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Abstract

HIV infection has been reported to cause bone loss and a higher risk of fracture. Under normal conditions,
bone metabolism is regulated by mesenchymal cells, osteoclasts differentiated from mononuclear macro-
phages, osteoblasts, and their expression of regulatory factors, such as receptor activator of nuclear factor-
kappa B ligand (RANKL), M-SCF, and transforming growth factor-beta. The balance between bone resorption
and osteogenesis depends on the balance between osteoclasts and osteoblasts. In addition, some immune
cells, such as B-cells, T-cells, and other non-immune cells expressing RANKL, can contribute to osteoporosis
under inflammatory conditions. HIV proteins consist of three types: regulatory proteins, accessory proteins,
and structural proteins, which contribute to HIV-mediated bone loss partly by upregulating NF-«xB expression,
tumor necrosis factor alpha content, and release of inflammatory cytokines. Even worse, although antiretrovi-
ral therapy has reduced HIV infection mortality and successfully transformed acquired immunodeficiency
syndrome into a chronic disease, its impact on bone loss should not be overlooked, especially when the drug
contains tenofovir. This review analyzes some reports focusing on the overall osteolytic situation due to imbal-
ances in osteogenesis and bone resorption due to HIV infection and antiviral therapy. The intrinsic mechanism
of bone loss provides a reference for researchers to analyze the risk factors for HIV patients complicated with
bone loss and helps clinicians to provide ideas for the intervention and prevention of bone loss during clini-
cal treatment and chronic disease management of HIV patients.
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Introduction

After HIV infection, the patient’s immune function is par-
tially lost, and when it deteriorates into AIDS, the number
of CD4+ cells is reduced, and opportunistic infections and
tumors occur. In terms of geographic distribution, people
living with HIV/AIDS are more common in undeveloped
countries’. Most HIV-positive patients progress to AIDS
within 10 years, and those who do not start antiretroviral
therapy (ART) have only 2 years of survival on average?.
When ART can continue to suppress the virus and help
the body rebuild its immune system, HIV has become a
lifelong chronic disease®4. Chronic disease is often accom-
panied by other complications including osteolysis or even
fracture risk. Osteolysis and fracture are caused by abnor-
mal bone metabolism. Maintaining a healthy bone system
balance depends on a balanced relationship between
bone deposition and bone resorption mediated by osteo-
clasts and osteoblasts, with osteoclasts responsible for
most of the osteoclastic effects of bone metabolism, espe-
cially osteoclast precursor cells that have the potential to
differentiate into mature osteoclasts. As osteoporosis and
osteonecrosis become the most common skeletal dis-
eases in HIV-infected populations®, there is an increased
likelihood of fractures. Considering the high fracture risk
and prevalence of osteoporosis in elderly patients, physi-
cal therapists should be more aware of their potential risk
of falls and bone demineralization and routinely evaluate
these phenomena®. Several common factors can lead to
increased fracture risk including aging, smoking, and alco-
hol abuse. It is worth noting that in recent years, ART has
also been reported to reduce bone mineral density
(BMD)"8, and some reports suggest that ART may reduce
immune system activity in the short term®1°. Therefore, it
is important to identify the underlying factors that exacer-
bate bone resorption by ART. What specific factors lead to
the deterioration of the health status of these patients and
the mechanism of infection are still unclear, but it is believed
to be multifactorial. This article mainly focuses on the direct
or indirect disruption of the balance between osteogenesis
and osteoclasts by viral proteins and activation of the
immune system and summarizes mechanisms at the cel-
lular and molecular levels of bone loss and the impact of
antiretroviral drugs on bone health in HIV-infected patients.

Increased fracture prevalence in
HIV-infected individuals

As HIV infection progresses into a chronic disease
and the application of dual-energy X-ray absorptiom-

etry (DXA) in bone assessment in HIV-infected patients,
BMD decreasing issues, which increase the preva-
lence of fracture, have been reported by other research-
ers. There are increased circulating markers of bone
formation and resorption in HIV-infected patients due
to a more active state of bone turnover, resulting in a
period called the “catabolic window” in which both
osteoclast function and bone resorption are increased
first, followed by osteoblast-mediated bone formation,
and this time delay in bone metabolism will lead to
early bone loss'!. This notion is reinforced by several
recent studies demonstrating that bone loss and low
BMD rate are more common in individuals not receiv-
ing ART after HIV infection'®6. Severe bone loss in the
body hip, lumbar spine, and wrist contributes to the
elevated prevalence of fragility fractures', especially
in gerontic patients.

