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Abstract

Background
The HOXA9 gene, belonging to homeobox (HOX) gene family, has been recently reported dys-expressed in
several kinds of human cancers. This study aimed to investigate the expression of HOXA9 and its
prognostic value in cervical cancer.

Methods
The HOXA9 mRNA expression was detected with a quantitative real-time polymerase chain reaction (qRTPCR) assay, and the association of HOXA9 expression with clinical characteristic was analyzed via chisquare test. Kaplan-Meier and cox regression analyses were conducted to estimate the prognostic value
of HOXA9 in cervical cancer.

Results
HOXA9 expression was signi cantly down-expressed in cervical cancer tissues compared with that in
adjacent normal tissues (P < 0.01). And the expression of HOXA9 was signi cantly associated with TNM
stage, pathological grade, FIGO stage and differentiation (All P < 0.05). In addition, Kaplan–Meier
analysis indicated that the overall survival of patients with low HOXA9 expression was shorter than those
with high HOXA9 expression (log rank test, P = 0.000). Cox regression analysis revealed that HOXA9 had
a high prognostic value in cervical cancer.

Conclusion
HOXA9 is down-regulated and involved in the development of cervical cancer. Moreover, it may be an
useful independent prognostic bio-marker for patients with cervical cancer.

Background
Cervical cancer is the second most common gynaecological malignancy after breast cancer in the world,
and in 2015, there was an estimated 12,900 new cases of cancer and 4,100 cancer-related deaths in the
United States during 2015 [1, 2]. Although increasing evidence suggests that global strategies for cervical
cancer including testing for high-risk human papillomavirus (HPV) and cervical papilloma smears have
reduced cervical cancer mortality, these methods do not monitor the development of cervical cancer
directly [3, 4]. Cervical cancer usually spreads through direct invasion of the surrounding anatomical
structures or through the lymphatics and circulatory system and the invasion of this cancer shown a poor
prognosis [5]. Thus, the novel cancer-related genes that may serve as reliable prognostic bio-makers
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should be established for improving therapeutic e cacy, which could combine with Papanicolaou (Pap)
testing.

Homeobox (HOX) genes, a highly conserved family of 39 transcription factors, encode transcription
factors that control self-renewal and cell differentiation during embryonic development [6–8]. HOX genes
include four clusters: HOXA; HOXB; HOXC and HOXD [6]. The homeobox gene HOXA9, belongs to cluster
HOXA of HOX gene family locating in the regions 7p15.3, has been detected to be dys-expressed in
several kinds of human cancers [9–11]. Liliana Alvarado-Ruiz et al. found the expression of 25 HOX
genes were downregulated in CC derived cell lines compared with non-tumorigenic keratinocytes and
pointed controlling HOXA9 expression appears to be a necessary step during CC development [12].
However, whether the HOXA9 expression in cervical cancer correlates with the tumor prognosis is few
reported.
In the present study, we investigated the expression level of HOXA9 in clinical cervical cancer tissues and
normal tissues. The relationship between HOXA9 expression and clinicopathological characteristics of
cervical cancer patients was also investigated. In addition, the prognostic value of HOXA9 was estimated
via Kaplan-Meier and cox regression analyses.

Methods
Patients and specimens
A total of 154 patients with cervical cancer tissue samples and matched adjacent non-cancerous
(normal) tissues were obtained from patients who underwent surgical resection at Southwest Hospital,
Army Medical University and were diagnosed with cervical cancer based on histopathological evaluation.
Patients who received any chemotherapy or radiation therapy prior to surgery were excluded. After
surgical resection, the specimens were put immediately into liquid nitrogen and then stored at -80℃ until
RNA extraction. A 5-years’ follow-up data were collected retrospectively through medical records.
This study was approved by the Medical Ethics Committee of Southwest Hospital, Army Medical
University. Written informed consents were obtained from all patients collected in our study in advance.
RNA extraction and quantitative real-time RT-PCR (qRT-PCR)
Total RNA from specimens was extracted using TRIzol reagent (Invitrogen) according to the
manufacturer’s manual. Complementary DNA (cDNA) was synthesized using the Reverse Transcription
System (Promega, WI, USA). QRT-PCR was performed on an ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA) using SYBR Green I dye (Roche, Penzberg, Germany). β-actin was
taken as internal control. The expression level of HOXA9 mRNA was calculated by the comparative ΔΔCt
(threshold) method. Each sample was examined in triplicate.
Statistical analysis
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All statistical analyses were carried out using the software of SPSS 21.0 (SPSS Inc., Chicago, IL, USA) or
GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA, USA). The correlation between HOXA9
expression and clinical/pathological characteristics was assessed using χ2 test. The difference between
tumor and normal groups was analyzed with student’s t test. Survival curves were plotted using the
Kaplan-Meier method and compared by the log-rank test. A multivariate analysis with cox regression
analysis was conducted to evaluate the prognostic value of HOXA9 in cervical cancer. P < 0.05 was
considered statistically signi cant.

