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Underexpression of endothelial nitric oxide synthase leads to
more severe pulmonary complex vascular lesions associated
with HIV patients

La baja expresion de oxido nitrico sintetasa provoca mayor severidad en las lesiones
vasculares complejas asociadas al VIH
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Abstract

Background: Despite increase in survival of human immunodeficiency virus (HIV) patients due to highly active antiretroviral
therapy, non-infectious complications are still prevalent such as presentation of lung vasculopathy, even in asymptomatic
patients. Endothelial nitric oxide synthase (eNOS) is necessary to produce nitric oxide that causes pulmonary endothelial
vasodilation. Participation of this protein in the pulmonary circulation in HIV patients has not been elucidated. This work
studied the presence and expression of eNOS in pulmonary complex vascular lesions associated with HIV (PCVL/HIV).
Methods: In lung tissues from patients who died from complications of HIV, we used immunohistochemistry and immune
chemiluminescence (imageJ) to determine the different degrees of expression of eNOS in PCVL-HIV in comparison with non-
PCVL/HIV. Reagents used were anti-eNOS and an automated system. All data are presented as mean and standard devia-
tion. Differences were analyzed with Wilcoxon; p < 0.05 was accepted as statistically significant. Results: In 57 tissues, the
histological evidence of pulmonary vasculopathy was showed as different types (proliferative, obliterative, and plexiform) and
severe presentation of vasculopathy than non-PCVL/HIV. A statistically significant decrease of eNOS was observed in all
PCVL/HIV tissue samples. Conclusion: eNOS has a relevant role in the pathogenesis of pulmonary vasculopathy in acquired
immunodeficiency syndrome patients. It is necessary to determine in the future the participation of eNOS and other mecha-
nisms involved in PCVL/HIV.
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Resumen

Antecedentes: A pesar del incremento en la sobrevivencia del paciente con virus de inmunodeficiencia humana (VIH)
debido al uso del tratamiento antiretroviral altamente efectivo, las complicaciones no infecciosas siguen ocasionando
vasculopatia pulmonar, aun en pacientes asintomaticos. La oxido nitrico sintetasa (ONSe) es necesaria para la produccion
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de dxido nitrico la cual provoca vasodilatacion pulmonar. La participacion de esta proteina en la circulacion pulmonar en
los pacientes con VIH aun no se ha dilucidado. Este trabajo estudia la presencia y la expresion de ONSe en las lesiones
vasculares pulmonares complejas asociadas al VIH (LVPC/VIH). Métodos: En tejidos pulmonares de pacientes que falle-
cieron por complicaciones del VIH, se utilizé inmunohistoquimica e inmunoquimioluminescencia (imageJ) para determinar
los diferentes grados de expresion de la ONSe en LVPC/VIH. Los reactivos utilizados son anti-ONSe en sistema auto-
matizado. Todos los datos son presentados en media y desviacion estdndar. Las diferencias son analizadas con la
prueba de Wilcoxon; se aceptdé como estadisticamente significativa una p < 0.05. Resultados: En 57 pacientes, la histo-
logia de la vasculopatia pulmonar mostré diferentes tipos (proliferativo, obliterativo y plexiforme) ademas de varias
presentaciones de vasculopatia en tejidos no-LVPC/VIH. Se observd diferencia estadistica en la disminucion de ONSe
en todos los tejidos LVPC/VIH. Conclusiones: La ONSe tiene un papel relevante en la patogénesis de la vasculopatia
pulmonar en el VIH. Es necesario determinar en el futuro la participacion de ONSe y otros mecanismos involucrados en

LVPC/VIH.
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Introduction

At present, the epidemic of human immunodeficiency
virus (HIV) affects more than 36.7 million people glob-
ally, with a mortality rate of 1.1 million/year'.

Many of these deaths were due to noninfectious com-
plications like cardiovascular diseases. The first case
reported of plexogenic pulmonary arteriopathy associ-
ated with HIV was carried out by autopsy?.