For ART-treated individuals, there was a 35 enrolled
randomized controlled trial to determine the signifi-
cant BMD reduction in the mean total hip and the
mean femoral neck in the TDF-treated group'®. This
reduction in BMD in individuals treated with TDF was
also confirmed by another randomized controlled trial
involving 328 HIV-infected, treatment-naive partici-
pants’®,

BMD reduction in anatomical sites such as the ver-
tebrae, total hip, and wrist may translate into an
increased prevalence of fracture or osteoporosis, as
shown in figure 1A. A comparison of HIV- and HIV+
patients, in total or stratified by gender and race,
showed a significantly higher prevalence of bone dis-
ease in HIV-infected patients, and the same results
were observed in both male and female subunits. The
fracture prevalence was also determined according to
race in both males and females, as shown in figure 1B
(figure created by author from authorized data of Triant
et al.?%). Significantly higher fracture rates are pre-
sented among HIV-infected patients, regardless of
whether they receive ART. The mechanical-specific
factors leading to the deterioration of the bone health
status of these patients are still unclear, but it is
believed to be multifactorial. By reading and arranging,
we summarized the following possible mechanisms
that may play an important role in bone health deterio-
ration in HIV.

Direct effects of HIV-induced bone loss
HIV is an RNA virus, and its target cells in the body

are mainly CD4+ T-cells, which attack the host's
immune system and cause serious defects in cellular
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Figure 1. Prevalence of fracture comparison between HIV+ (HIV-infected) and HIV- (non-HIV-infected patients). Prevalence of fracture
comparison between HIV+ (HIV-infected) and HIV- (non-HIV-infected patients). A: comparison of fracture prevalence in HIV+ and HIV - pa-
tients by gender. B: comparison of fracture prevalence in HIV+ and HIV- patients by race. A and B: dark bars represent HIV-infected
patients, and light bars represent non-HIV-infected patients. Figure 1 was created by the authors from the data in a population-based study

conducted at a large U.S. health-care system in 2008.

immunity. The virus is spherical in shape and its outer
shell contains a lipid bilayer derived from the host cell
membrane and the spike glycoprotein composed of
two proteins, gp120 and gp412'.

Viral structural proteins include surface glycoprotein
(gp120) and group-specific antigen (p55-gag multimer
protein). Regulatory proteins include HIV transactivator
(Tat) and virion protein expression regulator (Rev). HIV
assistive proteins including Negative Factors (Nef) per-
form many functions in viral pathogenesis: they help
the virus invade the immune response against the host,
help establish long-term evasion of immune surveil-
lance, and their high-level expression during the viral
life cycle keep a high viral load in persistent infection®.
Three viral proteins, structural proteins, regulatory pro-
teins, and accessory proteins play important roles in
bone loss.

Structural proteins
Gp120

The HIV protein gp120 is one of the glycoprotein
spikes on the viral coat that mediates binding to the
CD4 receptor, and the interaction of gp120 with the
cellular receptor CD4 initiates the process of HIV-1
invading host cells.

Direct infection of HIV protein gp120 can affect the
tumor necrosis factor (TNF)-TNF receptor pathway and
lead to increased TNF content?®, thereby affecting
osteoclast maturation and receptor activator of nuclear

factor-kappa B ligand (RANKL) expression. In a pub-
lished report, researchers exposed CD3+ T-cells to
gp120 and discovered that a nuclear factor that
helps induce osteoclast maturation-the expression of
RANKL-is increased. In addition, gp120 also exhibits
the ability to upregulate MSC CXCR expression, which
may lead to a change in the differentiation tropism of
MSC cells in chronic HIV infection toward promoting
the maturation of osteoclasts?®. It is speculated that
gp120 promotes osteoclastogenesis by upregulating
the expression of CXCR?*, resulting in bone loss.
Normal bone rebuilding depends on the coupling of
two tightly regulated processes, osteoblastic bone forma-
tion, and osteoclast bone resorption. Human osteoblasts
(HOBs) treated with HIV protein gp120 showed slowed
cell proliferation, decreased cell viability, a time-depen-
dent increase in apoptosis within 48 h, and decreased
intracellular B-catenin staining in HOBs, indicating that
the Wnt/B-catenin signaling pathway was significantly
inhibited®. The Wnt/B-catenin signaling pathway plays a
key role in the increase and maintenance of bone mass
and bone remodeling®, which may be a potential target
for reducing HIV infection-associated bone abnormali-
ties?. In addition, a study found that HIV-1 gp120-
induced apoptosis was effectively inhibited when naive
osteoblasts were treated with anti-TNF-o. polyclonal anti-
body?!, suggesting that the apoptosis-inducing effect of
gp120 on osteoblasts may be related to HIV-1 gp120
dependent regulation of TNF-c,, which plays an important
role in osteoclast maturation at the same time. By break-
ing the coupling balance between osteogenesis and
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osteoclastogenesis in vivo, gp120 makes human bone
metabolism progress toward the osteoclast direction,
thus causing visible bone loss in HIV-infected patients.

