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Introduction

Infertility is defined as a disease characterized by the inabil-
ity to achieve a clinical pregnancy after twelve months of 
regular, unprotected sex [1]. Causes of infertility Phenotyp-

ic causes of female Infertility: The main etiological factors of 
female infertility include ovulation disorders, tubal disorder, 
uterine abnormalities, endometriosis and cervical factors [2]. 
Genotypic causes of female infertility: X Chromosome and fe-
male infertility: As a result of an accelerated loss of primordial 
oocytes during female fetal development and streak gonads 
at birth, chromosomal abnormalities like monosomy X (Turner 
syndrome): cytogenetically visible deletions and duplications, 
and balanced and unbalanced X-autosome rearrangements are 
linked in humans [3]. Turner’s Syndrome (TS): is defined by the 
absence of one X chromosome, either entirely or partially. The 
45X chromosomal configuration is the most prevalent [4]. Sin-
gle gene mutation: Low FSH and oestradiol, excessive LH, and 

sterility in females [5-6]. Congenital Adrenal Hyperplasia (CAH) 
Changes in the adrenal gland in women with CAH might result 
in hormonal imbalances may cause  infertility [7]. Physiology of 
implantation the physiological functions of the uterine endo-
metrium (uterine lining) are preparation for implantation, en-
dometrial stromal fibroblasts (ESCs) terminally differentiate to 
secretory decidual stromal fibroblast cells (DSCs) and in the ab-
sence of conception the tissue undergoes controlled shedding, 
tissue repair, re-epithelialisation, regeneration and remodel-
ling , this process is controlled by ovarian steroid hormones [8]. 
Implantation Embryo implantation involves the first physical 
and physiological interaction between the embryo and uterus, 
which determines the success of post-implantation conceptus 
development and term pregnancy outcome [9]. Homeobox 
genes (HOX genes) The broad family of transcription factors 
known as homeobox genes (HOX) controls the early develop-
ment of various body components The human HOX genes are 

Abstract:
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located at four chromosomal loci, HOXA9: A sequence-specif-
ic transcription factor of a developmental regulatory system 
is encoded by a gene on chromosome 7p15.2 that gives cells a 
distinct position on the anterior-posterior axis and is thought 
to be important in gene expression ,morphogenesis, and differ-
entiation [10-11]. Homeobox Genes and infertility Disorders of 
reproductive function may result from any changes in the con-
trol of homeobox gene expression in the adult uterus or the 
developing female reproductive tracts [12].
Materials and Methods 
The period of collection of patients from May 2022 until No-
vember 2022, at the infertility Teba center / Babil/ Iraq”and 
Al-kafeel hospital \karbala. The present study enrolled 150 in-
fertile females undergoing ICSI cycles with an age range of 18 
to 35 years and an infertility duration ranging from 2 years to 
15 years. Patients’ assessment Full history was obtained from 
infertile couples. Collection of Blood samples Five milliliter of 
venous blood were obtained by a sterile venipuncture under 
optimal condition, and divided into 2 parts: First part (2ml) was 
put into an ethylene diamine tetra-acetic acid (EDTA) tube [13]. 
DNA extraction protocol 1-Washing cells by (10%normal saline 
-10% probynene glycol – 80% Tris-Hcl) 2- Lysis of Cells by (0.06 
g EDTA+ 0.3 g Tris-Hcl + 0.2 g of SDS   3-Proteins precipitation 
by sodium acetate and acetic acid  4- Precipitation and washing 
of DNA by 60 ml ethanol + 40 ml Tris-Hcl 5- Recovering DNA by 
100 μl of DNA Elution buffer [14]. The primers of Homeobox-9