HIV-1 infection is one of the major causes of pulmo-
nary hypertension in the world?.

This infection is a risk factor for the development of
pulmonary arterial hypertension (PAH), increasing up
to 2000-fold its odds*.

The pathogenesis for the development of endothelial
vascular lesion in lung circulation like PAH associated
to HIV (PAH/HIV) is still unclear.

PAH/HIV is a devastating and life-threatening condi-
tion with recent cohort studies reporting prevalence
ranging from 2.6 to 15.5%°.

The survival rate of PAH/HIV patients is significantly
reduced to one-half compared with HIV-infected indi-
viduals without PAH.

Nitric oxide (NO) is a potent pulmonary circulation
vasodilator (Fig. 1) linked to homeostatic effects in dif-
ferent pathologies.

NO is synthesized from L-arginine and oxygen
through a reaction catalyzed by endothelial NO syn-
thase (eNOS)87.

Myriad effects of NO on pulmonary vascular cell tone
such as proliferation, apoptosis, and angiogenesis have
been demonstrated. Once released, it rapidly diffuses
across cell membranes to reach the cytoplasm of adja-
cent vascular smooth muscle cells, where it binds to
soluble guanylate cyclase and increases intracellular
cyclic guanosine monophosphate (cGMP) levels.

L-arginine
0

eNOSs

L-citrulline
NO-

Figure 1. Synthesis of nitric oxide (NO) by endothelial nitric
oxide synthetase, NO is produced when an electron from
oxygen is transferred to an amino terminal nitrogen of
L-arginine.

c¢GMP, in turn, phosphorylates cGMP-dependent pro-
tein kinase, which acts at several sites within the cell
membrane and endoplasmic reticulum to lower intracel-
lular calcium levels and reduce cross-linking of myosin
light chain and decrease vascular tone®.

Asymmetric dimethylarginine (ADMA) competitively
inhibits eNOS and, thus, is a mediator of endothelial
dysfunction. NO inhibits endothelial apoptosis and in-
creases vascular endothelial growth factor expression
to facilitate angiogenesis.

There is no definitive proof that HIV directly causes
PAH or infects pulmonary endothelial cells. Neverthe-
less, HIV proteins (Nef, Tat, and Env) play key roles in
PAH-associated pulmonary vascular remodeling be-
cause their interactions with molecular partners in the
infected cells induce inflammation, oxidative stress, and
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deregulate apoptosis and proliferation of vascular en-
dothelial cells®.

In this work, we looked at the presence and expres-
sion of eNOS in multiple grades of pulmonary complex
vascular lesions in HIV patients (PCVL/HIV) and made
a comparison to non-PCVL/HIV.

Methods

Tissue and histological examination

Pulmonary tissues of patients deceased from January
2006 to December 2016 for HIV-pulmonary complica-
tions were collected during autopsies; in addition, lung
tissues of HIV patients who died from acquired immu-
nodeficiency syndrome (AIDS) with no data of PCVL
(non-PCVL/HIV) cases were included in the study.

Tissues collected were formalin fixed and paraffin
embedded. Lung serial sections were stained with he-
matoxylin and eosin (H&E).

For this study, we used a simplified of the classical
Heath and Edwards histopathology classification'®
(Table 1).

Immunohistochemistry and
immunochemiluminescence

Reagent used for the immunohistochemistry was the
endothelial anti-NO synthase (Abcam®, ab66127, Cam-
bridge, MA)'".

For the automated process of immunohistochemical
staining, the Ventana® system (Tucson, Arizona) was
used'?,

The eNOS quantification was measured by chemilu-
minescence on slides stained with H&E first and pro-
cessed by the image processing software named
ImagedJ, download free provided by the National Insti-
tutes of Health of the United States'®.

The expression of the protein was measured in pixel
units (arbitrary units).

Ethics

This work had the authorization of the Ethics and
Research Committee of the National Institute of Respi-
ratory Diseases (B-19-13).