P55-gag

HIV protein P-55 gag, a precursor protein of the HIV
matrix, reduces the osteogenic activity of mesenchy-
mal stem cells?®®. Specifically, the HIV structural protein
pb5-gag regulates the differentiation of MSCs toward
an osteoclastogenic phenotype?, reduces the expres-
sion level of osteocalcin in osteoblast in bone calcium
metabolism?®, and induces early senescence of bone
marrow mesenchymal stem cells®. The differentiation
of bone marrow mesenchymal stem cells is one of the
sources of osteoblasts in the body. From this perspec-
tive, the osteogenic process is inhibited by the reduc-
tion in the number of osteoblasts and the lack of factors
that promote bone growth. Paradoxically, some schol-
ars have also found that P55-gag and Rev exhibit
opposite effects in regulating this differentiation pro-
cess. P55-gag often inhibits CTGF levels, BMP-2 secre-
tion, and RUNX-2 activity (three significant molecules
and proteins in the osteogenic process of differentiated
MSCs) to inhibit osteogenesis, while Rev can increase
CTGT levels and total mineralization rate at most con-
centrations to present a bone deposition situation®'.
More molecular experiments should be focused on the
effect of HIV Rev on various sites of the body accord-
ing to infection duration. Under the influence of p55-
gag, the process of bone deposition was inhibited due
to the decrease in osteocalcin levels, and the decreased
osteoblasts could not be replenished in time; thus, the
phenomenon of bone loss became more serious.

Regulatory proteins and auxiliary proteins
Tat

Tat is involved in the regulation of reverse transcription
of the viral genome and plays a role in HIV-mediated
bone loss. In the process of viral infection, the HIV protein
Tat is increased and released into the extracellular matrix
and surrounding uninfected cells. HIV-infected cells can
absorb these tat proteins, resulting in the high expression
of inflammatory factors and the activation of related sig-
naling pathways. These pathways have a huge possibil-
ity of leading to the occurrence of bone loss.

At present, there is little research on the effect of HIV
Tat on the bone mass of HIV patients. However, data
are showing that the regulatory protein Tat can enhance

the differentiation and activity of peripheral blood
monocyte-derived osteoclasts, thereby increasing the
mRNA transcription level of some specific osteoclast
differentiation markers representing osteoclast-produc-
ing signals, including cathepsin K, calcitonin receptor,
and matrix metalloprotease 9 (MMP9), and upregulat-
ing the expression and activity of tartrate-resistant acid
phosphatase (TRAP). In short, these results suggest
that Tat is an important viral factor for bone resorption
and plays an important role in HIV-induced bone loss
in patients, indicating that peripheral blood monocytes
serve as a potential target in treating HIV patients’
bone loss.

Rev

Rev is another regulatory protein responsible for the
synthesis of major viral proteins, with the ability to pro-
mote the differentiation of monocytes into osteoclasts.
Rev can enhance the bone resorption capacity of
osteoclasts by increasing the production of reactive
oxygen species (ROS) and TNF-a. in osteoclast precur-
sors to further induce the maturation of osteoclasts and
bone resorption®. Tat and rev are both soluble pro-
teins of HIV, and when researchers treat mouse osteo-
clast precursor cells with Tat and Rev, respectively, the
rate of osteoclastogenesis increased compared to the
control group (zoledronate) 70% and 26%, and
researchers found that the level of TNF-a cytokine pro-
duction by osteoclast precursors had significantly
increased®, indicating that the combined treatment of
Tat and Rev proteins not only increased the number of
osteoclasts formed but also enhanced the bone resorp-
tion activity of osteoclasts, showing a biological effect
of driving the osteoclast process, suggesting that the
bone loss in HIV-infected individuals may be related to
the water-soluble protein of HIV.

