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Abstract

Background—Pulmonary arterial hypertension (PAH) has been identified as a serious
complication of HIV infection.

Methods and Results—Here, we report sudden death in two pigtailed macaques (Macaca
nemestrina) chronically infected (~ 1-2 years post infection) with an R5 SHIV strain. At necropsy,
total occlusion of the pulmonary artery by a large fibrin thrombus was present in both animals.

Conclusion—This report describes pulmonary vascular lesions similar to PAH in R5 SHIV-

infected pigtail macaques.
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Introduction

Human immunodeficiency virus (HIV)-infected individuals are at increased risk of
pulmonary arterial hypertension (PAH) with a prevalence of 0.5-2.0% [1, 2]. Associated
with a 60% survival at two years after diagnosis, HIV-PAH has an even greater mortality in
patients with more severe disease and is considered a terminal illness[2]. Non-human
primates (NHPs) infected with simian immunodeficiency virus (SIV) or chimeric simian-
human immunodeficiency virus (SHIV) also develop pulmonary artery lesions,
characterized by intimal thickening and luminal occlusion with histologic similarity to those
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associated with human PAH[2-4]. Here, we describe case reports of two pigtailed macaques
that were chronically infected with SHIV-B0159N4-p2; this virus had been constructed by
replacing the envelope gene from the SHIV-1157ipd3N4 backbone [5, 6];unpublished data)
with that of the microglia-tropic HIVgoR|-15 [7]. These animals progressed to
thrombocytopenia, late onset polycythemia, and sudden death. To our knowledge, this is the
first report of pulmonary vascular lesions similar to PAH in R5 tropic SHIV-infected
pigtailed macaques and parallels with previous reports of pulmonary arteriopathy in SIV-
infected macaques.

Case Reports

Case 1 (PSp2)

This 4 year old male pigtailed macaque (PM) was born and maintained at the Yerkes
National Primate Research Center (YNPRC) in accordance with their Animal Care and Use
Committee. This PM was inoculated intrarectally with SHIV-Bo159N4-P2, a macrophage-
microglia-tropic R5 SHIV [5, 6]; unpublished data). Peak viremia occurred at week 2 post-
inoculation (Fig. 1A). The animal was persistently viremic with viral loads ranging from 104
to 1.5 x 107 copies/ml (Fig. 1A). The absolute CD4* T cells in blood were gradually
depleted and the fraction of CD4*CD29" memory T cells declined to low levels at 8 months
after post-infection (data not shown). At approximately one year post-infection (pi), the
animal developed thrombocytopenia (29,000 to 124,000 pl; reference range 260-361 x 103
per ul) (Fig. 1A) that remained clinically unremarkable. Four months prior to death and
about 20 months pi, the animal developed clinical polycythemia (HCT 52%; reference range
38.3-49.6%) and chronic thrombocytopenia. Despite normal appetite, the animal also failed
to gain weight for the 2 months preceding death. Heart and lung auscultations during
physical examinations revealed normal heart rhythm and strong peripheral pulses. Thoracic
radiographs revealed moderate cardiomegaly. At twenty-one months pi, the monkey was
found deceased and was submitted for post-mortem examination.

At necropsy, the heart was enlarged and both ventricles were firmly contracted. The right
auricle was markedly distended. A large occlusive thrombus (3 cm in length) was present
within the main pulmonary artery with extension into both branches (Fig. 1 B and C). Also
present were fibrous adhesions of right lung lobes to thoracic wall, moderate
serosanguineous pleural effusion, and marked pulmonary edema. Sections of all major
organs were collected for routine histopathological evaluation. Tissues were collected,
placed in 10% neutral buffered formalin, and processed in paraffin by routine methods for
light microscopic study. Tissues were stained with hematoxylin and eosin (HE), and
Masson’s Trichrome stain for collagen.

Microscopically, the pulmonary arterial thrombus was composed of dense fibrin with areas
of calcification, hemosiderin and hemosiderophages and a few lymphocytes. The thrombus
was attached to the vessel wall by fibroblasts and neovascularization. A smaller thrombus
was almost completely calcified, with focal eccentric recanalization (Fig. 1C) and focus of
multinucleated giant cells engulfing mineral. Within the heart, the left ventricle papillary
muscle had marked locally extensive myocardial degeneration and necrosis with fibroplasia
and minimal lymphocytic inflammation.
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Histopathology of the lung showed arterial changes consisting of: arterial intimal
proliferation, complex plexiform-like lesions characterized by luminal obliteration, intimal
disruption, medial hypertrophy, and recanalized lumens. In a few arteries, the lumen was
occluded by severe intimal thickening with a small number of inflammatory cells and
multifocal recanalization. Other histopathology findings consisted of: moderate lymphoid
depletion of spleen and lymph nodes.

Case 2 (PGI2)

This 4-year old male pigtailed macaque was born and maintained at the YNPRC in
accordance with their Animal Care and Use Committee. He was placed on same study as
case 1. The macaque was administered intravenously 1 ml of SHIVV-Bo159N4-p1-infected
microglial cells (MG) (2.38 x 10°7 cells) from another infected pigtailed macaque (PNi2;
which had received brain tissue from PFm2 that had been inoculated with SHIV-Bo159N4-
p) as shown in Fig. 2A. Monkey PGI2 was also persistently viremic with viral loads ranging
from 7 x 103 to 5 x 108 copies/ml (Fig. 2B. The higher peak viral load in this animal was
due to acute depletion of CD8 and B cells before it received MG cells from PNi2. The
absolute CD4* T cells in blood were gradually depleted and the fraction of CD4* and
CD29*" memory T cells declined to low levels 8 months after post-infection (data not
shown). At approximately 8 months pi, the animal developed mild thrombocytopenia
(137,000 pl; reference range 260-361 x 103 per pl) and prior to death, the platelet count had
decreased to 52,000 per ul (Fig. 2B). Seventeen months pi, the monkey was found deceased
and submitted for post-mortem examination.