Results
The expression of HOXA9 was decreased in cervical cancer
The mRNA expression level of HOXA9 in 154 patients with cervical cancer was detected via qRT-PCR
using β-actin as normalization. As shown in Fig. 1, the relative mRNA expression of HOXA9 was
signi cantly lower in cervical cancer samples compared with adjacent non-normal tissues ( P < 0.01 ).
Relationship between HOXA9 and clinicopathological characteristics of cervical cancer
To explore whether HOXA9 was involved in the development of cervical cancer, the association between
its expression and clinicopathological characteristics was analyzed. Cervical cancer tissue samples were
classi ed into low expression group (n = 77) and high expression group (n = 77), according to the median

HOXA9 expression level of all cervical cancer samples. As displayed in Table 1, the expression of HOXA9
was found to be signi cantly associated with TNM stage (P = 0.035), pathological grade (P = 0.024), FIGO
stage (P = 0.036) and differentiation (P = 0.006). However, no signi cant association was observed
between HOXA9 expression and other parameters including age, tumor size and lymph node metastasis
(P > 0.05).

Page 4/13

Table 1
The relationship between HOXA9 expression and clinicopathological features of
cervical cancer patients

Parameters

Cases

HOXA9 expression

(n = 154)

Low

High

(n = 77)

(n = 77)

Age
< 45

77

37

40

≥ 45

77

40

37

Tumor size
< 3 cm

75

32

43

≥ 3 cm

79

45

34

TNM stage
I - II

67

27

40

III - IV

87

50

37

Lymph node metastasis
Negative

85

32

53

Positive

69

45

24

Pathological grade
G1 + G2

74

30

44

G3

80

47

33

FIGO stage
I/II

79

33

46

III/IV

75

44

31

Differentiation
Moderate + well

77

30

47

poor

77

47

30

Χ2

P

0.234

0.629

3.145

0.076

4.465

0.035

11.580

0.001

5.099

0.024

4.393

0.036

7.506

0.006

Association of HOXA9 expression with prognosis in cervical cancer patients
To investigate the correlations between the HOXA9 expression and prognosis in cervical cancer patients,
a 5-years’ follow-up was conducted. Kaplan-Meier analysis demonstrated that patients with low
Page 5/13

expression of HOXA9 had a shorter overall survival than those with high expression (Fig. 2, log rank test,
P < 0.05). As shown in Table 2, multivariate analysis revealed that the low HOXA9 expression was
important factor for predicting poor outcome and it might be an independent prognostic bio-marker (HR =
1.948, 95% CI = 1.057–3.589, P = 0.033).
Table 2
Multivariate analysis adjusted for clinical variables for the prognostic value of HOXA9 in cervical cancer
patients
Variable

HR

95% CI

P value

Lymph node metastasis

3.671

1.853–7.273

0.000

2.802

1.459–5.384

0.002

1.948

1.057–3.589

0.033

Negative vs. Positive
FIGO stage
I/II vs. III/IV

HOXA9 expression
Low vs. High

HR: hazard radio, 95% CI: 95% con dence interval. P < 0.05 was considered to be statistically
signi cant.

