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The potential role of HOXA10 and 
HOXA11 in the processes of implanta-
tion and functional regulation of tissues 
of the reproductive tract is recognized, 
however, the causes and consequences 
of expression features are actively dis-
cussed.

The ability to regulate the anatomical 
and functional identity of body segment 
structures by homeobox genes has been 
determined since the period of embryo-

genesis [10]. The relationship between 
the development of anomalies in Hox/
HOX genetic mutations with a violation 
of not only organogenesis, but also the 
regulation of the encoding of transcription 
factors affecting the activity of "down-
stream" genes has been established.

Data on the HOXA genes and their 
probable role for implantation in women 
are insufficient and contradictory. The ex-
pression of HOXA10 in the endometrium 
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An analysis of the effect of HOXA10 and HOXA11 expression in the endometrial stroma of 
late reproductive women with tubal infertility factor on the outcomes of assisted reproductive 
technology (ART) programs was performed. 

There was a tendency to a statistically significant decrease in the expression of HOXA11 in 
the endometrial stroma during effective attempts to treat infertility. 

Using the ROC (Receiver operator characteristic) method of analysis and calculations of the 
area under the ROC curve (AUC), it was found out that favorable levels of HOXA11 expression 
for successful blastocyst implantation and live births in infertile women with their own and donor 
oocytes.
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of adult women occurs during the men-
strual cycle [7], it is more pronounced in 
the functional layer compared to the bas-
al one [18].

The role of HOXA10 and HOXA11 as 
moderators of activation or suppression 
of lower target genes [9] is based on the 
ability to regulate endometrial differentia-
tion and proliferation by binding receptors 
to female sex hormones [4,18]. During 
implantation, the increased expression of 
HOXA mRNA genes is due to the trans-
formation of stroma cells into decidual 
ones [15].

Abnormal expression of HOX genes is 
believed to be the cause of a violation of 
the implantation process, recurrent spon-
taneous abortions, conditions associated 
with infertility (endometriosis-associated, 
unclear genesis, polycystic ovary syn-
drome) [5,10,12,14].

There are reports that an increase in 
the expression of HOXA11 in the endo-
metrium is associated with an increase in 
the frequency of implantation [4,16,21]. 
Indicators of HOXA11 proteins in infer-
tile and fertile women, healthy and with 
gynecological diseases differ in various 
reports [10,11].

The mechanisms of endometrial re-
ceptivity disorders during the "implanta-
tion window" are connected to abnormal 
protein synthesis due to mutations and 
epigenetic abnormalities.

Conclusions about the aberrantly 
high expression of HOXA10 mRNA in 
the fallopian tube mucosa during ectopic 
pregnancy were made by Unlu C. et al. 
(2016) [16]. There were no differences in 
the parameters of HOXA10 and HOXA11 
proteins in the cells of the epithelium and 
stroma of the endometrium during the 
"implantation window" in the groups of 
women whose infertility was associated 
with low ovarian reserve, tubal-peritone-
al factor, endometriosis, except for the 
sample with infertility of unclear genesis 
compared with fertile ones [3].

In other sources, the expression of 
HOXA10 with H-score gradation in the 
groups with recurrent miscarriage and 
implantation failures was lower than in 
the control group, both in the glandular 
epithelium and the endometrial stroma 
[6]. The inconsistency and ambiguity of 
the data concerning the role of HOXA10 
and HOXA11 in the regulation of endo-
metrial receptivity, the assessment of the 
degree of its damage and the effective-
ness of pregravid preparation determined 
the objective of our study.

The aim of the study was to evalu-
ate the effect of HOXA10 and HOXA11 
expression in the endometrial stroma of 
women of late reproductive age with tub-

al infertility factor on the outcomes of ART 
programs.

Material and methods. A prospective 
cohort study included 89 women of late 
reproductive age with tubal-peritoneal in-
fertility who underwent ART programs at 
the Center of Obstetrics and Gynecology 
No. 1 LLC.

The sample included 68 women using 
their own oocytes, 21 – donor ones.

Inclusion criteria for the study: age 36-
44, ovulatory cycle, normozoospermia or 
minor pathozoospermia of the husband 
(donor), embryos of good and excellent 
quality.

