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Inhibitory effect of glycyrrhizin on the neutrophil-
dependent increase of R5 HIV replication in cultures of
macrophages

Tsuyoshi Yoshida!, Makiko Kobayashi!, Xiao-Dong Li?, Richard B Pollard? and Fujio Suzuki'

It has been described that polymorphonuclear neutrophils (PMNs) enhance the replication of CC-chemokine receptor
5/macrophage-tropic (R5) HIV in cultures of monocyte-derived macrophages (MDMs). In this study, the inhibitory effect of
glycyrrhizin (GL) on R5 HIV replication influenced by PMNs was investigated in MDM cultures. The replication of R5 HIV in
MDMs was greatly enhanced when cells were co-cultured with freshly isolated PMNs (syngeneic to MDMs). When GL was added
to this culture, however, the viral replication enhanced by PMNs was completely inhibited. CCL2 and interleukin 10 (IL-10)
were produced in cultures of PMNs exposed to R5 HIV, and the replication of R5 HIV was greatly enhanced in MDM cultures
supplemented with a mixture of recombinant CCL2 and IL-10. However, CCL2 and IL-10 were not produced by PMNs exposed
to R5 HIV, when GL was added to the cultures. In the presence of GL, these soluble factors were not detected in co-cultures of
MDMs and PMNs exposed to R5 HIV. In addition, the replication of R5 HIV in MDMs stimulated with CCL2 and IL-10 was not

directly influenced by GL. These results indicated that GL suppresses the PMN-dependent increase of R5 HIV replication in
MDMs through inhibiting CCL2/IL-10 production by PMNs stimulated with R5 HIV.
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The major targets for HIV infection are cells expressing CD4 mole-
cules and HIV entry co-receptors on the cell surface. The difference in
chemokine receptors is important for the cellular tropism of HIV. The
[-chemokine receptor, CCR5, is the major co-receptor for macro-
phage-tropic strains of HIV (R5 HIV),"? whereas the a-chemokine
receptor, CXCR4, facilitates entry of T-tropic HIV strains (X4 HIV).3
The R5X4 HIV uses both CCR5 and CXCR4 co-receptors.*® R5 HIV
replicates in monocyte-derived macrophages (MDMs), but not in
primarily isolated monocytes.”” As primarily isolated monocytes do
not express CCR5 on their surface, R5 HIV cannot enter into the
cells.'®!! X4 HIV replicates in cultures of T cells.'?

Recently, we showed that polymorphonuclear neutrophils (PMNs)
stimulate R5 HIV replication in MDMs.!? Greatly increased replica-
tion of R5 HIV was shown in co-cultures or transwell cultures between
MDMs exposed to R5 HIV and freshly isolated PMNs (syngeneic to
MDMs). CCL2 and interleukin 10 (IL-10) were produced by PMNs
exposed to R5 HIV, and the replication of R5 HIV was not accelerated
in MDM/PMN transwell cultures supplemented with a mixture of
mAbs (monoclonal antibodies) for CCL2 and IL-10. In contrast, the
replication of R5 HIV was accelerated in MDM cultures supplemented
with a mixture of recombinant CCL2 and IL-10. These results indicate
that, through the production of CCL2 and IL-10, PMNs influenced by
R5 HIV enhance the replication of R5 HIV in MDM cultures.

Earlier, we have shown that the HIV replication is inhibited
by glycyrrhizin (GL, an active component of licorice) in CD8%
T cell-depleted HIV patient peripheral blood mononuclear cells
(PBMCs) co-cultured with healthy donor PBMCs.!* CCL4 and
CCL5 produced by healthy donor PBMCs are identified as effector
molecules for the anti-HIV activity of GL.I> In this study, the
inhibitory effect of GL on the PMN-associated enhancement of R5
HIV replication in MDMs was investigated. In Japan, GL has been
used clinically for more than 20 years in patients with chronic
hepatitis.!®!° The antiviral activities of GL against human cytomega-
lovirus, herpes simplex virus type 2, influenza virus and coronavirus
that are related to severe acute respiratory syndrome have been
reported.?%-23

