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Fifty-one liver tissue biopsies of full-term stillbirths from HIV-mono-infected
mothers were investigated. All morphometric indices of non-parenchymal liver
cells were calculated using the Avtandilov microscopic morphometric grid, which
consisted of 100 equidistant points. It was inserted into the microscope ocular
tube with a total X 200 microscope magnification. The number of points that
were found in the corresponding types of non-parenchymal liver cells determined
by immunohistochemistry was calculated. In each case, 10 random microscopic
areas were selected and then all data were obtained, calculated and presented as
percentages. Morphometric indices of non-parenchymal liver cells: Kupffer cells —
28.3+£2.9% {[control — 21.2 =2.5}, hepatic stellate cells — 14.1 =1.4% {[control —
9.8 £1.21, LAL (liver-associated lymphocytes): CD4 —29.2 *£2.2% [control —43.3
+4.91, CD8 — 25.3 =£1.9% [control — 23.1 *£1.71, dendritic cells — 3.9 =0.3%
[control — 2.6 £0.3]. It was established that at the time of the birth of children
from HIV-mono-infected mothers the Kupffer cells showed signs of their prolifera-
tion and liver-associated CD4 lymphocytes showed signs of their reduction; hepatic
stellate cells showed signs of their proliferation and hyperactivation; dendritic liver
cells showed signs of their proliferation.

Key words: HIV, liver, Kupffer cells, hepatic stellate cells, liver-associated lym-

phocytes.

Introduction

HIV infection is a very serious problem nowadays
and it requires an enormous number of resources to
resolve it in all countries around the world. Any sci-
entific research and any scientific data about HIV
infection attracts a lot of attention from the medical
scientific community, the press, and governmental
structures. HIV affects all levels of the population as
well as people of any gender and any age, including
fetuses and newborns from HIV-infected mothers.

Nowadays, according to the Official Bulletin
of the Joint United Nations Programme on HIV
and AIDS (UNAIDS) in 2018, there are 36.9 mil-

lion (31.1-43.9 million) people living with HIV in
the world; 35.1 million (29.6-41.7 million) are adults
and 1.8 million (1.3-2.4 million) are children under
the age of 15. The number of HIV-positive women
over the age of 15 is 18.2 million (15.6-21.4 mil-
lion). In 2018, there were 240 000 (230-260 000)
HIV-positive people living in Ukraine, including
5000 (4500-5900) children under the age of 15.
The number of HIV-positive women over the age
of 15 is 110 thousand (100-120 thousand) {1, 21.
Considering the fact that adults are the predom-
inant group among HIV-infected patients, there is
a clear lack of data about newborns and children from
HIV-infected mothers in the scientific literature.
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Considering the specificity of the interaction between
HIV and the body, researchers study the lympho-re-
ticular system and opportunistic infections in HIV-in-
fected children mostly {3]. The liver is a complex
and multifaceted organ that performs many differ-
ent tasks, which, as many researchers have shown in
adult HIV-infected patients, is an important target-
ing structure for HIV {4, 5}. The scientific literature
describes the development of hepatomegaly in fetus-
es and newborns from HIV-infected mothers {6}, but
with no detailed analysis of liver structures and how
they are involved in the pathological process. There-
fore, the study of the condition of non-parenchymal
liver cells of stillbirths from HIV-infected mothers is
an important problem that needs resolution.

The goal of this study is to investigate the morpho-
logical features of non-parenchymal liver cells of full-
term stillbirths from HIV-mono-infected mothers
with further provision of the data to the scientific
community and practitioners to optimize the process
of diagnosis of liver disease in children, and further,
to establish whether the HIV infection in pregnancy
has an impact on the fetal liver, creating a higher risk
of chronic liver pathology in the post-natal period
of life. The HIV-infected women have to take that
fact into consideration while planning their future
pregnancy. Moreover, it will give clinicians a reason
to start the supportive therapy immediately after
children’s birth from HIV-mono-infected mothers
with further significant improvement of the quality
of life and prognosis.

Materials and methods

The study investigated 51 liver tissue biop-
sies of full-term stillbirths from HIV-mono-infect-
ed mothers (group NO) and 45 liver tissue biopsies
of healthy, full-term newborns from healthy mothers
with physiological pregnancy (group K). To determine
the sample size for each group and estimate a con-
tinuous average outcome variable in a single popu-
lation the following formula was used: n = (Zo/E)?,
where Z is the value from the standard normal dis-
tribution reflecting the confidence level that will be
used (Z = 1.96 for 95%), o is the standard deviation
of the variable outcome (6 = 6) and E is the desired
margin of error (E = 2). According to this formula
the minimum number of subjects required to ensure
that the margin of error in the confidence interval for
W does not exceed E is 35.