Exclusion criteria: infertility associated 
with the absence of ovulation; endometri-
osis, uterine fibroids of four cm or more, 
uterine factor of infertility, HIV infection, 
hepatitis B and C, severe pathozoosper-
mia, systemic diseases; somatic diseas-
es in the stage of exacerbation or decom-
pensation.

Among women using their own oo-
cytes, the first group consisted of 18 
women with the onset of pregnancy, the 
second – 50 women with a negative re-
sult. At the second stage, these women 
were divided according to the live birth 
rate (the frequency of delivery of a live fe-
tus(es) (take-home baby): the third group 
(n=14) – with a favorable outcome of ART 
programs, the fourth (n=54) – with a neg-
ative result.

In the sample using donor oocytes 
in ART programs (n=21), the following 
groups were distinguished: the first group 
consisted of 9 women with the onset of 
pregnancy, the second (n=12) – with a 
negative result. In order to analyze the 
frequency of live births, groups were 
formed: the third (n=6) – with the com-
pletion of ART programs with childbirth, 
the fourth (n=15) – with a negative result. 
The control group consisted of 20 healthy 
women (no chronic gynecological diseas-
es) of reproductive age who applied for 
pregnancy planning.

In the cycles preceding the programs 
of assisted reproductive technologies, 
endometrial sampling was performed by 
aspiration biopsy using a Pipelle cath-
eter during the expected "implantation 
window" (on the 17-25th day of the men-
strual cycle, depending on the ultrasound 
monitoring data and on the 7th day after 
the peak of luteinizing hormone (LH)) (n 
= 89). Pathoanatomic examination of the 
material was carried out in accordance 
with the existing provisions.

An immunohistochemical study of en-
dometrial biopsies was performed using 
standard sets of polyclonal antibodies 
from GeneTex, USA (rabbit polyclonal 
antibodies HOXA10 and HOXA11 recep-

tor). Morphofunctional assessment of the 
endometrium was performed using the li-
censed Morphology 5.2 software. The re-
sults of the reaction of the HOXA10 and 
HOXA11 receptors were identified by cal-
culating in percentage terms the relative 
density of stained endometrial stromal 
cells. Only clinically confirmed pregnancy 
(sonographic presence of the ovum) and 
live births were taken into account. The 
study was approved by the Ethics Com-
mittee of the Federal State Budgetary 
Educational Institution of Higher Educa-
tion "South Ural State Medical University" 
of the Ministry of Health of Russia, it was 
conducted after the prior informed con-
sent of the patients.

All statistical calculations were per-
formed using the licensed statistical soft-
ware package IBM SPSS Statistics v. 22 
(IBM Corp., Armonk, NY, USA). The nor-
mality of the distribution of variables was 
checked taking into account the sample 
size using the Shapiro-Wilk criterion.

The results of the study are presented 
as a median with an interquartile range 
of Me (Q1-Q3). To compare groups by 
qualitative characteristics, Pearson's chi-
square criterion or Fisher's exact crite-
rion were used (in cases of the number 
of cells in which the expected frequency 
was> 0%). The Mann-Whitney U–test 
was used to determine statistically sig-
nificant differences between the two in-
dependent groups. To identify the rela-
tionship between the signs, the Pearson 
and Spearman correlation coefficient was 
calculated, depending on the data distri-
bution variant. To determine the thresh-
old values (cut-off point), a ROC analy-
sis was performed. To build a predictive 
model and estimate the OR (odds ratio), 
we used the method of multiple logistic 
regression, calculated 95% CI (confi-
dence interval) for the OR. The signifi-
cance level (p) when testing statistical 
hypotheses was taken to be p˂0.05.

Research results and discussion.
The duration of the menstrual cycle in 
the sample using own oocytes was 28 
(28;28.5), donor – 28 (28;29) (p=0.771) 
without statistical differences (p>0.05). 
The endometrium of all patients (n=89) 
taken on the seventh day after confirmed 
ovulation, when stained with hematoxylin 
and eosin, corresponded to the stage of 
the secretion phase.

The pregnancy rate (PR) in the group 
of patients with their own oocytes in ART 
programs was 26.5% (n=18). The live 
birth rate in the group of patients with 
their own oocytes in ART programs was 
21.7% (n=14).

In the group of women with the onset 
of pregnancy using their own oocytes in 
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IVF/ICSI protocols, a tendency to a de-
crease in the expression of HOXA10 and 
HOXA11 was revealed (Table 1).