RESULTS

Effect of GL on R5 HIV replication influenced by PMNs

To determine the inhibitory effect of GL on the PMN-associated R5
HIV replication, MDMs (5x10° cellsml™!) exposed to 15.8 TCIDs
per ml of R5 HIV were co-cultured with PMNs (5x10° cellsml—},
syngeneic to MDMs), in the presence of GL (100 ugml~!). Viral
replication was not shown in cultures of MDMs exposed to 15.8
TCIDs, per ml of R5 HIV, whereas R5 HIV was shown to be replicated
in MDMs co-cultured with PMNs. The viral replication in MDMs
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Figure 1 Effect of GL on the replication of R5 HIV in MDMs co-cultured with PMNs (syngeneic to MDMs). MDMs (5x 105 cellsml~1) were exposed to 15.8
TCIDsg per ml (a) or 1580 TCIDsg per ml (b) of R5 HIV for 3 h. After washing excess viruses, these cells were co-cultured with healthy donor PMNs (5x 108
cellsml~1, syngeneic to MDMs) in the presence (filled triangles) or absence (filled circles) of GL (100 ugmi~1). As a control, MDMs exposed to R5 HIV were
cultured with media (open circles). The co-cultivation (c) was performed in the presence of various doses of GL for 15 days. Fifty percent of the medium was
changed every 5 days. The quantity of p24 antigen in culture fluids of these cells was determined by ELISA. The results shown are representative of three

replicate experiments. *P<0.01 compared with the untreated group.

co-cultured with PMNs was not shown when cultures were performed
with GL (Figure 1a). In the next experiments, MDMs were exposed to
1580 TCIDsy per ml of R5 HIV and co-cultured with PMNs. As
compared with the control (the growth of R5 HIV in MDMs), the
viral replication in MDMs co-cultured with PMNs enhanced eightfold
(Figure 1b). At this time, the viral replication was completely inhibited
by GL in co-cultures between MDMs and PMNss (Figure 1b). A dose—
response inhibitory effect of GL in the co-cultures between MDMs
exposed to 1580 TCIDsy per ml of R5 HIV and healthy PMNs was
examined. As shown in Figure lc, significant inhibition of the viral
replication was shown, when GL at doses ranging from 1ugml~! to
100 ugml~! was added to the cultures. From the figure, a 50%
inhibition was indicated when the cultures were performed with
1pugml~! of GL.

Next, the inhibitory effect of GL on R5 HIV replication in MDMs
transwell cultured with PMNs was examined. MDMs (lower chamber)
exposed to 1580 TCIDs, per ml of R5 HIV were cultured with PMNs
(5x10° cellsml~!, upper chamber) in double chamber transwells
supplemented with 100 ugml~! of GL. At 24h after cultivation, the
upper chamber was removed and MDMs in the lower chamber were
cultured for an additional 14 days. Culture fluids harvested were
assayed for p24 antigen. In the results, 42 860 + 4640 pgml~! of p24
antigen was detected in the culture fluids of MDMs, whereas

2200 pgml~! of the antigen (95% decrease) was detected in the same
cultures supplemented with GL (Figure 2).

Inhibition of CCL2 and IL-10 production by GL in cultures

of PMNs exposed to R5 HIV

Polymorphonuclear neutrophils influenced by R5 HIV produced
CCL2 and IL-10, whereas these factors were not produced by healthy
donor PMNs. Therefore, the effect of GL on the production of IL-10
and CCL2 by PMNs previously exposed to R5 HIV was examined.
Thus, PMNs (2x10° cellsml™!) stimulated with 1580 TCIDs, per ml
of R5 HIV for 3 h, were washed with media, and cultured with GL
(100 ugml~!) for an additional 18h. Culture fluids harvested were
assayed for CCL2 and IL-10 by ELISA. In the results, 3.4ngml~! of
CCL2 and 158 pgml~! of IL-10 were detected in the culture fluids of
PMNss pulse-treated with the virus. However, the production of CCL2
and IL-10 by PMNs exposed to the virus was greatly decreased
(85-90% reduction), when cultures were performed with
100 ugml~! of GL (Figure 3).

