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Homeobox A Cluster 7 (HOXA7) protein expression 
increased in the placentas of patients with preterm 

delivery

1Dicle University, Faculty of Medicine, Department of Histology and Embryology, Diyarbakır, Türkiye
2Health Sciences University Gazi Yaşargil Training and Research Hospital, Department of Obstetrics and Gynecology, Diyarbakır, Türkiye

3Dicle University, Faculty of Medicine, Department of Obstetrics and Gynecology, Diyarbakır, Türkiye
4Dicle University, Faculty of Medicine, Department of Pathology, Diyarbakır, Türkiye

Abstract

Objective: This study aimed to investigate Homeobox A Cluster 7 (HOXA7) protein expression in the placentas of patients with preterm 
labor by immunohistochemical method.
Methods: Placentas of 25 healthy women with term delivery and 25 women with preterm delivery were enrolled in this study. Placental 
samples were fixed in zinc-formalin and further processed for paraffin wax tissue embedding. Demographic and laboratory parameters of 
patients were recorded. HOXA7 immune activity was analyzed in the placental section with immunohistochemistry.
Results: In the placentas in the term delivery group, normal histology was observed with no placental lesions. In placentas in the preterm 
delivery group, degenerated villi, fibrin deposition, and cytotrophoblast delamination with vascular congestion were recorded. HOXA7 
protein expression was very high in preterm placentas compared to term placentas. The expression was obvious, especially in cytotrophob-
last cells and villous connective tissue. 
Conclusion: HOXA gene family is required for proper placental formation. HOXA7 protein expression may be differently regulated in 
preterm placentas and may be involved in the pathogenesis of preterm delivery.
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Introduction

There are 39 homeobox-containing (HOX) genes in 
mammals as four different linear clusters where each of 
which includes 9 to 11 genes. The homeobox A cluster 
(HOXA) gene family encodes proteins containing the 
DNA-binding homeobox motif and regulates embryonic 
developmental stages as well as embryonal segmentati-
on. HOX genes are generally inactive in an adult human. 
Still, they can be activated in a controlled manner in 
different cellular events such as regeneration, hemato-
poiesis, wound healing, vascularization, and the female 
reproductive system.[1-4] The association of HOX genes 
with cancer is studied. Defective regulation of proteins 
belonging to the HOXA gene family has been reported 
in various cancers, including glioblastoma, hepatocellu-

lar carcinoma, prostate cancer, gastric cancer, epithelial 
ovarian cancer, breast cancer, and leukemia.[5-8] Although 
the role of HOXA genes in the development of various 
cancers has been well studied, the involvement of the ge-
nes during the placentation has not been fully unders-
tood.

Stress, infection, placental abruption, placenta previa, 
substance use, preterm birth or miscarriage history, smo-
king, advanced maternal age, fetal growth restriction, 
gestational diabetes, oligohydramnios, polyhydramnios, 
vaginal bleeding, premature preterm rupture of memb-
ranes, and environmental factors are supposed to play a 
role in the etiology of preterm birth.[9-14] Decidual acti-
vation and defects in the formation of membrane struc-
tures such as the mechanical integrity of the amnion and 
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chorion membranes, collagen remodeling, and tissue fai-
lure could trigger preterm labor.[15-18] HOX transcription 
factors are activated especially in the embryonal period 
and are involved in many cellular events such as segmen-
tation of the body, craniocaudal axis, and specification 
of tissues.[19,20] Amesse et al. found a lack of expression of 
some HOX gene products in abnormal trophoblastic cells 
and stated that HOX genes are required for trophoblastic 
cell homeostasis.[21] Since HOX genes have vital roles in 
embryogenesis, these genes may be involved in the pat-
hogenesis of preterm delivery. Expression alterations of 
HOX genes may cause abnormal placentation and dys-
functional associated fetal membranes during placental 
development.

This study aimed to determine the expression level of 
HOXA7 gene family members in the placenta for the first 
time and to examine the expression density in the possible 
placental decidual layer.

Methods
Ethical approval was taken from Dicle University Medi-
cal Faculty, Ethics Committee for, Non-interventional 
studies (Date: 06/01/2023, No:10). A total of 25 healthy 
women with term delivery and 25 women with spontane-
ous preterm delivery without any systemic disorders were 
enrolled. Criteria for preterm labor were defined as labor 
between the 20th and 37th week of pregnancy.[22] Demog-
raphics, laboratory parameters, and pregnancy outcomes 
were recorded for each patient. Blood samples were col-
lected at admission before labor and further analyzed for 
laboratory parameters. All patients were informed and ac-
cepted to participate in the study. A written consent form 
was signed by all participants.

The exclusion criteria for both of the groups are as fol-
lows: previous history of preterm delivery, previous cer-
vical surgery, preterm premature rupture of membranes 
(<37 weeks of gestation), multiple pregnancies, iatrogenic 
preterm delivery, intrauterine fetal demise, fetal major 
congenital malformations, gestational hypertensive di-
sorders, placental abruption, anemia, systemic infections, 
and co-existing systemic diseases, including chronic hy-
pertension, diabetes mellitus, hepatic disease, and known 
malignancy.  