The level of HOXA11 expression in 
stroma cells was statistically significantly 
lower in the group with pregnancy than in 
the group with ineffective attempts to treat 
infertility in ART programs (p=0.001).

The analysis of the frequency of live 
births in the sample showed the correla-
tion of favorable outcomes of IVF/ICSI 
protocols with a lower HOXA11 expres-
sion in the endometrial stroma (p=0.006). 
No such connection was found for 
HOXA10 (p=0.623).

Using the method of ROC analysis 
and calculations of the area under the 
ROC curve (AUC), the prognostic signif-
icance of the expression of the HOXA10 
and HOXA11 homeobox proteins in the 
endometrium was assessed in relation to 
the outcomes of ART programs (Figure 
1).

The threshold value of HOXA11 ex-
pression in endometrial stroma cells af-
ter successful implantation (group 1) at 
the cut-off point was equal to 6.1%. At a 
parameter value of ≤6.1%, the endome-
trium was characterized as favorable for 
implantation.

The sensitivity and specificity of the 
method were 80.0% and 73.0%, respec-
tively. It was found that an increase in the 
expression of HOXA11 in stromal cells by 

1% reduces the probability of a decrease 
in implantation by 1.6 times.

The AUC values of HOXA10 expres-
sion in the endometrium turned out to be 
statistically insignificant, which makes it 
impossible to calculate the prognostic 
coefficients of the onset of implantation 
(Table 2).

The importance of using HOXA11 ex-
pression in endometrial stromal cells as 
a marker of the effectiveness of IVF/ICSI 
programs is shown.

In women with ART programs that 
ended in live fetal delivery (group 1C), the 
AUC of HOXA 11 expression in the endo-
metrial stroma was statistically significant 
(p=0.005). The value of the HOXA 11 ex-
pression threshold parameter in the stro-
mal cells of the endometrium, prognos-
tically favorable for live birth, was equal 
to the same threshold parameter with a 
favorable prognosis for implantation and 
amounted to 6.1%. With an expression of 
less than 6.1%, the endometrium is char-
acterized as favorable for the prognosis 
of live birth. The sensitivity and specificity 
of the method were 80% and 63%, re-
spectively.

The nature of HOXA10 and HOXA11 expression in the sample using own oocytes.
Me (Q1; Q3)

Gene
Groups

pI (n=18) II (n=50) III (n=14) IV (n=54)

HOXA10 6.2
(3.7;9.4)

7.2
(3.8;8.2)

7.6
(5.2;8.3)

6.0
(3.6;9.3)

p 1-2= 0.754
p 3-4= 0.623

HOXA11 5.1
(4.3;6.1)

7.4
(5.4;8.7)

5.0
(4.3;6.1)

7.1
(5.3;8.7)

p 1-2= 0.001
p 3-4= 0.006

Table 1

Fig. 1. ROC-curve of the relationship between HOXA11 expression in endometrial stroma cells 
and A. implantation and B. live birth in patients with their own oocytes in IVF/ICSI cycles 

Area under the ROC-curve (AUC) for the prognosis of implantation and live birth
in patients with their own oocytes in IVF / ICSI cycles

Gene AUC for the implantation 
prognosis

AUC for the live 
birth prognosis

confidence interval 
(СI)95% p

HOXA10 0.525±0.074 0.462±0.074 0.380-0.670
0.316-0.608

p 1= 0.735
p 2= 0.666

HOXA11 0.767±0.064 0.744±0.071 0.642-0.892
0.567-0.849

p 1= 0.000
p 2= 0.005

Table 2

Expression of HOXA10 and HOXA11 in women with different outcomes
of ART programs using donor oocytes

Gene Groups pI (n=9) II (n=12) III (n=6) IV(n=15)

HOXA10 7.5
(3.7;7.9)

8.9
(3.5;10.8)

7.6
(6.6;8.5)

7.0
(3.6;9.7)

p 1-2= 0.320
p 3-4= 0.938

HOXA11 5.1
(4.1;5.8)

8.6
(6.6;10.0)

5.2
(4.8;5.8)