diamine tetra-acetic acid (EDTA) tube [13]. DNA extraction pro-
tocol 1-Washing cells by (10%normal saline -10% probynene 
glycol – 80% Tris-Hcl) 2- Lysis of Cells by (0.06 g EDTA+ 0.3 g 
Tris-Hcl + 0.2 g of SDS   3-Proteins precipitation by sodium ac-
etate and acetic acid  4- Precipitation and washing of DNA by 
60 ml ethanol + 40 ml Tris-Hcl 5- Recovering DNA by 100 μl of 
DNA Elution buffer [14]. The primers of Homeobox-9 (Hox-A9) 
genes which used in this study with their sequences are listed 
in table (1):
Molecular Weight and Integrity Estimation of DNA extraction
The molecular weight and the integrity of the DNA extracted 
was determined by 0.8% agarose gel-electrophoresis, the set-
ting device at 100 volts for (30-40) minutes. 
Agarose gel electrophoresis
The electrophoresis had been performed to determine the 
quality of the DNA extraction and to visualize the PCR product 
size after finishing the PCR program as shown in Figure 1. The 
concentration of the gels depend on the type of the product. In 
general, for DNA quality, the agarose gel was 1%, while it was 
2% for the regular PCR products [15].

Figure (1) extracted genomic DNA electrophoresis

Conventional Polymerase chain reaction
Polymerase chain reaction (PCR) components and programs for 
Hox-A9 and Hox-A10 were carried out after several attempts of 
optimization to detect the best temperature for annealing with 
a total volume of 25 μl [16-17].
PCR amplification program is described in Tables (2 and 3) re-
spectively. PCR products were assessed by 2 % agarose gel elec-
trophoresis as described above 

Table (2): Components of PCR reaction (Homeobox - 9 (Hox-A9))

Composition Concentration Volume

1 Master Mix 2X 12.5 µl

2 Forward primer 10 PM 1 µl

3 Revers primer 10 PM 1µl

4 DNA sample 10-20 ng\µl 2µl

5 Nucleases free water 8 µl

6 DMSO 0.5 µl

Total volume 25 µl

Table (3): Temperatures and time of PCR Homeobox-9 (Hox-A9).

stage steps Temperature Co Time No. of Cycles

1 Initial temperature 94 5 mins 1

2

DNA denaturation 94 30 sec

35
Primer annealing 58 30 sec

Extension 72 120 sec

3 Final extention 72 5 mins 1

Results

Genetic study

 There was significant difference in 211-212 Tins between 
positive and negative pregnancy TA 28 (77.8%),70(93.3%) and 
TTA 8 (22.2%) , 5(6.7%) respectively; (p = 0.038) table 4

  In In addition There was no significant difference in 276-
277Ains Tins between positive and negative pregnancy AC 30 
(83.3%),71(94.7%) and AAC 6 (16.7%), 4(5.3%) respectively;( p 
=0.110) table 4
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However, the 430-431Tins was not significant between 
positive and negative pregnancy TC 33 (91.7%),74(98.7%) and 
TTC 3 (8.3%) , 1(1.3%) respectively;( p =0.191) table 4.

the difference was statistically not significant between 
positive and negative pregnancy in 815-816 Tins GC 29 (80.6%), 
49(65.3%) and GTC 7 (`19.4%),26(34.7%) respectively;( p 
=0.100) table4.

There was in addition insignificant difference  between 
positive and negative pregnancy in 396C>G CC  32 (88.9%) 
, 65(86.7%) and CG 4 (11.1%) , 10(13.3%) respectively;( p 
=0.980) , C 68 (94.4%), 140(93.3%) and G 4 (5.6%) , 10(6.7%) 
respectively;( p =0.750) table 4.

There was no significant difference between positive 
and negative pregnancy in 676C>T CC 10 (27.8%),24(32.0%) 
and CT 26 (72.2%) , 51(68.0%) respectively;( p =0.651) , C 46 
(63.9%) ,99(66.0%) and T 26 (36.1%),51(34.0%) respectively;( 
p =0.757).

In positive and negative pregnancy there was no 
significant difference in 699C>T CC 9 (25.0%), 17(22.7%) 
and CT  27 (75.0%) , 58(77.3%) respectively;( p =0.786) ,C 45 
(62.5%),92(61.3%) and T 27 (37.5%),58(38.7%) respectively;( p 
=0.867).

