score
were multiplied to obtain the score for each field.
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Kit (Thermo, Rockford, IL, USA) according to the manufacturer’s
instruction. Prime: Forward: 5’-ACCGACACTAAAACGTCCCTG-3’
and Reverse: 5’- TTT GTTCTGGGAAGGCTCCG-3’.
GAPDH: (forward, 5’-CAAGGTCATCCATGACAACTTTG-3’;
reverse, 5’-GTCCACCACCCTGTTGCTGTAG-3’).

Cell culture

The Renal cell carcinoma cell line 7860 and ACHN was obtained
from American Type Culture Collection (ATCC). Cells were cultured in RPMI 1640 (Hyclone, Logan, UT, USA) medium, supplemented with 10% fetal bovine serum (Hyclone, Logan, UT, USA)
and at 37ºC in a humidified atmosphere containing 5% CO2.

Cell proliferation assay

The 7860 and ACHN cells were transfected with siRNA (50
µg/ml) in 96-well plates and incubated at 37ºC. Cell proliferation was analyzed using the CCK8 Cell Proliferation Assay
Kit (Invitrogen, USA). CCK8 reagent (5 µl) was added to each
well and incubated for 2 h. The number of viable cells was
calculated by absorbance measurements at 450 nm. Each
condition was assessed in triplicate.

Cell migration assay

The migration assay was performed in a 24-well Transwell
(Corning, USA) containing a polycarbonate filter (8 μm pore
size). The T24 cells were counted as 105 of each group to add
in the Transwell chamber. Conditioned medium containing
10% fetal bovine serum was added to the bottom part of the
chamber. The cells were incubated in a 5% carbon dioxide
incubator at 37ºC for 24 h. After incubation, cells in the upper chamber that were attached but had not migrated were
scraped off, and the migrated cells on the bottom of the filter
were fixed with methanol and stained with hematoxylin. The
number of cells was counted in at least 6 randomized fields
under a microscope. Results were obtained from at least three
individual experiments.

Cell invasion assay

The invasion assay was performed in a 24-well invasion (corning, USA) containing a polycarbonate filter (8 μm pore size).
Western blot
The T24 cells were counted as 105 of each group to add in the
Protein was extracted from the prostate cancer cells and was invasion chamber. Conditioned medium containing 10% fetal
measured by Pierce BCA Protein Assay Kit (Thermo Scientific, bovine serum was added to the bottom part of the chamber.
Rockford, IL). The membranes were incubated overnight at The cells were incubated in a 5% carbon dioxide incubator at
4°C with the following primary antibodies’ HOXB7(Abcum 37ºC for 24 h. After incubation, cells in the upper chamber that
company Cambridge, UK). The reference protein was GAPDH. were attached but had not migrated were scraped off, and the
The immunocomplex was detected by using the ECL Plus kit migrated cells on the bottom of the filter were fixed with meth(Amersham, Buckinghamshire,UK) and the band density was anol and stained with hematoxylin. The number of cells was
analyzed with Image software.
counted in at least 6 randomized fields under a microscope. Results were obtained from at least three individual experiments.

RT-PCR

Total RNA of Renal cell carcinoma cell lines 7860, ACHN and Results
CAKI-I was extracted by TRIzol reagent and then reverse tran- HOXB7 was expressed in the prostate tissues and cell lines
scribed using RT-PCR Revert Aid, First Strand cDNA Synthesis In this study, the expression levels of HOXB7 in three rep-
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resentative Renal cell carcinoma cell lines (7860, ACHN and
CAKI-I) were found with the methods of Western blot and
RT-PCR. Immunohistochemistry showed that positive staining of was frequently located in the cytoplasm of cancer cells
in Renal cell carcinoma tissues (56/60, 93.3%). The normal
prostate tissues were negative stained (Figure 1).

Figure 1. HOXB7 was highly expressed in the Renal cell
carcinoma cancer tissues and cell lines.
A. The immunohistochemistry staining of Renal cell carcinoma
cancer tissue and normal tissues.
B. HOXB7 was detectable in the 7860, ACHN and CAKI-I cell
lines by western blot. C. HOXB7 was detectable in the 7860,
ACHN and CAKI-I cell lines by RT-PCR.

Knocking down HOXB7 inhibited the proliferation
ability

Then we investigated the proliferation ability by using CCK8
arrays to determine whether HOXB7 could affect proliferation
and survival in Renal cell carcinoma cells. The CCK8 assays
results showed that in both 7860 and ACHN cells, the proliferation were suppressed significantly. In the 3th, 4th, 5th day,
the growth rate was much higher in the siNC group than the
siRNAs group, suggesting that the proliferation ability was
affected by HOXB7 (Figure 2).

Down-regulating the HOXB7 suppressed the migration
and invasion

The number of cells invading through the membrane in the
siRNA group was significantly decreased from those in the
negative control group in Transwell assays and Matrigel, suggested HOXB7 promote the prostate cancer migration and
invasion (Figures 3 and 4).

Figure 2. Knocking down HOXB7 reduced the
proliferation of Renal cell carcinoma cancer cells.
Using CCK8 assay the proliferation of Renal cell carcinoma
cancer cells 7860 and ACHN was investigated after
transfected with siRNA for 5 days.
A. HOXB7 expression of siNC, siRNA1, siRNA2 were tested
by western blot.
B. The proliferation of Renal cell carcinoma cancer cells
7860 was investigated after transfected with siRNA for 5
days.
C. The proliferation of Renal cell carcinoma cancer cells
ACHN was investigated after transfected with siRNA for 5
days.