7.6
(5.9;9.2)

p 1-2= 0.001
p 3-4= 0.043

Table 3

Area under the ROC-curve (AUC) of endometrial expression of HOXA10
and HOXA11 in women with donor oocytes in ART programs for the prognosis

of implantation and live birth

Gene AUC for the 
implantation prognosis

AUC for the live birth 
prognosis

Сonfidence interval 
(СI) 95% p

HOXA10 0.630±0.130 0.489±0.125 0.243-0.734
0.375-0.884

p 1= 0.938
p 2= 0.320

HOXA11 0.917±0.067 0.789±0.103 0.785-1.000
0.586-0.991

p 1= 0.001
p 2= 0.043

Table 4
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The pregnancy rate (PR) in the group 
of patients with donor oocytes in ART 
programs was 42.9% (n = 9). The live 
birth rate in women using donor oocytes 
was 30% (n = 6). Table 3 shows the ex-
pression of the studied immunohisto-
chemical markers at different outcomes 
of ART programs in patients with donor 
oocytes.

The analysis of the positive outcomes 
of ART programs (pregnancy rate) using 
donor oocytes showed a lower expres-
sion of HOXA10 and HOXA11 in the en-
dometrial stroma at the pregravid stage. 
The HOXA11 index was statistically sig-
nificantly lower compared to HOXA10.

Cases of pregnancy termination with 
live births also occurred predominantly in 
women with a lower HOXA11 value (p = 
0.043). The results of the ROC analysis 
are shown in Table 4.

The AUC of HOXA11 expression in 
endometrial stromal cells is statistically 
significant for implantation and live birth 
in women with donor oocytes in ART pro-
grams. 

The threshold value of HOXA11 ex-
pression in endometrial stroma cells at 
the cut-off point, indicating a high proba-
bility of implantation in women with donor 
oocytes in ART programs, was 6.4%. The 
sensitivity and specificity of the method 
were 100.0% and 83.0%, respectively.

The probability of live birth in the group 
of women using donor oocytes increased 
at the threshold value of HOXA11 ex-
pression in endometrial stroma cells at 
the cut-off point of 5.8% (p = 0.043). The 
sensitivity and specificity of the method 
were 83.0% and 80.0%, respectively.

Discussion. Low levels of HOXA11 
expression in stromal cells of the pre-
gravid endometrium corresponded to a 
higher probability of implantation and 
live birth in a sample of women with their 
own and donor oocytes in IVF/ICSI pro-

grams. Calculations using ROC analysis 
confirmed the prognostic significance of 
HOXA11.

The low informative value of HOXA10 
as a marker of implantation can be inter-
preted from the standpoint of observa-
tions by other authors who noted a de-
crease in HOXA10 mRNA in the middle 
phase of secretion in the endometrium of 
infertile women with hydrosalpinx, as op-
posed to fertile ones. Salpingectomy, on 
the contrary, led to a significant 15-fold 
increase in the expression of HOXA10 in 
the glandular epithelium and endometrial 
stroma in comparison to the preoperative 
index [13].

The lack of involvement in the regu-
lation of HOXA10 protein implantation, 
identified by other authors [2], suggests 
the influence of the genotype on the 
"downstream" genes. Previous observa-
tions showed the absence of implantation 
during embryo transfer to mice with the 
Hoxa10 genotype (-/-), with hemorrhage 
and tissue disorganization [1]. Probably, 
such changes are associated with insuffi-
cient decidualization of the endometrium.

The lowest HOXA11 values in the 
group of women with live births with their 
own and donor oocytes in IVF/ICSI pro-
grams corresponded to the creation of 
optimal conditions for pregnancy, but the 
lack of similar observational experience 
in the literature indicates the need for fur-
ther research.

Conclusions: The assessment of 
HOXA11 expression in endometrial stro-
mal cells is informative for predicting the 
probability of implantation and live birth in 
women of late reproductive age with tub-
al-peritoneal infertility in ART programs. 
For successful blastocyst implantation in 
women with their own and donor oocytes, 
favorable HOXA11 expression levels 
are <6.1% and <6.4%, respectively; live 
births – <6.1% and <5.8%, respectively.
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N.A. Lebedeva, M.A. Diab Hassan, A.S. Machalov, I.I. Gogolev, 
N.R. Ilyina, D.S. Tomin, V.V. Karpov
COCHLEAR IMPLANTATION
IN THE REPUBLIC SAKHA (YAKUTIA)

The article presents a statistical analysis of children’s composition after cochlear implantation carried out in Otorhinolaryngology Department 
of Pediatric center of Republican Hospital No1 National Medical Center in the period from 2017 to 2019. The results of hearing and speech re-
habilitation were obtained according to the scale for assessing the prospects of using children’s cochlear implantation and categories of hearing 
perception were defined as well. 