The gestation period in all cases was 37-40 weeks.
In all cases, children died as a result of premature
detachment of the normally located placenta during
delivery or severe traumatic brain injury due to
an abnormally quick and intensive delivery process
(physical trauma during childbirth). To determine
the HIV status of children from HIV-mono-infected
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mothers, a molecular genetic method for the deter-
mination of viral RNA by PCR is used only 6 weeks
after the birth. As all the children in our study group
from HIV-mono-infected mothers were stillborn,
their HIV status was not determined. Examination
of the autopsy material was carried out in accordance
with the requirements of the “Instructions for autop-
sies” (Order of the Ministry of Health of Ukraine No.
6/17.01.1995), in accordance with the requirements,
norms and standard provisions on ethics of the Min-
istry of Health of Ukraine No. 690/23.09.2009, and
in accordance with the “Instructions for the removal
of biological objects from the dead, whose bodies are
the subject of forensic and pathological research for
scientific purposes” (2018). The material had been
collected during 1998-2018 period at Odessa and
Dnipro regional pathological anatomy bureaus.

To avoid any misinterpretations of the obtained
results and reduce the influence of confounding fac-
tors, we carefully selected healthy and HIV-mono-
infected mothers analyzing the various data from
the official medical documents with a standard
questionnaire and measurements in them (form No.
096/0: “The history of pregnancy and childbirth”;
Order of the Ministry of Health of Ukraine No.
29/21.01.2016). According to the data in the offi-
cial medical documents, we carefully selected women
who had almost identical age, socioeconomic back-
ground, lifestyle, habits, and health condition within
their own study groups. The average age of healthy
mothers was 29.0 *=3.9 (25.0-34.0). They were
women of normal and stable socioeconomic back-
ground. They planned their pregnancy and attended
doctors for routine check-up during pregnancy. They
did not have any bad habits or health problems.
The average age of HIV-mono-infected mothers was
26.0 £4.1 (22.0-30.0). They were women of low
socioeconomic background, who did not plan their
pregnancy, had never been examined before, and had
never attended any doctors during pregnancy. All
women became aware of their HIV-positive status ei-
ther shortly before or immediately after delivery and
refused to receive antiretroviral therapy. All of those
women received officially confirmed HIV mono-in-
fection status without any clinical manifestations
of AIDS (CD, > 200 cells/ml and VL {viral load}
< 400 copies/ml in all cases) and without any other
co-infections or comorbid health problems. During
pregnancy and delivery, all women were not drug
addicted, did not consume a large amount of alcohol
and had a permanent residence.

For morphological investigation the liver piec-
es were fixed in 10% neutral formalin solution, and
then the material was subjected to a standard proce-
dure with alcohols of gradually increasing concentra-
tion, Nikiforov liquid (96% alcohol and diethyl ether
in ratio of 1 : 1), chloroform, and then embedded in
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paraffin blocks. Then numerous serial slices 3-5 mm
thick were prepared, using the Microm HM-340
microtome. For general microscopic investigation,
the slices were stained with hematoxylin and eosin
and then were carefully studied using a BX43 optical
microscope (Olympus Corporation, Tokyo, Japan).

Immunohistochemical data of non-parenchymal
liver cells were collected using the indirect immu-
noperoxidase assay. The positive signals (positive ex-
pression in the form of a brown color) were measured
using a microscopic Avtandilov microscopic mor-
phometric grid, which consisted of 100 equidistant
points. The grid was inserted into the microscope
ocular tube with a total X200 microscope magni-
fication. The number of points that were found in
the corresponding types of non-parenchymal liver
cells was calculated. In each case, 10 random mi-
croscopic areas were selected and then all data were
obtained, calculated and presented as percentages.
Also, this standardized quantitative method made it
possible to demonstrate the fact and estimate the lev-
el of cell proliferation/reduction, comparing the re-
ceived data of non-parenchymal liver cells with each
other in all study groups {71.

To assess the level of expression of Kupffer cells,
antibodies were used against human CDG68 macro-
phages (1 : 100, DAKO Biotechnology Co., Ltd,
Denmark). The blocks were heated for 60 minutes
at 60°C, deparaffinized with xylene and washed in
alcohols with gradually decreasing concentration.
After extracting the antigen by heat (in a micro-
wave oven with a citrate buffer for 20 minutes),
trypsin (0.1% trypsin solution with phosphate buf-
fer saline for 30 minutes at 37°C) and proteinase K
(10 pg/ml proteinase K with Tris-HCI {pH 7.5} for
15 minutes), tissue slices were treated with 3% H,O,
solution with phosphate-buffered saline to block en-
dogenous peroxidase and in 5% skim milk solution
with phosphate-buffered saline to block nonspecific
reactions. The slices were incubated with primary
antibodies overnight at 4°C followed by secondary
antibody treatment. Finally, the slices were stained
using diaminobenzidine followed by hematoxylin
contrast.