At necropsy, the heart was firmly contracted, the right atrium was markedly distended, and a
large occlusive thrombus was found within the pulmonary artery (Fig. 2C). The left middle
lung lobe was adhered to the pericardium and right middle and caudal lobes were adhered to
thoracic wall and diaphragm. The lungs failed to deflate upon opening of the thorax. Other
findings at necropsy included: mildly enlarged spleen and inguinal, axillary and mesenteric
lymph node; and edematous colonic mucosa with watery contents. Microscopically, the
pulmonary arterial thrombus was composed of dense fibrin with areas of calcification and
the large pulmonary artery contained marked intramural fibrosis (Fig. 2D and E). Medium-
sized pulmonary arteries had mild medial hypertrophy. Histopathology of the lungs showed
mild perivascular lymphocytic infiltrates, and focal subpleural bullae. Other histopathology
findings included: mild lymphoid hyperplasia of lymph nodes and spleen, focal gastric
mucosal erosion, moderate chronic lymphoplasmacytic colitis, and moderate lymphocytic
interstitial nephritis (primate immunodeficiency virus-related findings).

Discussion

A total of 13 pigtailed macaques were infected with SHIV-B0159N4-p1/p2 related viruses,
and here, we describe occlusive pulmonary arterial thrombosis resulting in sudden death in
two (2/13) pigtailed macaques with the prevalence rate of 15.3%. Pulmonary arteriopathy,
consisting of medial hyperplasia, intimal hypertrophy, vascular remodeling, and plexiform-
like lesions similar to HIV-related pulmonary hypertension observed in human [2-4, 8] were
also present in these macaques. Histological evidence of PAH, which includes arterial

J Med Primatol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Courtney et al.

Page 4

medial hyperplasia and the presence of plexiform lesions, has been demonstrated in
macaques infected with SIV as well as with chimeric SHIV [2-4, 8]. HIV has proven to be a
risk factor for the development of PAH, and an increased prevalence of the disease in HIV-
infected patients compared with the general population has been reported [1, 2, 9].

The mechanism by which infection leads to severe PAH is not known as the localization of
the virus in the vascular lesions or endothelial cells in HIVV-infected people has not been
demonstrated [1]. This observation further suggest that a direct role of the virus is unlikely
and suggests that PAH associated with HIV is related to an indirect action of virus infection,
possibly through the action of pleiotropic viral proteins and/or chronic low grade
inflammation. Recently, it has been demonstrated that more serum levels of immunoreactive
TGF-betal was found in patients with Schistosomiasis-PAH compared to patients with
Schistosomiasis without PAH[10]. Furthermore, they described that TGF-beta 1 is one of
the isoform of TGF-beta that causes augmented cell proliferation in smooth muscle cells in
the pulmonary arteries of patients with PAH and has a growth-inhibitory effect on normal
cells and contribute to vascular remodeling[11]. Previously, it has been demonstrated that
HIV Nef was first detected after HIV invasion of the host cell, and a possible link between
HIV-1 Nef and the development of PAH has been suggested [4]. This includes the uptake of
Nef into vascular endothelial cells, possibly via the CXCR4 receptor, and in conjunction
with immune insufficiency, may then lead to endothelial cell dysfunction and apoptosis [4].
The HIV proteins Nef, Tat, and Env have been reported to be associated with endothelial
cell dysfunction and smooth muscle cell hyperplasia and may have contributed to the
development of pulmonary changes reported here [4]. Furthermore, it has also been noted
that engulfment of apoptotic cells by surrounding endothelial cells may lead to an apoptosis-
resistant population with increased secretion of cytokines and growth factors [12]. The
uncontrolled endothelial cell proliferation leads to complex vascular remodeling, plexiform
lesions, and HIV-related pulmonary hypertension [9]. Next, It has been documented that
several neurotropic SIVs such as SIV/17E-Fr and SIVAB670 viruses infect brain capillary
endothelial cells by entering blood-brain barrier or by releasing toxins into the central
nervous system which cause AIDS dementia[13]. Since, SHIV-B0159N4-p1/p2 is highly
macrophage-tropic virus, and causes milder forms of neurological disorders in macaques,
there may be possibility that it could have been infected with brain capillary endothelial
cells and caused endothelial dysfunction, which in turn could have been contributed to the
massive occlusive thrombosis.

In summary, we reported here that sudden death by thrombosis of pulmonary arteries should
be added to the array of pulmonary vascular lesions that can be seen in SHIV-infected
pigtailed macaques. Our findings parallel the PAH in HIV-infected humans and suggest that
our new SHIV model appears to facilitate the development of PAH pathology, providing an
attractive model. However, additional work would be required to confirm this conjecture.
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Fig. 1.
PSp2 infected with SHIV-B0159N4-p1/p2 viruses. (A) Viral loads and platelets counts

kinetics (B) Occlusive fibrin thrombus protruding from both branches of pulmonary artery
(arrows). (C) Marked distension of main branch of pulmonary artery and marked contraction
of ventricles. (D) Fibrosis and mineralization of thrombus within pulmonary artery. There is
focal recanalization lumen present (arrow). HE.
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PGI2 infected with SHIV-B0159N4-p1/p2 viruses. (A) Serial passage of SHIV-B0o159N4-p
in pigtail macaques via microglial cells (MG) (B) Viral loads and platelets counts kinetics
(C) Right ventricle opened to show presence of large fibrin thrombus within main
pulmonary artery and occluding the outflow tract. (D & E) Lung: Pulmonary arterial
changes of plexiform endothelial proliferation and fibrosis. HE
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