Statistics

All the data are presented as mean and standard
deviation (SD), the differences were analyzed with

Table 1. Heath and Edwards pulmonary circulation
simplified pathology classification

Severity Grades

Grade |: Hypertrophy of the media of small arteries and
arterioles and proliferation of the intima

Grade Il: Thickening of the middle layer with hypertrophy and
hyperplasia, showing plexiform lesions in the muscle

Grade Ill: Injury and cavernous angioma, with intimal
hyalinization, fibrosis, and/or necrotizing artery

Table 2. Summary of demographic and disease
characteristics HIV/AIDS study group

n 57

Mean age, years (range) 38.3 years + 2.12 years (22-60)

Male (%) 88
HIV risk factor (%)
Intravenous drug use 1
Homosexual 4
Heterosexual 15

Pulmonary coinfections

PCP 21
Polymicrobial 16
CMV 10
Histoplasma sp. 6
MTB 4

Median CD4, SD cell
count cells/pl (range)

36 + 3 cells (1-115)

Viral load count, 355,000 + 165,000 (150,000-1 million)

SD (range)
Median follow-up, 3.0 +2.3(0-9)
years (range)

HAART
37 used before hospitalization
10 initiated at or after HIV diagnosis in hospital
10 never received

PCP: Pneumocystis jiroveci, CMV: Cytomegalovirus, MTB: Mycobacterium
tuberculosis, HAART: highly active antiretroviral therapy; AIDS: acquired
immunodeficiency syndrome; HIV: human immunodeficiency virus; SD: standard
deviation
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Figure 2. Examples of the most representative pulmonary
circulation lesions in autopsy material of acquired
immunodeficiency syndrome patients (hematoxylin and
gosin staining).
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Figure 3. Seen at the top left by immunohistochemical nitric oxide synthetase staining (brown) in non-pulmonary
complex vascular lesions (PCVL)-human immunodeficiency virus (HIV) lesions (all Grade IIl) and the different PCVL-HIV
degrees (I-1l1).

At the bottom, the tissues are subjected to the image processor (imageJ) observed the expression of endothelial nitric
oxide synthetase (gray).

*Non-PCVL-HIV: non-pulmonary complex vascular lesion in HIV patients.
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Figure 4. Difference in the expression of endothelial nitric oxide synthetase is observed in the intragroup different
degrees of pulmonary complex vascular lesions/human immunodeficiency virus (PCVL/HIV) and with regard to the
non-PCVL/HIV.

A.U.: arbitrary units.

*p < 0.05 Wilcoxon test.

patients were in AIDS (Stage C3) according to the clas-
sification of the Center for Disease Control and Preven-

non-parametric Wilcoxon rank-sum test, two samples;
p < 0.05 was accepted as statistically significant, the

Statistical Package for the Social Sciences (SPSS®
version 20) was used.

Results

Lung tissues from a total a 57 subjects with HIV (52
men) with an average age of 38.3 years (SD 2.12). All

tion (CDC) in Atlanta, GA, USA.

The cause of death was mainly pulmonary complica-
tions (Table 2).

Lung tissues were paraffin embedded and H&E
stained and processed for immunohistochemistry and
were examined microscopically by an experienced pa-
thologist in pulmonary circulation (M.R.R.R.) who
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determined that 30/57 tissues (55%) showed PCVL with
histological evidence of pulmonary vasculopathy or dif-
ferent types: proliferative (60%), plexiform (25%), and
obliterative pattern (15%) (Fig. 2).

PCVL/HIV histological presentation: eight cases in
Grade |, 7 in Grade Il, and 15 in Grade Ill. eNOS imagej
chemiluminescence showed a marked decrease ex-
pression associated with the severity of the lesion: non-
PCVL/HIV group (17 lung tissues) had 106 pixels (SD
5.10) and PCVL/HIV group: 97 pixels (SD3.20) in
Grade |, 95 pixels (SD 3.94) in Grade I, and 93 pixels
(SD 3.70) in Grade lll, statistical analysis of the Wilcox-
on test showed significance (p < 0.05) among the four
groups.