Nef

Nef is a small myristoylated protein with a mass of
approximately 27-35 kilodaltons and is a negative reg-
ulator, capable of manipulating host cell machinery so
that the virus can infect, survive, and replicate con-
tinuously. It is believed to be a protein necessary for
the progression from HIV infection to AIDS.

The HIV protein Nef is involved in almost all HIV-
1-induced effects. Nef induces osteolytic effects with
HIV infection itself partly by increasing the size and
activity of the sealing zone (a structure that attaches
osteoclasts to the bone surface and creates a suitable
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environment for bone resorption, SZ) by increasing
podosome expression to form larger F-actin and
enhancing the activity of the Src kinase family to main-
tain the stability of SZ%2. In addition, bone marrow mes-
enchymal cells (BM-MSCs) are also targets of Nef. In
an experiment aimed at determining the effects of Nef
and Tat on the senescence of human BM-MSCs,
researchers found that MSCs treated with Tat and/or
Nef for up to 30 days showed reduced cell proliferative
activity and exhibited early senescence, which might
be associated with mitochondrial dysfunction®, result-
ing in a diminished potential of MSCs to differentiate
into osteoblasts, eventually leading to bone loss.

Indirect effects of HIV-induced bone loss

HIV infection induces immune activation
leading to bone loss

The RANK/RANKL/osteoprotegerin (OPG) pathway is
a main regulatory pathway of osteoclast bone resorp-
tion®®. RANKL is expressed on the surface of osteo-
blasts, T-cells, and B cells® and is an important
regulator of osteoclast precursor differentiation and
function®38 as well as T-cell growth®. RANK is
expressed on the surface of osteoclast precursor cells,
and after combining with RANKL, osteoclast maturation
is elevated, which disrupts the balance between bone
formation and bone resorption, and ultimately leads to
bone loss.

B-cells

OPG plays a key role in regulating bone turnover?,
Most OPG is produced by B-cells, and it can compete
with RANK for binding to RANKL, thereby inhibiting
osteoclast maturation and reducing bone loss. Shortly
after infection with HIV, B cells switch from an OPG-
producing type to a RANKL-producing type*', showing
diametrically opposite effects on the balance between
bone formation and resorption (preferring bone resorp-
tion). In addition to phenotypic changes in B-cell sur-
face receptors caused by HIV infection, the number of
RANKL+ B-cell subsets was significantly increased. In
addition, it was also found that RANKL produced by
B-cells was increased and OPG was significantly
decreased in HIV transgenic mice*2. After osteoclast
precursors and B-cells bind with RANKL and RANK,
the maturation of osteoclasts is accelerated, and thus,
bone metabolism exhibits higher osteolytic activity.

A recent study found an expansion of immature/
transitional B-cells in severely infected CD4+ T-lym-
phopenic patients, which may also be associated with
HIV-induced bone loss, as higher RANKL/OPG ratios
were found in B-cells and elevated plasma interleukin
(IL)-7 in HIV-infected patients*3, which may ultimately
lead to higher osteolytic levels through the RANKL
pathway of bone resorption.

T-cells

Since ART could rebuild the immune system, the
repopulation of T-cells may explain the bone loss just
after ART begins. To verify this hypothesis, one experi-
ment focused on the role of T cells in ART initiation, using
an immunodeficient mouse model engrafted with T-cells
to mimic ART-induced T-cell expansion to study whether
T-cell repopulation causes bone loss alone (without HIV
infection): After CD3+ T-cells were successfully engrafted
into genetically identical syngeneic T-cell-deficient TCR-p
KO (knockout) mice and reconstituted in the spleen and
bone marrow as expected, researchers observed a sig-
nificant deterioration in cumulative BMD of the whole
body, lumbar spine, femur, and tibia in reconstituted mice
compared with untransplanted TCRB mice*, indicating a
crucial influence of T-cell repopulation on bone metabo-
lism. Another study further discovered that the reconstitu-
tion of CD4+ T-cells and CD8+ T-cells also cause
significant cortical and trabecular bone loss*. The results
above suggest that although T-cell reconstitution is a key
part of ART, paradoxically, its repopulation aggravates
the process of bone loss, probably leading to bone loss
in bone inflammation, in which the immune system plays
a crucial role in a cytokine storm.