Effect of GL on R5 HIV replication in MDMs stimulated

with a mixture of rCCL2 and rIL-10

In the presence of a mixture of CCL2 and IL-10, the effect of GL on R5
HIV replication in MDMs was examined. The replication of R5 HIV
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Figure 2 Effect of GL on R5 HIV replication in MDMs transwell cultured
with PMNs. MDMs (5x10° cellsml~!, lower chamber) were exposed to
1580 TCID5g per ml of RS HIV for 3 h. After washing, these cells were
cultured with PMNs (5x 106 cellsml~1, upper chamber) in double chamber
transwells supplemented with or without GL (100pgmli=1). At 24h after
cultivation, the upper chamber was removed and cells in the lower chamber
were cultured for an additional 14 days. As controls, with or without
100pgml~! of GL, MDMs exposed to the virus were cultured alone. The
quantity of p24 antigen in the culture fluids of these cells was determined
by ELISA. The results shown are representative of three replicate
experiments. *P<0.01 compared with the untreated group.
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Figure 3 Effect of GL on CCL2 and IL-10 production by PMNs exposed to
R5 HIV. PMNs (2x 106 cellsml~1) were exposed to 1580 TCIDsg per ml of
R5 HIV or ultraviolet (UV)-inactivated R5 HIV for 3h. PMNs not exposed to
the virus were cultured as a control. The cells were washed with media and
re-cultured with or without 100pugmi=1 of GL for 18h. Culture fluids
harvested were assayed for CCL2 and IL-10. The data are displayed as the
meants.e.m., and are representative of three experiments. *P<0.05
compared with control.
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in cultures of MDMs was greatly increased when a mixture of rCCL2
(2ngml~!) and rIL-10 (0.2ngml~!) was added to these cultures. In
these cultures, however, viral replication was not suppressed by GL
(Figure 4). These results indicate that R5 HIV replication enhanced by
a mixture of CCL2 and IL-10 is not influenced by GL.

DISCUSSION
In our earlier studies,!*!> GL was shown to be inhibitory on the
replication of R5 HIV in PBMC:s from patients with R5 HIV infection,
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Figure 4 Effect of GL on HIV replication in MDM cultures supplemented
with a mixture of CCL2 and IL-10. MDMs (5x10% cellsml~1) exposed to
1580 TCIDsg per ml of R5 HIV were cultured for 3 days. Then, cells were
washed and re-cultured with fresh medium added with a mixture of rCCL2
(2ngml=1), rIL-10 (0.2ngml=1) and GL (100pgmli=!) for 12 days. The
quantity of p24 antigen in the culture fluids of these cells was determined
by ELISA. Data shown in this figure are derived from three independent
experiments using different donors. The data are displayed as the
mean £ s.e.m.

or MDMs exposed to R5 HIV. In these studies, the anti-HIV activity of
GL was displayed through the induction of CCL4 and CCL5 produc-
tion. One of the cellular entry sites of R5 HIV (CCR5) on the surface
of target cells is blocked by these chemokines.!= In addition, anti-R5
HIV activity of GL was shown in monocytes, which were previously
treated with 1-methyladenosine.!> CCR5 expression in monocytes was
stimulated by CCL2 and IL-10, which were released from the same
monocytes treated with 1-methyladenosine. However, in the presence
of GL, CCL2 and IL-10 were not produced by monocytes treated with
1-methyladenosine.' In this paper, the inhibitory effect of GL on R5
HIV replication in MDMs co-cultured with PMNs was examined. The
replication of R5 HIV in MDMs was greatly enhanced when these cells
exposed to the virus were co-cultured with PMNs. Enhanced R5-HIV
replication in MDMs co-cultured with PMNs was inhibited by
1-100 ugml~! of GL. Over 95% inhibition of the viral replication
was shown when GL at a dose of 100 pgml~—! was added to the co-
cultures. A 50% inhibition was shown when 1 pgml~! of GL was added
to the co-cultures. The non-cytotoxic properties of GL have been
reported in many papers.?*2% GL at concentrations ranging from 1 to
200 pgml~! is not cytotoxic against various murine and human tissue
culture cells. In addition, we tested the toxicity of GL on human PMNE.
By trypan blue dye-exclusion test, 90% or more of PMNs were shown
to be viable, after cultivation of healthy donor peripheral blood PMNs
(1x10° cellsml™!) for 18 h with RPMI-1640 medium supplemented
with 10% fetal bovine serum and 300 pig ml~! GL. Under microscopic
examination, morphological changes of 18 h-cultured PMNs with GL
were not shown. These previous descriptions and our data indicate that
cytotoxic properties of GL are not involved in its antiviral activity
against R5 HIV replication in MDMs co-cultured with PMNs.