The statistical analysis of the Wilcoxon test showed
significance (p < 0.05) after comparison of the intensity
of Grade | compared with Grade Il, and of this com-
pared to Grade lll, showing lower expression of eNOS
to increased severity of PCVL (Fig. 3)

In all measurements of eNOS chemiluminescence in
PCVL/HIV have significant diminution than in compari-
son with the caused by non-PCVL/HIV (Fig. 4).

Discussion

Infection with HIV infection induces a chronic inflam-
matory state and persistent immune activation and dys-
regulation that could indirectly induce the release of
pro-inflammatory cytokines and growth factors that
may be implicated in the pathogenesis of pulmonary
vasculopathy.

These features include concentric laminar intimal fi-
brosis, medial hypertrophy, recanalized thrombi, and
plexiform lesions. Additional hallmarks include in-
creased expression of smooth muscle cell/fibroblast
growth factors such as platelet-derived growth factor;
inflammatory cells are present in the perivascular of
HIV tissues, suggesting that HIV-induced chronic in-
flammation and immune hyperactivation may enrich the
pro-inflammatory milieu implicated in vascular lesions.

Endothelial injury has been proposed to be a critical
step in the initiation and progression of vascular remod-
eling associated with PAH',

Endothelial alterations precede the development
of muscularization of pulmonary arteries in animal
models'.

It has been considered to the PCVL-HIV as a process
of dysfunction of the vascular endothelium where you
can engage different mechanisms such as the acces-
sory proteins of HIV (Nef, Tat, and Env)'® in the inacti-
vation of NO conditioned by alterations in the role of

eNOS. The exact role that NO plays in the pathophys-
iology of PAH is still unclear. Numerous studies have
demonstrated that pulmonary hemodynamics and func-
tional capacity can be improved in these patients by
increasing NO delivery to the lung'-'°.

Our study is limited by the lack of hemodynamic data
before death for a conclusive diagnosis of PAH, due to
the lack of clinical suspicion by the treatment group
(internal medicine, infectious diseases, and pulmonol-
ogist specialist) for the request of an echocardiogram
in addition to the impossibility of performing right car-
diac catheterization in a patient with severe sepsis.

Pharmacologic therapies that target the NO/cGMP
pathway represent one of the major approaches to
medical management or the patient with PAH202",

Increase levels of ADMA are independently associ-
ated with HAP-HIV, the ADMA-NO axis is an important
mechanism to be studied in the future??.

In non-human primates as animal models like ma-
caques the infection with Simian immunodeficiency vi-
rus/nef recombinant virus demonstrated pulmonary vas-
cular remodeling without lesions were found in outside
lung organs, suggesting a pulmonary-specific target®.

Numerous pieces of the NO synthesis and signaling
pathways are disrupted or altered in pulmonary vascu-
lar diseases. Although the data implicating NO deficien-
cy in the pathogenesis of PAH are compelling, it is
unclear which part of the biosynthesis pathway is
impaired.

Evidence is accumulating that modification of defi-
ciencies in NO synthesis and/or enhancement of its
downstream signaling targets can attenuate pulmonary
vascular remodeling.

Despite the increase in survival of HIV patients as a
result of highly active antiretroviral therapy, pulmonary
complications are still prevalent in the presentation of
pulmonary vasculopathy even in asymptomatic pa-
tients. The accurate clinical diagnosis in the initial
phase of the disease is necessary to improve the prog-
nosis and survival.

These results show the preponderant reduce the
presence of eNOS in pulmonary vasculopathy in AIDS
patients. To the best of our knowledge, this is the first
work that shows the significant diminution of eNOS in
PCVL/HIV compared to non-PCVL/HIV.

It is important to continue the study in the future of
NO and the inflammatory mechanism of the retrovirus-
es on the pulmonary circulation, to promote a biological
marker to detect PAH-HIV in asymptomatic patients
and guide the therapy in the initial stages of this
pathology?+2°.
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