Both experiments demonstrated that T-cell repopula-
tion had a detrimental effect on bone loss at the onset
of ART, possibly due to their coproduction of TNF with
B-cells and induction of RANKL production.

The T-cell RANKL/OPG ratio correlates with
a BMD decrease

Whether it is the change in the number of T-cells or
the change in the expressed protein, the RANKL/OPG
ratio on the surface of T-cells plays an important role
in the body’s tendency toward osteoclast or osteogenic
metabolism.

More intuitively, studies have found that the T-cell
RANKL/OPG ratio is associated with the hip, lumbar
spine, and femoral neck BMD-derived z-scores in HIV-
infected individuals, and the imbalance between the
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two factors may explain why T-cell repairment experi-
mentally or ART-induced leads to HIV induction of
bone loss, as mentioned above*. In an animal
experiment, researchers found higher levels of RANKL
mRNA in HIV-1 transgenic rats, and correspondingly,
in these transgenic rats, the OPG that reduced this
RANKL/OPG ratio was not significantly changed®.

Although the previously mentioned, bone loss is
associated with disruption of the immune-skeletal inter-
face, it can be avoided using the anti-resorptive drug
prophylaxis with zoledronic acid in animals during
T-cell repopulation“.

Another feature of untreated HIV infection is the mas-
sive production of pro-inflammatory cytokines*®. Since
T-cells and B-cells link HIV-induced bone loss with
immune activation through the RANK/RANKL/OPG
pathway, many other cell factors also appear in HIV-
infected patients in the immune process, and recent
experiments have shown that bone loss in HIV-infected/
AIDS patients is also related to certain cytokines*. One
study showed that osteoclast precursor cells from
HIV-1 transgenic mice expressed higher levels of sup-
pressor of cytokine signaling-1 (SOCS-1) and TNF
receptor-related factor 6 (TRAF6) and resistance to the
ability of interferon-y (IFN-y) to inhibit osteoclast dif-
ferentiation, resulting in increased osteoclastogenesis
and greater bone loss*’. Furthermore, other inflamma-
tory cytokines appear in the majority of viruses/bacte-
rial infection-related bone inflammation such as IL-1,
IL-6, IL-7, IL-17, M-CSF, TNF-o,, and IL-1p that can
promote the production of RANKL or inhibit the produc-
tion of OPG to promote osteoporosis or downregulate
activation of the immune system*', especially IL-6,
which has been shown to promote thymic regression,
resulting in a reduction in the number of circulating
naive T-cells®®. In bone inflammation, proinflammatory
cytokines and molecular modulators also contribute to
osteoclastogenesis. In a report investigating the role of
osteocytes in inflammatory bone loss, proinflammatory
cytokines were classified as Th1, while anti-inflamma-
tory cytokines were classified as Th2%'. A review of
established RA-induced inflammatory bone loss mod-
els reported that IL-32y, IL-19, IL-20, IL-21, and IL-22
all exhibited the ability to promote bone loss®. In addi-
tion to the cytokines mentioned above, some studies
suggest that some cytokines that inhibit bone loss,
such as IFN-y, IL-1, IL-4, IL-13, GM-CSF, and IL-33,
belong to the Th2 group. IL-4 and IL-1 exert their anti-
osteoclastogenic effect by blocking the activation of
the NF-kp pathway induced by RANKL, and when they
act together with IL-13, they can increase the expres-

sion of OPG mRNA?®253, Table 1 summarizes the osteo-
clastic effects of some cytokines in bone inflammation.
Since HIV patients also cause the body to produce
proinflammatory factors before treatment, there may be
a connection and similarities between HIV infection
and normal bone inflammation.

In addition to immune activation, most patients take ART
after diagnosis, and some antiretroviral drugs play an
important role in osteopenia/osteoporosis in HIV patients.

Direct infection of osteoclasts

In addition, a recent experiment found that infected
osteoclasts were observed in the bone of HIV-1-in-
fected humanized mice and in human synovial explants
exposed to HIV infection®, revealing a new pathogenic
pathway for the virus to directly affect bone metabolism
in patients: HIV-1 infection increases the number of
human osteoclasts by altering the structure and func-
tion of the sealing zone to increase the adhesion and
osteolytic activity of human osteoclasts. Since HIV can
infect osteoclast precursor cells at different stages of
osteoclast maturation, these infected osteoclast pre-
cursor cells will all serve as reservoirs for HIV, provid-
ing greater capacity for HIV replication, and enhancing
its ability to recruit and aggregate, whereby the virus
alters the level of bone resorption.