The antiviral mechanism of GL against enhanced replication of R5
HIV in MDMs co-cultured with PMNs was examined next. Some
soluble factors released from PMNs have been indicated as effector
molecules to enhance the replication of R5 HIV in MDMs, because the
viral replication has been greatly enhanced in MDM:s transwell
cultured with PMNs. Indeed, the enhanced viral replication was not
shown when a mixture of mAbs directed against CCL2 and IL-10 was
added to this transwell culture.!® In contrast, without PMNs, replica-
tion of R5 HIV was greatly enhanced in MDM cultures supplemented
with a mixture of rCCL2 and rIL-10. In this study, the replication of
R5 HIV was not enhanced in MDMs and PMNs transwell cultures
supplemented with GL. However, the enhanced R5 HIV replication in



MDM cultures supplemented with a mixture of rCCL2 and rIL-10 was
not influenced by GL. GL suppressed the released of CCL2 and IL-10
from PMNs influenced by R5 HIV. These results indicate that GL
suppresses the enhanced replication of R5 HIV in MDMs transwell
cultured with PMNs through the inhibition of CCL2 and IL-10
production from PMNs influenced by R5 HIV.

In our assay system, MDMs previously exposed to 1580 TCIDs per
ml of R5 HIV (bottom chamber) were cultured with PMNs (upper
chamber) in a double chamber transwell for 24 h. There is a possibility
that, in this transwell culture (0.4 um pore), small amounts of HIV
could pass through the transwell membrane from the lower chamber
to the upper chamber, and viral particles that pass through the
membrane could stimulate PMNs to induce IL-10/CCL2 production.
In addition, it has been described that HIV-infected monocytes have a
function to produce high levels of tumor necrosis factor o (TNF-o)
and 1L-6.2728 Although in our system, we did not test the function of
HIV-infected MDMs to produce TNF-a and IL-6, there is a possibility
that MDMs exposed to HIV may have an ability to produce TNF-o
and IL-6. In addition, small numbers of monocytes contaminating the
PMN preparation may have a possibility to produce TNF-o and IL-6.
As our PMN preparations utilized in the experiments were not
completely pure (93% pure cells), further studies for the clarification
of a role of TNF-o/IL-6 will be needed in our transwell-cultivation
system.

It has been described in many papers!>?*-33 that CCL2 and IL-10
enhance the replication of R5 HIV in tissue culture cells. Thus, the
replication of R5 HIV in patient PBMCs depleted of CD8* T cells was
increased by CCL2,%° and intracellular growth of R5 HIV in MDMs
was enhanced by rCCL2.3° In addition, IL-10 increases R5 HIV
replication in cultures of monocytes’! and MDMs.3>3? In our earlier
study,!> R5 HIV was grown in freshly isolated monocytes previously
treated with 1-methyladenosine. CCL2 and IL-10 were produced by
monocytes stimulated with 1-methyladenosine.

Further, we examined the mechanism by which R5 HIV stimulates
CCL2 and IL-10 production by PMNs. When PMNs were stimulated
with ultraviolet (UV)-inactivated HIV (corresponds to 1580 TCIDs,
of viable HIV), significant amounts of CCL2 and IL-10 were not
detected in their culture fluids, whereas these soluble factors were
produced by PMNs stimulated with viable R5 HIV. This indicates that
CCL2 and IL-10 are inducible by viable R5 HIV (but not inactivated
HIV) in cultures of PMNs. Although peripheral blood PMNs are
known to unconventionally express endogenous CD4 and bind to
HIV; it remains unclear what receptors on PMNs were triggered by R5
HIV. Further studies will be required.