Keywords: cochlear implantation, otorhinolaryngology, audiology, rehabilitation, hearing, speech.
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Introduction. The ability to perceive 
sound is one of the important features of 
the human body, which allows us to fully 
cognize the picture of the world around 
us. Hearing loss or congenital inability 
to hear in childhood patients is a seri-
ous burden not only in their socialization, 
but also in the learning process. [11] At-
tempts to restore hearing have been ac-
tively undertaken since the middle of the 
20th century. [10]

The ability to restore hearing function 
in deaf people using direct electrical stim-
ulation of the afferent fibers of the audi-
tory nerve with a multichannel electrode 
system has become one of the most im-
portant achievements of medical science 
today. [4, 12] Cochlear implantation (CI) 
is the only method of treating patients 
with total deafness, which functionally 
provides intelligible speech perception. 
[7, 12] The regulatory document that con-

trols the selection of candidates for sur-
gery is the instructional material approved 
by the letter of the Ministry of Health of 
the Russian Federation of 15.06.2000 
No. 2510 / 6642-32 "On the implementa-
tion of criteria for the selection of patients 
for cochlear implantation, methods of 
preoperative examination and prediction 
of effectiveness rehabilitation of implant-
ed patients”. The main selection criterion 
for CI is damage to the majority of hair 
cells. The selection of children is carried 
out in accordance with the division of 
patients into the pre-lingual and post-lin-
gual categories, which have an important 
prognostic value. [5] For early diagnosis 
of hearing loss in the Russian Federa-
tion, universal audiological screening of 
newborns and children of the first year of 
life is carried out, including registration 
of otoacoustic emission and short-laten-
cy auditory evoked potentials. [1, 3] The 
optimal hearing and speech result in CI, 
in children with congenital deafness and 
hearing loss in the first year of life, can 
be achieved before the age of 3 years, 
the minimum recommended age is 6-12 
months. [5, 8]

As part of the implementation of the 
decree of the Head of Sakha Repub-
lic (Yakutia) dated August 22, 2016 No. 
1372 "On measures to improve high-tech 
types of medical care and innovative 
treatment methods in Sakha Republic 
(Yakutia)", as well as the signing of a Co-
operation Agreement between the Minis-
try of Health of Sakha Republic (Yakutia) 
(Minister Okhlopkov M.E.) and Feder-
al State Budgetary Institution ‘National 
Medical Research Center otorhinolaryn-
gology of the Federal Medical and Bio-
logical Agency’ of Russia (director Daihes 
N.A.) in 2017 for the first time performed 

cochlear implantation operations in chil-
dren aged 1 to 2 years. Since 2018, on 
the basis of Republican hospital No1 Na-
tional center of medicine, a specialized 
day hospital has been put into operation 
to configure and replace the CI speech 
processors. [9, 13] 

After the operation and connection 
of the implant, a telemetry session and 
speech processor (SP) settings are con-
ducted in the Day Hospital of Republican 
hospital No1 National center of medicine 
at the appointed time. An integrated ap-
proach to hearing and speech rehabili-
tation is observed, in addition to classes 
with a teacher of speech rehabilitation, 
speech therapist, psychotherapist, chil-
dren additionally study at home, accord-
ing to the recommendations of special-
ists, with weekly video reports from their 
parents. [1, 2, 6]

The study of the obtained results of 
hearing and speech rehabilitation in chil-
dren is currently very relevant.

Purpose of the study: to determine 
the effectiveness of hearing and speech 
rehabilitation of children after cochlear 
implantation, performed on the basis of 
the ENT department of Republican hos-
pital No1 National center of medicine for 
the period 2017-2019.

Materials and methods. The study 
was carried out according to the medical 
records of an inpatient patient and data 
from the workflow automation system for 
medical institutions, based on the Day 
Hospital and ENT department of Re-
publican hospital No1 National center of 
medicine from 2017 to 2019. The work is 
in accordance with the ethical principles 
of conducting scientific medical research 
with human participation. The parents 
of each patient signed an authorization 
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