Anti-o-SMA antibodies (1 : 100, DAKO Bio-
technology Co., Ltd, Denmark) were used to eval-
uate the level of hepatic stellate cell expression.
The blocks were heated for 60 minutes at 60°C,
then deparaffinized with xylene and washed in al-
cohols with gradually decreasing concentration.
Exposure to antigenic sites was performed by incu-
bation in a solution of citrate buffer with pH 6 in
a microwave oven (3 cycles lasting 5 minutes each).
A 0.3% solution of H,O, with methanol was used to
block endogenous peroxidase activity and then nor-
mal serum was used to block nonspecific antigens.
The slices were incubated with primary antibodies

diluted according to the manufacturer’s recommen-
dation (1 : 100) overnight at 4°C. Finally, the slices
were stained using diaminobenzidine followed by
hematoxylin contrast.

Appropriate monoclonal antibodies (CD4 clone
OPD4 M834 and CDS8 clone OPDS8 M7103, DAKO
Biotechnology Co., Ltd, Denmark) were used to as-
sess the expression level of liver-associated T lympho-
cytes (LAL) CD4 and CD8. The blocks were heated
for 60 minutes at 60°C, then deparaffinized with xy-
lene and washed in alcohols with gradually decreas-
ing concentration. Thereafter, 3% H,O, solution was
used to block endogenous peroxidase. Incubation
with primary antibodies to CD4 and CD8 (dilution
1 : 1000 and 1 : 50 respectively) was performed
overnight and then biotinized anti-mouse antibodies
were added for 15 minutes at 37°C. Peroxidase-la-
beled streptavidin-biotin complex was then added for
15 minutes at 37°C. Finally, the slices were stained
using diaminobenzidine followed by hematoxylin
contrast.

The monoclonal antibodies against CDla
(GM357104, clone 010, DAKO Biotechnology Co.,
Ltd, Denmark) were used to assess the expression
level of dendritic cells. The blocks were heated for
60 minutes at 60°C, then deparaffinized with xylene
and washed in alcohols with gradually decreasing
concentration. Antigens were obtained using citrate
buffer (pH 6.0) in a microwave oven for 5 minutes.
Thereafter, 3% H,O, solution was used to block en-
dogenous peroxidase. Incubation with primary an-
tibodies to CD1a (dilution 1 : 100) was performed
overnight and then biotinized anti-mouse antibodies
were added for 15 minutes at 37°C. Peroxidase-la-
beled streptavidin-biotin complex was then added for
15 minutes at 37°C. Finally, the slices were stained
using diaminobenzidine followed by hematoxylin
contrast.

The slides were studied using a BX43 optical mi-
croscope (Olympus Corporation, Tokyo, Japan). Sta-
tistical processing of the results was performed using
the standard statistical software package STATISTI-
CA 10.0 and MS Excel. The arithmetic mean (M) and
standard error of the mean (m) were calculated from
the obtained data. The Mann-Whitney U-test was
used to assess the significance of differences between
the groups.

Results

Microscopically, normal beam-radial structure,
normal sinusoids and central veins, and few small
foci of extra medullary hematopoiesis were registered
in the liver of group K. Hepatocytes had a slightly
granular eosinophilic cytoplasm and round basophilic
nuclei.
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Fig. 1. Liver of a child (group K). Kupffer cells (CD68)
in the sinusoids with round shapes and large round nuclei
(arrows). Indirect immunoperoxidase assay, magnification
400X
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Fig. 3. Liver of a child (group K). Numerous liver-associ-
ated CD4 lymphocytes in the portal tract (arrow). Indirect
immunoperoxidase assay, magnification 400X

Fig. 2. Liver of a child (group K). Hepatic stellate cells
(a-SMA) in the Disse spaces along sinusoids with elongated
shapes and oval nuclei (arrows). Indirect immunoperoxi-
dase assay, magnification 400 X

Fig. 4. Liver of a child (group K). Single dendritic cells
(CD1a) in the sinusoids (arrows). Indirect immunoperoxi-
dase assay, magnification 400 X