Discussion
The cervical cancer was the predominant cancer among women and the global burden of cervical cancer
is disproportionately high among the developing countries [13]. It is known that the infection of human
papilloma (HPV) virus, especially the high risk type HPV virus, is the main cause of cervical cancer [14,
15]. The accurate bio-markers are meaningful for the prediction of the prognosis in cervical cancer.
In recent decades, molecular markers have been identi ed playing important role in the detection and
treatment of patients with several different cancer types, including cervical cancer [16–21]. Yang et al.
indicated that high Delta-like ligand 4 (DLL4) expression predicts pelvic lymph node metastasis and poor
survival in cervical cancer that may be a potential clinical diagnostic marker for patients with early-stage
cervical cancer [18]. Yang L et al. investigated that MALAT1 might be an important marker of prognosis
and a potential therapeutic target of cervical cancer. Zhang et al. also demonstrated that MALAT-1 is
upregulated and played an indispensible role in cervical cancer, which may act as a potential prognostic
indicator for cervical cancer [17, 20]. Ling S et al. found miR-206 signi cantly downregulated in cervical
cancer samples than adjacent normal tissues that may act as a novel diagnostic and prognostic marker
[21].
The dysexpression of HOX genes have recently been reported in various human cancers. HOXA9, a HOX
gene, has also been implicated in human diseases, including cancers, such as ovarian cancer,
glioblastoma, lung cancer, breast cancer and so on [12, 22–26]. Song Yi Ko et al. found that high HOXA9
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expression in clinical specimens of ovarian cancer was strongly associated with increased abundance of
tumor-associated macrophages (TAMs) and intratumoral T-regulatory cells [22]. Céline S. Gonçalves et al.
as well as Marta Pojo et al. identifed HOXA9 as a critical oncogene in the initiation and progression of
glioma that establish HOXA9 as a driver of glioma initiation, aggressiveness and resistance to therapy
[23, 24]. John Wrangle et al. de ned a three-gene panel, CDO1, HOXA9, and TAC1, which degree of
sensitivity and speci city may be of high value to diagnose the earliest stages of NSCLC [25]. Sun et al.
implicate the HMGA2–TET1–HOX signaling pathway in the epigenetic regulation of human breast cancer
and that strati es breast patient survival [26].
In the present study, we have studied HOXA9 mRNA expression in 154 specimens of cervical cancer
patients by qRT-PCR, which can quantify mRNA levels with high accuracy, and found that HOXA9 mRNA
was down-expressed in the majority of cervical cancer tissues compared with normal tissues. The downregulated HOXA9 result indicated that it may therefore function as a tumor suppressor. Then we further
analyzed the association between HOXA9 expression and clinical characteristics of the patients with
cervical cancer. The results indicated that the expression of HOXA9 was tightly correlated with TNM
stage, pathological grade, FIGO stage and differentiation, which showed that HOXA9 participated in the
development and progression of cervical cancer. The Kaplan–Meier analysis showed that patients with a
high HOXA9 expression had a longer overall survival compared to those with low expression (log rank
test, P < 0.05), revealing HOXA9 was related to the prognosis of cervical cancer. According to cox
regression analysis, low expression of HOXA9 was con rmed to be related to the prognosis of cervical
caner and it could be an independent prognostic indicator and provided a promising therapeutic strategy
for cervical cancer.

Conclusion
In conclusion, we have shown that HOXA9 is downexpressed in cervical cancer, which is consistent with
previous studies [12]. Moreover, the down-regulation of HOXA9 is correlated with the progression and
poor prognosis of cervical cancer patients. However, as the limitations in current studies, further studies
are needed to warrant its prognostic utility in this malignancy.
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Figures
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Figure 1
The mRNA expression of HOXA9 in cervical cancer tissues and adjacent normal tissue. The expression
level of HOXA9 in cervical cancer tissues was lower than in the adjacent normal tissues (**P < 0.01).
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Figure 1
The mRNA expression of HOXA9 in cervical cancer tissues and adjacent normal tissue. The expression
level of HOXA9 in cervical cancer tissues was lower than in the adjacent normal tissues (**P < 0.01).

Figure 2
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Kaplan-Meier analysis for the overall survival of cervical cancer patients. Patients with high HOXA9
expression had a longer overall survival than those with low HOXA9 expression (log rank test, P < 0.05).

Figure 2
Kaplan-Meier analysis for the overall survival of cervical cancer patients. Patients with high HOXA9
expression had a longer overall survival than those with low HOXA9 expression (log rank test, P < 0.05).
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