In addition, in positive and negative pregnancy 
there was no significant difference in 865G>T GG  34 (94.4%), 
73(97.3%) A and GT  2 (5.6%), 2(2.7%) respectively;( p =0.825), 
G 70 (97.2%),148(98.7%) and T 2 (2.8%) , 2(1.3%) respectively;( 
p =0.449).

Table 4: 

Genotype

Total 

n = 111

Pregnancy 
positive 

n = 36

P r e g n a n c y 
negative n 
= 75

p OR 95% CI

211-212Tins

TA 98 (88.3 %) 28 (77.8%) 70(93.3%)
0 . 0 3 8 
Y *

0.25 0.08 0.83

TTA 13 (11.7 %) 8 (22.2%) 5(6.7%) 4.00 1.20 13.28

276-277Ains

AC 101 (91.0 %) 30 (83.3%) 71(94.7%)
0.110 Y 
NS

0.28 0.07 1.07

AAC 10 (9.0%) 6 (16.7%) 4(5.3%) 3.55 0.93 13.49

430-431Tins

TC 107 (96.4%) 33 (91.7%) 74(98.7%)
0.191 Y 
NS

0.15 0.01 1.48

TTC 4 (3.6%) 3 (8.3%) 1(1.3%) 6.73 0.67 67.11

815-816Tins

GC 78 (70.3%) 29 (80.6%) 49(65.3%)
0 . 1 0 0 
C NS

2.20 0.85 5.70

GTC 33 (29.7%)
7 
(`19.4%)

26(34.7%) 0.13 0.05 0.33

396C>G

CC 97 (87.4%)
3 2 
(88.9%)

65(86.7%)
0.980 
Y NS

1.23 0.36 4.23

CG 14 (12.6%)
4 
(11.1%)

10(13.3%) 0.81 0.24 2.79

C 208 (93.7%)
6 8 
(94.4%)

140(93.3%)
0.750 
C NS

1.21 0.37 4.01

G 14 (6.3%) 4 (5.6%) 10(6.7%) 0.82 0.25 2.72

676C>T

CC 34 (30.6%)
1 0 
(27.8%)

24(32.0%)
0.651 
C NS

0.82 0.34 1.96

CT 77 (69.4%)
2 6 
(72.2%)

51(68.0%) 1.22 0.51 2.94

C 145 (65.3%)
4 6 
(63.9%)

99(66.0%)
0.757 
C NS

0.91 0.51 1.64

T 77 (34.7%)
2 6 
(36.1%)

51(34.0%) 1.10 0.61 1.97

699C>T

CC 26 (23.4%)
9 
(25.0%)

17(22.7%)
0.786 
C NS

1.14 0.45 2.88

CT 85 (76.6%)
2 7 
(75.0%)

58(77.3%) 0.88 0.35 2.22

C 137 (61.7%)
4 5 
(62.5%)

92(61.3%)
0.867 
C NS

0.95 0.53 1.70

T 85 (38.3%)
2 7 
(37.5%)

58(38.7%) 1.05 0.59 1.88

865G>T

GG 107 (96.4%)
3 4 
(94.4%)

73(97.3%)
0.825 
Y NS

0.47 0.06 3.45

GT 4 (3.6%) 2 (5.6%) 2(2.7%) 2.15 0.29 15.89

G 218 (98.2%)
7 0 
(97.2%)

148(98.7%)
0.449 
C NS

0.47 0.07 3.43

T 4 (1.8%) 2 (2.8%) 2(1.3%) 2.11 0.29 15.32

Table 5:
The difference in 287 T>C between positive and negative 
pregnancy was statistically  not significant Codominance  TT 
31(86.1%),70(93.3%) , TC  5(13.9%), 4(5.3%) respectively;( p 
=0.128), Dominan TT 31(86.1%), 70(93.3%) ;( p =0.213), TC+TT 
5(13.9%),5((%6.7%) , Recessive TT+TC 36(100.0%),74(98.7%) 
and CC 0(0.0%) , 1(1.3%) respectively;( p =0.486), Allele T 
67(93.1%),144(96.0%) and C 5(6.9%),6(4.0%) respectively;( p 
=0.344).