HOXB7 was related to the poor differentiation in prostate cancer
In addition, we analyzed the immunohistochemistry data of
the prostate cancer tissues of HOXB7 and found a significant
HOXB7 expression increased in the poor differentiation tissues, such as pathological grading and tumor size (P<0.05).
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Table 1. Clinicopathologic Variables and Evaluation of HOXB7
Immunostaining in prostate cancer Tissues.

Figure 3. Knocking down HOXB7 reduced the migration
of Renal cell carcinoma cancer cells.
Knocking down the expression of HOXB7 was found to
inhibit the migration ability of 7860 and ACHN cells by
Transwell assay, which are shown above. Data represent
the mean±SEM of cells of at least six random ﬁelds under
microscope and the experiment repeated three times.

Figure 4. Knocking down HOXB7 reduced the invasion of
Renal cell carcinoma cancer cells.
Knocking down the expression of HOXB7 was found to inhibit
the migration ability of 7860 and ACHN cells by Matrigel
assay, which are shown above. Data represent the mean ± SEM
of cells of at least six random ﬁelds under microscope and the
experiment repeated three times.

HOXB7 expression had no relationships with Sex, Age and
TNM stage (Table 1).

Correlation between HOXB7 expression and survival
in Renal cell carcinoma patients

The 5.5-year overall survival of patients with Renal cell carcinoma patients was elevated according to the results of
Kaplan-Meier analysis with HOXB7 expression. The survival
rate of patients with weak positive (negative and “+”) HOXB7
staining was significantly longer than that of patients with
strong positive (“++” and “+++”) HOXB7 staining (P<0.05)
(Figure 5). Cox multivariate analysis also showed that HOXB7
strong positive staining (hazard ratio=4.765, P=0.029) and
tumor size (hazard ratio=2.670) were risk factors of poor
prognosis for Renal cell carcinoma patients (Table 2).

Discussion

In this study, we investigated the expression of the HOXB7 in
Renal cell carcinoma tissues and Renal cell carcinoma cells

Age(years)
>60
≤60

No. of scores for HOXB7 signal P value
Patients (-) (+) (++) (+++)
0.4015
28
8 8 5 7
47
6 16 12 13

Sex
Male
Female

50
25

7
7

Histological grade
high grade
low grade

40
35

4 12 8 16
10 12 9 4

TNM
I-II
III-IV

52
23

8
6

15 15 14
9 2 6

Tumur size
>7
≤7

33
42

5
9

7 9 12
17 8 8

16
8

0.3305

11 16
6 4

0.0178

0.1843

0.0489

Figure 5. The correlation of HOXB7 expression and 5-year
overall survival of patients with Renal cell carcinoma cancer
patients.
Table 2. Cox multivariate analysis of prognostic factors in
patients with Renal cell carcinoma.
Characteristics
Age(≤60/>60)
Sex (Male/Female)
Histologic grade
(High grade/Low grade)
HOXB7 staining
(weak/strong)
Tumor size
(>7/≤7)
TNM stage
(I-II/III-IV)

HR
1.374
1.564
1.287

95% Cl
0.965-1.054
0.451-2.514
0.257-14.577

P-value
1.155
0.844
0.257

4.765 1.290-30.486 0.029
2.670 0.158-2.086

0.399

2.211 0.236-5.193

0.896

CAKI-I, 7860 and ACHN. Knocking down the HOXB7 expression, the proliferation, migration and invasion ability of Renal
cell carcinoma cell was significantly suppressed. Moreover,
the HOXB7 expression was related to the poor prognosis in
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Renal cell carcinoma.
HOXB7 is found in many solid cancer tissues. In addition, several studies have found that HOXB7, as a potential
marker of cancer metastasis, is significantly associated with
metastases in cancer patients [15]. In this study, we demonstrated the expression in Renal cell carcinoma tissues and cell
lines. By analyzing the expression of HOXB7, we found that
HOXB7 expression was associated with pathological grade
and metastasis and could be used as a marker for predicting
the prognosis of patients with Renal cell carcinoma. It was
also included in the four gene diagnostic markers (CLDN4,
HOXB7, TMSB4 and TTR) Cholangiocarcinoma of liver tissue
with hepatocellular carcinoma and benign biliary liver disease.
In addition, we follow the biological behavior and HOXB7
expression. HOXB7 can reduce migration, migration and
invasion after knockout of Renal cell carcinoma cells, suggesting that HOXB7 can promote migration, migration and
invasion. In another study, knockout HOXB7 expression also
inhibited the ability of breast cancer MCF-7 cells to proliferate, migrate and invade [16]. This result supports our work
on Renal cell carcinoma HOXB7. In lung cancer, Chen and
colleagues found that HOXB7 could promote faster tumor
growth in lung cancer cells.
So far, some scholars have found a number of HOXB7-related
cell signaling pathways, including VEGF, Ang2, GROα and IL8
and so on. It has recently been reported that HOXB7 regulates
TGFβ signaling pathway [17,18]. Over-expression of HOXB7
induces TGFβ, leading to increased cellular motility and increased aggressiveness. It is reported that HOXB7 repair DNA.

Conclusion

Knocking down HOXB7 expression inhibits the ability of Renal cell carcinoma to proliferate, migrate and invade. Strong
positive staining of HOXB7 is a risk factor for poor prognosis
in patients with Renal cell carcinoma. We believe that HOXB7
may provide a new standard for the prognosis of patients
with Renal cell carcinoma, and HOXB7 may be a new and
valuable target for the development of treatment strategies.
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