Fig. 5. Liver of a child (group NO). Increased number
of large Kupffer cells (CD68) in the sinusoids (arrows). In-
direct immunoperoxidase assay, magnification 400 X
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Fig. 6. Liver of a child (group NO). Multiple activated he-
patic stellate cells (a-SMA) in the Disse spaces along sinu-
soids with elongated shapes and oval nuclei (arrows). Indi-
rect immunoperoxidase assay, magnification 200 X
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Fig. 7. Liver of a child (group NO). Liver-associated CD4
lymphocytes in the portal tract with large nuclei (arrow).
Indirect immunoperoxidase assay, magnification 400 X

Microscopically, fuzzy beam-radial structure, and
significant blood congestion in the sinusoids and cen-
tral veins were registered in the liver of group NO.
Also, multiple foci of extramedullary hematopoie-
sis were detected throughout the liver parenchyma
and small focal lymphoid infiltrates near sinusoids.
Hepatocytes had foamy eosinophilic cytoplasm and
hyperchromic nuclei. Also, multiple binucleated he-
patocytes were revealed in all fields of view. The peri-
portal hepatocytes contained numerous small drop-
lets of fat vacuoles.

Along the sinusoids in the liver of group K,
mainly in the periportal zones, a small amount
of Kupffer cells (CD68) that had round shapes
and round nuclei was detected (Fig. 1). Also, in
the Disse spaces a few hepatic stellate cells (a-SMA)
that had elongated shape were detected (Fig. 2).
Numerous liver-associated CD4 and CD8 lympho-
cytes were detected in the portal tracts (Fig. 3) and
single dendritic cells (CD1a) were detected along
the sinusoids (Fig. 4).

Along the sinusoids in the liver of group NO
numerous small Kupffer cells (CD68) were found
throughout the whole liver tissue that had round
shapes and were situated either as single cells or as
small groups around hepatocytes, which showed
signs of cell death (Fig. 5). Also, pronounced pro-
liferation of activated hepatic stellate cells (a-SMA)
was registered throughout the whole liver tissue in
the Disse spaces along the sinusoids. The hepatic
stellate cells were large, elongated in length and had
multiple processes, and often formed small focal clus-
ters that were seen more distinctively when using mi-
croscope magnification 200X (Fig. 6). In the portal
tracts a few liver-associated CD4 (Fig. 7) and CDS8
lymphocytes and a few dendritic cells (CD1a) along
the sinusoids (Fig. 8) were found.

Fig. 8. Liver of a child (group NO). Single dendritic cells
(CD1a) in the sinusoids with hyperchromic nuclei (arrows).
Indirect immunoperoxidase assay, magnification 400 X

Table I. Morphometric indices of non-parenchymal liver
cells of children from HIV-infected mothers and children
of the control group (M £m)

CELLS STUDY GROUP
K NO

Kupfter cells (CD,), % 21.2 =25 28.3 £2.9%*
Hepatic stellate cells 9.8 1.2 14.1 =1.4%
(0-SMA), %
LAL:

CD4, % 43.3 4.9 29.2 £2.2%

CDS8, % 23.1 £2.7 253 *£1.9
Dendritic cells, % 2.6 £0.3 3.1 0.2

p < 0.05 compared to similar indices of group K.

Morphometric indices of non-parenchymal liver
cells of children from HIV-infected mothers and chil-
dren of the control group are presented in Table I.

Discussion

The non-parenchymal liver cells, such as Kupffer
cells, hepatic stellate cells, dendritic cells and liver-as-
sociated lymphocytes, are involved in immunological
surveillance within sinusoids, control of the inflam-
matory response and regulation of fibrogenesis.

Numerous studies of the liver of HIV-infected
adult patients showed that the number of Kupffer
cells significantly decreases in the liver over time,
which significantly reduces the ability of the liver to
excrete microbial translocation products from portal
blood flow {8}. Moreover, HIV-infected macrophages/
monocytes secrete an increased amount of transform-
ing growth factor-beta (TGF-B), which in turn acti-
vates the hepatic stellate cells with the subsequent de-
velopment of liver fibrosis [91. In this study, as can be
seen in Table I, it was found that at the time of birth
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of children from HIV-infected mothers (group NO)
Kupfer cells in the liver increased by 7.1% compared
to controls (p < 0.05), indicating the presence of liv-
er damage on the one hand and good cellular immu-
nity as a compensatory reaction on the other hand.
It also may indicate that increased numbers of mac-
rophages in the liver of children from HIV-mono-in-
fected mothers might increase the risk of liver fibrosis
by increasing the number of activated hepatic stellate
cells, which in turn activate fibrogenesis.