The role of ART drugs in bone loss

CD4+ T-cells are the main target of HIV, and their
reconstruction has become an important part of ART.
Although morbidity and mortality directly attributable to
HIV infection have been significantly reduced in
patients receiving ART in recent years®, studies have
found that treatment (including treatment medications
used in the regimen) also negatively influences bone
health. Data suggest that bone loss is already observed
at the beginning stage of ART®, and this phenomenon
was further demonstrated in a meta-analysis that found
that the prevalence of osteopenia/osteoporosis in both
the HIV infection and ART treatment groups was more
than twice that in the control group®. Using dual-
energy DXA, regardless of the amount of tenofovir
disoproxil fumarate (TDF) exposure, there was aggra-
vated spinal loss associated with phosphaturia and
increased hip bone loss associated with CD4 recovery
in HIV-infected women receiving TDF-containing ART.

In conclusion, ART does lead to loss of spinal or
cortical and trabecular bone, causing a greater frac-
ture risk in HIV-infected patients. This risk of a decrease
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Table 1. Several cytokines in bone inflammatory

Cytokines/molecules

Effects on skeletal health without HIV infection

- Inhibit osteoblast differentiation, possibly through the downregulation of POEM by TNF dependent

- Upregulate the expression of Dickkopf-related-1 (DKK-1) which inhibits the Wnt pathway together

- Sensitize osteoclast precursors to RANKL thus indirectly enhancing osteoclast maturation, and

- Bind directly to citrullinated proteins on the surface of osteoclast precursors and directly increase

bone resorption®, possibly through increasing the production of TNF by monocytes®.

- Involved in osteoclasts differentiation and survival. Important for monocyte maturation.

TNF-a - Increase the production of RANKL in osteoblast.
- Induces osteoblasts apoptosis®.
on NF-kB®.
with sclerostin®,
IL-6 - Increase the production of RANKL.
- A predictor of bone loss in postmenopausal osteoporosis®.
IL-17
enhancing osteoclastogenesis through increasing the number of osteoclasts®%,
ACPA
RANKL - Stimulate osteoclastogenesis.
M-CSF
IL-7 - Osteoclastogenic effects.
IL-20 - Osteoclastogenic effects.
IL-17A

- Induces the expression of IL-6, IL-1B, and IL-8 in macrophages and bone cells®’.

- IL-17A mediated the inhibition of Wnt signaling in osteoblasts and osteocytes, as well as bone

formation in vivo®e.

RANKL: receptor activator of nuclear factor-kappa B ligand; IL-7: Interleukin-7; ACPA: anti-citrullinated peptide antibodies; TNF-c:: tumor necrosis factor-alpha;

NF-kB: nuclear factor-kappa B.

in BMD during ART is also associated with a person’s
PA (physical activity) (one cross-sectional study
reported that patients with low PA levels were more
likely to have decreased BMD compared with patients
with high PA levels®), considering the reduction in PA
after the start of ART in patients. PA levels should be
included in further controlled trials.

While the bone loss is indeed prevalent in ART, treat-
ment with specific regimens, such as TDF, has been
one of the most commonly used drugs for many years
for its virological efficacy and few side effects, but in
several controlled trials, TDF has been observed to
induce greater bone loss and higher prevalence of
fracture®®. In this experiment, patients showed
increased levels of bone turnover markers soon after
initiation of TDF-containing ART, such as higher PTH
levels at the beginning of ART treatment, which trans-
lated to higher levels of BMD loss after 24 weeks.

Interestingly, most of the bone loss reported in the
above studies occurred when these antiretroviral treat-
ments contained TDF regimens.

By comparing the effects of TDF and tenofovir alaf-
enamide (TAF) on bone metabolism in patients, we
propose several possible mechanisms for how TDF use
induces bone loss: influence on gene expression of
osteoblasts and osteoclasts in cell signaling and
metabolism, direct toxicity to bone effect, subclinical
proximal tubular dysfunction, and increased PTH-
driven bone resorption, as elevated levels of
B2-microglobulin, a marker of proximal tubular dys-
function, were found in ART experiments that included
TDF®. In addition, strong supporting evidence was
provided by a study letter that primarily assessed the
dynamics of PTH and ALP in patients who switched
from TDF to TAF from June 1, 2016, to March 1, 2018,
and found that both PTH and ALP had decreased from
above-limit levels to normal levels, especially PTH, in
contrast, half of the patients on TDF had PTH levels
above 6.9 p mol/L®. Appropriate low doses of PTH
help to stimulate the development of osteoblasts, while
high levels of PTH promote the transformation of mono-
cytes to osteoclasts, correspondingly inhibiting the
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Figure 2. HIV and antiretroviral therapy (ART) interaction with bone metabolism balance.