Histological tissue processing

Placentas were acquired from the Department of Obs-
tetrics of Dicle University Faculty of Medicine. Placental 
samples for histologic analysis were excised and further 
analyzed for histological evaluation. Samples were fixed 
in zinc-formalin and dehydrated through grading alcohol 
series, immersed in xylene, and incubated in paraffin wax. 
5 µm sections were cut from paraffin blocks and stained 

for immune staining of HOXA7.
Immunohistochemical examination

Placental sections were dewaxed, hydrated in grading 
alcohol series, and washed in distilled water. Slides were 
allowed to react with 3% hydrogen peroxide (H2O2) to 
block endogen peroxidase activity. After washing in PBS, 
sections were immersed in a blocking solution. Without 
washing, the previous solution was drained and sections 
were incubated with HOXA7 (catalog no: A14375, AFG 
Scientific, Northbrook, US) overnight at + 4°C. Sections 
were biotinylated and then react with streptavidin peroxi-
dase for 15 minutes. After PBS washing, diaminobenzidi-
ne (DAB) chromogen was used as a chromogen to observe 
color change. The reactions were stopped with PBS solu-
tion and sections were counter-stained with hematoxylin 
dye. Slides were imaged with Zeiss Imager A2 light mic-
roscope. All images were processed and quantified using 
ImageJ software.

ImageJ analysis

The staining intensity of HOXA7 expression was me-
asured by Image J software (version 1.53, http://imagej.
nih.gov/ij). Measurement was calculated by the method of 
Crowe et al.[23] Quantification was recorded by analyzing 
ten fields from each specimen per group. In specimens, 
the brown color stands for the positive expression of the 
antibody of interest while the blue color represents a ne-
gative expression of the antibody of interest. Signal inten-
sity (expression) from a field was calculated by dividing 
the intensity of the antibody of interest by the whole area 
of the specimen. A value for staining area/whole area was 
calculated for each specimen from ten fields. An average 
value was measured for groups and analyzed for semi-qu-
antitative immunohistochemistry scoring.

Statistical analysis

Statistical analysis was done using the IBM SPSS 25.0 
software (IBM, Armonk, New York, US). The data were 
recorded as mean±standard deviation. Statistical distri-
bution was evaluated with the Shapiro-Wilk test. Binary 
group comparisons were done with the Mann-Whitney 
U test and Student t-test. Significance was considered 
for p-values <0.05. The categorical variables were analy-
zed by Chi-square test. The number of patients for each 
group was calculated by G Power analysis (version 3.1). 
Cohen’s criteria were defined according to the study of 
Alviggi et al.[24]

Results
Demographic and laboratory parameters and pregnancy 
outcomes of patients with term and preterm labor were 
shown in Table 1. As expected, the gestational week at 
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delivery, and birth weight were significantly lower, and 
the mean leukocyte count and C-reactive protein (CRP) 
levels, and the rates of cesarean delivery were significantly 
higher in women with preterm labor than in women with 
term labor.

Table 1. Demographic and laboratory parameters, and pregnancy 
outcomes of patients

Parameters Term 
delivery 
group

(n=25)

Preterm 
delivery group

(n=25)

Significance 

(p-value) 

Maternal 
age, years

28.45 ± 3.45 29.92 ± 4.72
0.703

Body mass 
index, kg/m2 28.62 ± 5.83 28.31 ± 6.39

0.183

Gravida, n 2.12 ± 1.03 3.53 ± 1.32 0.228
Parity, n 0.93 ± 0.83 1.11 ± 1.02 0.176
CRP (mg/dL) 2.17 ± 45 5.03 ± 1.06 0.003
Leukocyte 
count (109/L)

12.28 ± 2.39 15.16 ± 1.12
<0.001

Cesarean 
delivery, n 
(%)

7 (%28) 21 (%84)
<0.001

Gestational 
week at 
delivery

38.34 ± 1.28 33.76 ± 1.48
<0.001

1-min 
APGAR score

8.15 ± 1.25 7.30 ± 1.43
0.011

5-min 
APGAR score 

9.62 ± 1.05 9.21 ± 1.52
0.180

Birth weight, 
g 

3252.81 ± 
323.28

2160.45 ± 
218.61

0.001

Histological analysis

Hematoxylin eosin staining of placental sections was 
presented in Figure 1. The placental sections of patients 
in the term delivery showed normal histological appea-
rance. There were no placental lesions (Figures 1a and 
1b). In placentas in the preterm delivery group, increased 
fibrin deposition, cytotrophoblast delamination, vascular 
congestion, and degenerated villi were observed (Figures 
1c and 1d).