Activation of hepatic stellate cells is a key point in
the process of initiation of liver fibrogenesis. Hepatic
stellate cells can be activated by cellular components
released from damaged hepatocytes; increased accu-
mulation of lipids; secretion of reactive oxygen spe-
cies produced by macrophages; exposure to various
cytokines produced by macrophages, lymphocytes
and endothelial cells (TNF-a, PDGF, IL-1B, osteo-
pontin, EGF, TGF-p) {10, 11, 12}. When the liver
is damaged, the hepatic stellate cells become rapidly
activated and trans-differentiated into proliferative,
contractile and myofibroblast-like cells. Moreover,
activated hepatic stellate cells are able to proliferate,
migrate, initiate the process of fibrogenesis and, if
the pathogenic stimuli persist, maintain themselves
in a permanently activated state {13}. This study
presented the morphometric analysis of a isotype
of smooth muscle actin (a-SMA), which is expressed
by activated hepatic stellate cells of children from
HIV-infected mothers {14]. As can be seen from
Table I, by the time of birth of children from HIV-
infected mothers (group NO), the number of activat-
ed hepatic stellate cells increased by 4.3% compared
to the control group (p < 0.05). The activated he-
patic stellate cells produce a lot of pro-inflamma-
tory and pro-fibrogenesis cytokines {15}, which
significantly increases the risk of liver fibrosis in
the future. In addition, studies have shown that,
like dendritic cells, HIV-infected stellate cells can
serve as a reservoir and transmit the virus to CD4
lymphocytes. The stellate cells localize beneath
the fenestrated endothelium of the sinusoidal cap-
illaries of the liver and interact directly with T lym-
phocytes [16}. Also, HIV-infected stellate cells can
infect adjacent hepatocytes, thereby initiating their
damage and apoptosis {17}.

The main liver-associated lymphocytes (LAL) in
the stroma of the liver are CD4 and CD8 lympho-
cytes, which perform immunological surveillance in
the liver { 18}. As in the blood plasma of HIV-infected
people, the number of CD4 lymphocytes in the liver
becomes progressively low. In the children of group
NO, the number of CD4 lymphocytes in the liver
decreased in comparison to the control by 14.1%.
However, the number of CD8 lymphocytes in the liv-
er increased, albeit non-significantly, in comparison
to the control (p > 0.05). Thus, progressive HIV-
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induced death of CD4 lymphocytes occurs not only
in the blood plasma but also in the lymphoid organs,
which can also be attributed to the liver, thereby lead-
ing to “immune paralysis” of the liver, which creates
the conditions for its further damage. HIV-infected
CD4 lymphocytes may also play a role in the devel-
opment of liver fibrosis. Patients with HIV/hepatitis
C co-infection have been shown to have hepatitis
C- and HIV-infected CD4 lymphocytes in the liver.
At the same time, HIV-infected CD4 lymphocytes
were more functionally active than hepatitis C-in-
fected CD4 lymphocytes, which suggested that they
could be more actively involved in the activation
of hepatic stellate cells and the promotion of liver
fibrosis [19].

Dendritic cells of the liver can serve as reservoirs
for HIV infection, because they express the target-
ing receptors for CCRS and CXCR4 on their surfaces,
and can infect adjacent CD4 lymphocytes {20, 21}.
In this study the number of dendritic cells increased
non-significantly at the time of birth of children from
HIV-infected mothers (group NO; p>0.05). Consid-
ering the fact that the dendritic cells are antigen-pre-
senting cells, their increasing number (proliferation)
in the liver of children from HIV-infected mothers
may indirectly indicate the presence of effective HIV
infection.

Conclusions

1. At the moment of birth of children from
HIV-infected mothers the Kupffer cells showed
signs of their proliferation (Kupffer cells: [K —
21.2 £2.5%; NO — 28.3 =2.9} and the liver-as-
sociated CD4 lymphocytes showed signs of their
reduction: {K —43.3 £4.9%; NO — 29.2 =2.2}).

2. At the moment of birth of children from HIV-in-
fected mothers, hepatic stellate cells showed signs
of their proliferation and hyperactivation (K —
9.8 +1.2%; NO — 14.1 +1.4}).

3. At the moment of birth of children from HIV-in-
fected mothers, dendritic liver cells showed signs
of their proliferation (K — 2.6 £0.3%; NO —
3.1 =£0.2}).

The prospect of further research. Since non-pa-
renchymal liver cells, such as hepatic stellate cells,
Kupfter cells, and dendritic cells, are directly relat-
ed to the initiation of liver fibrosis, further investi-
gation of the indices in the liver stromal component
of children from HIV-infected mothers will allow us
to understand more deeply the pathogenesis of liver
fibrosis that is induced by HIV infection.
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