HIV and ART interaction with bone metabolism balance. 1: HIV proteins infect osteoclasts through infected osteoclast precursors, peripheral
blood monocytes, and MSCs. HIV gp120 increases CXCR4 expression in mesenchymal cells as a larger source of osteoclasts. In addition,
gp120 accelerates the transfer from immature osteoclasts to osteoclasts, stimulating osteoclastogenesis. 2: HIV tat induces a differentiation
potential change in peripheral blood cells and increases the number of osteoclasts. 3: HIV Rev induces osteoclastogenesis by increasing
ROS and TNF-alpha production and upregulating SOCS-1 and TRAF-6 secretion by osteoclast precursor cells. 4: HIV and Nef increase the
stability, size, and F-actin content of the sealing zone partly through activation of the Src kinase family, which increases the number and
osteolytic effects of osteoclasts. 5: HIV infection induces the production of RANKL in B-cells and T-cells while decreasing the osteoprote-
gerin (OPG)-expression and OPG/RANKL ratio of B-cells, resulting in osteoclastogenesis. 6: the intervention of antiretroviral therapy further
upregulates T-cell RANKL expression and increases parathyroid cell parathyroid hormone. PTH stimulates a change in the differentiation
potential of monocytes. Effects of ART and HIV on the immune interface and endocrine downregulate osteoclastogenesis. 7: HIV gp120
downregulates the Wnt/B-catenin pathway to inhibit the maintenance of bone mass and bone remodeling, leading to a reduction in the
number of osteoblasts. 8: the HIV proteins Nef, Tat, and p55-gag reduce the number of osteoblasts by inducing MSC early senescence. In
addition, both Nef and Tat reduce the cell proliferative activity of bone marrow MSCs and correlate with mitochondrial dysfunction and el-

evated oxidative stress. p55-gag also downregulates osteocalcin expression levels in osteoblasts (Figure 2 is created by Figdraw).

development of osteoblasts, and ultimately improving
blood calcium levels by increasing the degree of bone
resorption. Although a decrease in PTH has been
observed following the conversion of TDF to TAF, it is
unclear whether TDF-mediated bone loss occurs
through an increase in PTH. Future studies should
focus on the changes in bone turnover markers with
changes in PTH levels (Fig. 2).

Using TAF/elvitegravir (EVG)/cobicistat (COBI)/emdt-
tricitabine, compared to patients who continued their
baseline regimen in the lumbar spine and hip compared
with TDF, BMD was found to increase by 1.6%, indicating
that TAF may be superior to TDF in terms of bone safety®’.
Considering the high risk of fracture in patients, it is rec-
ommended that TDF use should be changed to TAF.

Discussion

In this review, we analyzed the possible mecha-
nisms of HIV-induced bone loss from the direct effect
of HIV proteins, the indirect effect of HIV-induced
immune activation, and the direct effect of HIV infec-
tion on osteoclasts. We also highlighted a new way of
direct infection of osteoclasts discovered in recent
studies, pointing out that osteoclasts as newly discov-
ered target cells for HIV infection became a reservoir

for virus replication. Given this, an intervention target-
ing osteoclast precursors is a feasible way to simulta-
neously attenuate viral reproduction and osteolytic
effects. Furthermore, since the RANKL/OPG ratio in
B-cells and T-cells plays an important role in determin-
ing the balance between bone formation and bone
resorption, and since B-cells undergo class switching
when exposed to HIV infection, it is more difficult to
change the ratio reversing this process. The change
from TDF to TAF resulted in lower levels of bone loss
during ART; therefore, TAF/EVG/COBI/FCT should be
considered more in clinical use than TDF. Additional
mechanisms in HIV infection-associated bone loss
should be further investigated. In summary, HIV infec-
tion-induced bone loss involves a variety of cells and
cytokines, and there must be several common factors
that are associated with normal bone inflammation. It
is hoped that this will provide new approaches for
treating HIV-induced bone loss.
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