Figure 2 shows the immune reaction of HOXA7 pro-
tein in the placentas of women with preterm and term 
delivery. HOXA7 expression was redundantly negative in 
cytotrophoblast cells in term placentas. Slight expression 
was observed in villi connective tissue (Figures 2a and 2b). 
The HOXA7 immune reaction was increased in cytotrop-
hoblast cells and villous connective tissue (Figures 2c and 
2d).

Semi-quantitative measurement of HOXA7 expres-
sion by immunohistochemistry staining was shown in 
Table 2 and illustrated in Figure 3. A similar trend of im-
munostaining findings was also observed in the semi-qu-
antitative analysis of HOXA7 expression. Signal intensity 
(expression) HOXA7 was 29.20 ± 4.61% in the term deli-
very group while it was 36.17 ± 5.89% in the preterm de-
livery group which showed a statistical increase compared 
to term placentas.

Table 2. Image J analysis of HOXA7 signal

Term delivery 

group

Preterm delivery 

group

Significance 

(p-value)

HOXA7 

signal

29.20 ± 4.61 36.17 ± 5.89 <0.001

Fig 1. Hematoxylin eosin staining of the placental sections. a-b) 
Histologically normal villi (blue arrow) and capillaries (red arrow) 
in term placentas; c-d) Fibrin deposition with edema (blue arrow), 
vascular congestion (red arrow) in preterm placentas.

Fig 2. The immune activity of HOXA7 protein in placental sections. 
a-b) Negative expression in villi (red arrow) in term placentas; c-d) 
Dense HOXA7 expression in cytotrophoblast cells (red arrow) and in 
villous connective tissue (red star) in term placentas.

Fig 3. Mean intensity of HOXA7 signal (expression).
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Discussion
Placental lesions including villi and vessels are common 
findings in preterm delivery.[25] Obimbo histologically 
studied the placentas of women with placentas and found 
increased fibrinoid accumulation, degenerated villi, vas-
cular congestion, and trophoblastic delamination. [26] Ot-
her studies reported histological evidence of chorioam-
nionitis and villitis in preterm placentas.[27-29] This study 
reported increased capillaries, fibrin deposition, and vas-
cular congestion in preterm placentas compared to term 
placentas (Figure 1). Our findings are consistent with pre-
vious studies.

HOX genes are members of transcription factor-en-
coding genes with a crucial role in embryogenesis. [30] 
Their role in cancer is also well-studied. Li et al. studied 
the prognostic value of HOXA genes (1-13) in laryngeal 
squamous cell cancer and stated that HOXA genes in-
volves in many cellular events during tumorigenesis and 
suggested investigating their role further.[31] Ekanayake 
et al. studied the role of HOXA10 in mammalian female 
fertility as a prospective marker and found that gonadal 
steroids directly modulate the expression of the HOXA10 
gene and stated that alterations in HOX genes can cause 
reproductive competence of the female.[32]

Considering their function, it is not surprising they 
may have a role in the development of the human placenta 
of women with preterm labor. In a study of mouse models 
with mutant HOX genes, mice showed placental defects 
and fetal anomalies.[33] A study showed that the Psx ho-
meobox gene was specifically expressed in extraembryo-
nic tissues and predominantly in the placenta in the early 
stages of development and its expression continued at the 
end of pregnancy.[34] This gene also was shown to involve 
in the differentiation of trophoblastic cells in the murine 
placenta.[35] Topaloğlu et al. studied HOXA10, HOXB6, 
and HOXC6 expression in the bovine placenta during 
gestation. They found that these genes were expressed in 
trophoblastic cells of the placenta, suggesting the genes 
may have vital roles in the proliferation and differentia-
tion of placental cells.[36] The present study reveals that 
HOXA7 protein was slightly expressed in the placentas 
in the term delivery group. In placentas in the preterm 
delivery group, HOXA7 immune activity was increased 
especially in villi structures such as cytotrophoblast and 
connective tissue. (Table 2, Figures 2 and 3). These fin-
dings were consistent with previous studies. Our findings 
suggest that the HOXA7 gene is required for placental 
development. HOXA7 expression may modulate the in-
tegrity and enforcement of fetal membranes. Transcripti-
onal control of the HOXA7 gene may give a clue for nor-
mal and abnormal placentation associated with preterm 

delivery.
Although this study is the only study investigating the 

HOX genes in the human placenta in preterm deliveries, 
it has some limitations. First, histopathology in placen-
tas of patients with preterm delivery is known however 
the number of patients was low for immunohistochemical 
scoring to make a powerful conclusion. A large number of 
patients would give better results. To show the possible 
role of the HOXA7 gene in placentation with immunos-
taining is not enough. The hypothesis should be suppor-
ted with more molecular techniques such as western blot, 
immune fluorescent, and flow cytometry.

Conclusion
Formation of the placenta is a complex process that requ-
ires a family of numerous gene activation. HOXA genes 
are expressed in the early stages of placentation. This 
study reported that preterm placentas had higher expres-
sion of HOXA7 protein. HOXA7 protein may be invol-
ved in the pathogenesis of preterm delivery and regulated 
during placental formation.
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