Table 6:

Mode 287T>C
Total n = 
1 1 1

Pregnancy 
positive n 
= 36

P r e g n a n c y 
negative n 
= 75

p OR 95% CI

  TT 101(91.0%) 31(86.1%) 70(93.3%) Reference Reference Reference

TC 9(8.1%) 5(13.9%) 4(5.3%)
0.128 C 
N S

2.82 0.71 11.23

CC 1(0.9%) 0(0.0%) 1(1.3%)
0.507 C 
N S

0.75 a

Dominant TT 101(91.0%) 31(86.1%) 70(93.3%)
0.213 C 
N S

0.44 0.12 1.64

TC+TT 10(9.0%) 5(13.9%) 5((%6.7%) Reference

Recessive TT+TC 110(99.1%) 36(100.0%) 74(98.7%) Reference
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CC 1(0.9%) 0(0.0%) 1(1.3%)
0.486 C 
N S

1.47a

Allele T 211(95.0%) 67(93.1%) 144(96.0%)
0.344 C 
NS

0.56 0.16 1.89

C 11(5.0%) 5(6.9%) 6(4.0%) 1.79 0.53 6.08

Table 7:

In addition, in positive and negative pregnancy there was  no 
significant difference 315T>C Codominance  TT 15(41.7%) 
20(26.7%), TC  6(16.7%),426(34.7%) respectively;( p =0.034) and 
CC 15(41.7%), 29(38.7%) respectively;( p =0.425) Dominan CC 
15(41.7%),29(38.7%);( p =0.762), TT+TC 21(58.3%),46(61.3%), 
Recessive CC+TC 21(58.3%),55(73.3%)and TT 15(41.7%) , 
20(26.7%) respectively;( p =0.111), Allele T 36(50.0%),66(44.0%)
and C 36(50.0%),84(56.0%) respectively;( p =0.401).

Table 8:

Mode 315T>C Total=111
p r e g n a n c y 
p o s i ti v e

p r e g n a n c y 
n e g a ti v e P value

OR 0.95

codominant TT 35(31.5%) 15(41.7%) 20(26.7%) Reference Reference Reference

TC 32(28.8%) 6(16.7%) 26(34.7%) 0.034 0.3 0.1 0.9

CC 44(39.6%) 15(41.7%) 29(38.7%) 0.425 0.7 0.28 1.7

dominant CC 44(39.6%) 15(41.7%) 29(38.7%) 0.762 1.13 0.5 2.55

TT+TC 67(60.4%) 21(58.3%) 46(61.3%) Reference

Recessive CC+TC 76(68.5%) 21(58.3%) 55(73.3%) Reference

TT 35(31.5%) 15(41.7%) 20(26.7%) 0.111 0.51 0.22 1.18

C T 102(45.9%) 36(50.0%) 66(44.0%) 0.401 0.79 0.45 1.38

C 120(54.1%) 36(50.0%) 84(56.0%) 1.27 0.72 2.24

Table 9:

In positive and negative pregnancy there was  no significant 
difference in  510T>C   codominant TT  34(94.4%),67(89.3%) 
and TC  2(5.6%), 6(8.0%) respectively;( p =0.616) ,CC 0(0.0%) 
, 2(0.316%) respectively; (P=0.316) , dominant TT 34(94.4%) 
67(89.3%) respectively; (P=0.379),  , TC+CC 2(5.6%) , 8(10.7%) 
, Recessive TT+TC  36(100.0%),73(97.3%) respectively; CC 
0(0.0%),2(2.7%) respectively; (P=0.323)and Allel T 70(97.2%) , 
2(2.7%) , C 2(2.8%)  (P=0.23)

Table 10:

Mode 510T>C Total=111
p r e g n a n c y 
p o s i ti v e

pregnancy 
negative P value

OR 0.95

codominant TT 101(91.0%) 34(94.4%) 67(89.3%) Reference Reference Reference

TC 8(7.2%) 2(5.6%) 6(8.0%) 0.616 0.7 0.13 3.4

CC 2(1.8%) 0(0.0%) 2(0.316%) 0.316 a 2.450

dominant TT 101(91.0%) 34(94.4%) 67(89.3%) 0.379 2.03 0.41 10.09

TC+CC 10(9.0%) 2(5.6%) 8(10.7%) Reference

Recessive TT+TC 109(98.2%) 36(100.0%) 73(97.3%) Reference

CC 2(1.8%) 0(0.0%) 2(2.7%) 0.323 a 0.403

Allel T 210(94.6%) 70(97.2%) 140(93.3%) 0.23 0.4 0.09 1.88

C 12(5.4%) 2(2.8%) 10(6.7%) 2.5 0.53 11.72

Figure (2): Electrophoresis of HOXA-9 samples, agarose concen-
tration 2%, time 60 minutes, 50 volt. 
Discussion
 Gene polymorphism of HOXA-9 in association with pregnancy 
outcome:
In the present study we found no significant association be-
tween pregnancy outcome and the following genetic loci, 276-
277Ains, 430-431Tins, 815-816Tins, 396C>G, 676C>T, 699C>T, 
865G>T, and 287T>C indicating that these changes in nucleo-
tide sequences did not affect gene expression of HOXA9 and 
therefore the endometrial thickness and embryo implantation 
is not going to be affected. However, changes in sequences 
in loci 211-212Tins and 315T>C SNP, TC genotype in co-domi-
nance mode were significant.  We suggest, that the change in 
211-212Tins to be TTA resulted in 4 times higher chance of get-
ting pregnancy because of rise in gene expression of HOXA-9 
leading to higher tissue level and greater growth of endometri-
um and better endometrial receptivity. In addition, we suggest 
that changes in 315T>C SNP in the codominance mode resulted 
in reduction in the expression level of HOXA-9 because of re-
duced chance of pregnancy by 70 % (Odds ratio =0.03) and the 
reduced expression of this gene resulted in lower tissue level of 
HOXA-9 and therefore, the endometrial thickness and receptiv-
ity and implantation were all negatively affected.
Following thorough search in available published articles, no 
previous study has linked the changes in nucleotide sequences 
with pregnancy outcome in women undergoing assisted repro-
ductive techniques, thus this point of our research is original 
and novel. 
References:
1- Hussein, Z. F., Al-Musawi, B. J., Aziz, I. H., & Al-Dujaily, S. S. 
(2018). Role of leukemia inhibitory factor (LIF) gene variation 
on implantation rate following IVF program in PCOS and non 
PCOS women. Iraqi J Biotechnol, 17, 57-67. 



26 Al-Qadisiyah Medical Journal | volume 20 | Issue 1 | January-June 2024

women undergoing intracytoplasmic sperm injection                                                                                            Qad.Med.J. 20 (1): 22–26, 2024

2- Phillips, K., Olanrewaju, R. A., & Omole, F. (2023). Infertil-
ity: evaluation and management. American Family Physician, 
107(6), 623-630. 
3-Tuke  MA, Ruth KS, Wood AR, Beaumont RN, Tyrrell J, Jones 
SE, Yaghootkar H, Turner CLS, Donohoe ME, Brooke AM, Col-
linson MN, Freathy RMet al..  Mosaic Turner syndrome shows 
reduced penetrance in an adult population study. Genet Med 
2019; 21:877–886. [PMC free article] [PubMed] [Google Schol-
ar].
4- Chitiashvili, T., Dror, I., Kim, R., Hsu, F. M., Chaudhari, R., Pan-
dolfi, E., ... & Clark, A. (2020). Female human primordial germ 
cells display X-chromosome dosage compensation despite the 
absence of X-inactivation. Nature cell biology, 22(12), 1436-
1446. 
5-Al-Juaifari, B. J., & Al-Jumaili, E. F. (2020). Correlation of Body 
Mass Index and Some Hormones (Estradiol, Luteinizing, Follicle 
Stimulating Hormones) with Polycystic Ovary Syndrome among 
Young Females [20 to 35 Years]. Biomedical and Pharmacology 
Journal, 13(1), 193-198. 
6- Rivero-Müller, A., & Huhtaniemi, I. (2022). Genetic variants 
of gonadotrophins and their receptors: Impact on the diagnosis 
and management of the infertile patient. Best Practice & Re-
search Clinical Endocrinology & Metabolism, 36(1), 101596. 
  7- Schröder, M. A., & Claahsen-van der Grinten, H. L. (2022). 
Novel treatments for congenital adrenal hyperplasia. Reviews 
in Endocrine and Metabolic Disorders, 23(3), 631-645. 
8-AL-Faisal, A. H. M., Nada, S. M., & Mahood, R. A. H. (2015). 
Micronucleus formation and sister chromatid exchange in fe-
male lymphocytes associated with recurrent spontaneous 
abortion. Iraqi journal of biotechnology, 14(2). 
9- Chen, Q., Zhang, Y., Elad, D., Jaffa, A. J., Cao, Y., Ye, X., & Duan, 
E. (2013). Navigating the site for embryo implantation: biome-
chanical and molecular regulation of intrauterine embryo dis-
tribution. Molecular aspects of medicine, 34(5), 1024-1042.
10-Malysheva, O. V., Molotkov, A. S., Osinovskaya, N. S., Shved, 
N. Y., Yarmolinskaya, M. I., & Baranov, V. S. (2021). Role of WNT4, 
HOXA10 and TWIST1 genes in the pathogenesis of external gen-
ital endometriosis and uterine leiomyoma. Journal of obstetrics 
and women›s diseases, 70(3), 31-40. 
11- Batiha, O., Alahmad, N. A., Sindiani, A., Bodoor, K., Shaaban, 
S., & Al-Smadi, M. (2019). Genetics of female infertility: molec-
ular study of newborn ovary homeobox gene in poor ovarian 
responders. Journal of Human Reproductive Sciences, 12(2), 
85. 
12- Zanatta A, Rocha AM, Carvalho FM, et al. The role of the 
Hoxa10/HOXA10 gene in the etiology of endometriosis and its 
related infertility: a review. J Assist Reprod Genet. 2010;27:701–
710.
13-Al-Rubiay, T. S. J. (2014). Investigation mutations of sex hor-
mones binding globulin (SHBG) gene and androgens levels in 
Iraqi women effected with polycystic ovary syndrome (PCOS) A 
thesis. Baghdad, Iraq: University of Baghdad. ISO 690.
14-Al-Dujaily, S. S., Hussien, Z. F., Aziz, I. H., & Al-Musawi, B. J. 
(2019). Role of Progesterone Associated Protein Gene Variation 
on Implantation Rate Following Ivf Program In Pcos And Non 
Pcos Women. Biochem Cell Arch, 19, 827-33. 
15-NADER, M., & Aziz, I. H. (2014). Molecular Study of Insulin 
Resistance and Polycystic Ovary Syndrome. Iraqi Journal of Bio-
technology, 13(2-2). 
16-Jassim, H. A., Kadhim, S. J., & Alhabbobi, H. (2021). The Asso-
ciation of prolactin receptor gene polymorphism with recurrent 

miscarriage in a sample of Iraqi women. Systematic Reviews in 
Pharmacy, 12(1), 176-179. 
17-AL-Faisal, A.H.M., Nada, S.M. and Mahood, R.A.H. (2015). 
Micronucleus formation and Sister Chromatid Exchange in 
Female Lymphocytes Associated with Recurrent Spontaneous 
Abortion. Iraqi Journal of Biotechnology,14(2): 21-29. 