METHODS

Reagents

Recombinant human IL-10 and CCL2 were purchased from PeproTech (Rocky
Hill, NJ, USA). mAbs for IL-10 and CCL2 were obtained from BD PharMingen
(San Diego, CA, USA). GL was supplied by Minophagen Pharmaceutical Co.,
Ltd, Tokyo, Japan. According to our previous papers,'®!> 1 mg of GL was
dissolved in 1 ml of culture medium at room temperature, and it was further
diluted to appropriate concentrations when used in experiments.

Media and MDMs

The PBMCs were prepared from heparinized whole blood by Ficoll-Hypaque
sedimentation.!> Monocytes were isolated from PBMCs using fibronectin-
coated plates, as previously described.!® Briefly, PBMCs (1x107 cellsml™!)
were placed into fibronectin-coated 24-well plates. The plates were incubated
for 15min at 37 °C to allow monocytes to attach, and then floating cells were
removed by washing with warm medium. The attached monocytes were
maintained in culture for 7 days with RPMI-1640 medium supplemented with
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10% heat-inactivated human AB serum (Sigma-Aldrich, St Louis, MO, USA),
2 mM L-glutamine and antibiotics to allow differentiation into MDMs, and then
used for HIV infection.

R5 HIV

R5 HIV (SF162 strain) was propagated in healthy donor PBMCs stimulated
with PHA (5pugml™!) for 3 days. Cell-free supernatant was harvested at peak
viral infection, and stored at —80 °C, as previously described.!

Isolation of PMN’s

Polymorphonuclear neutrophils were isolated from whole peripheral blood
using Ficoll-Hypaque and dextran sedimentations.>* Thus, after the Ficoll-
Hypaque sedimentation of whole blood, precipitates were obtained as a PMN-
rich fraction. To eliminate erythrocytes, precipitates were suspended in 1%
dextran and kept for 30 min at room temperature. The resulting PMN fraction
was further treated with erythrocyte-lysing buffer (R&D Systems, Minneapolis,
MN, USA) to eliminate the remaining erythrocytes. Contaminating monocytes
and lymphocytes were eliminated using magnetic beads coated with anti-CD14
and anti-CD3 mAbs. The purity of PMNs finally obtained was 93% or more,
when it was analyzed by Wright—Giemsa staining. The cell viability was higher
than 99%, when it was determined by trypan blue dye-exclusion test.

R5 HIV replication in tissue cultures

Co-cultivation. Monocyte-derived macrophages (5x10° cellsml™!) were
exposed to R5 HIV (15.8 or 1580 TCIDs, per ml) for 3h. Afterwards, excess
viruses were removed by washing with warm medium, and these cells were co-
cultured with PMNs (5x10° cellsml™!). Every 5 days, culture fluids were
harvested after co-cultivation, and the amounts of HIV p24 antigen in the
culture fluids were measured by ELISA (Beckman Coulter, Somerset, NJ, USA).

Transwell cultivation. Monocyte-derived macrophages (lower chamber)
exposed to 15.8 TCIDs, per ml of R5 HIV were cultured with PMNs (5x 10°
cells per ml, upper chamber) in double chamber transwells (0.4 um pore,
Corning Costar, NY, USA). At 24h after cultivation, the upper chamber was
removed and the cells in the lower chamber were re-cultured for 14 days. The
quantity of p24 antigen in the culture fluids of MDMs was determined by
ELISA.

Assay of GL antiviral activities

Monocyte-derived macrophages exposed to R5-HIV were co-cultured or
transwell cultured with PMNs as mentioned above, in media supplemented
with 0.1-100 pgml~! of GL (test group) or media (control group). A total of
5-15 days after cultivation, culture fluids were harvested from both groups and
the amounts of HIV p24 antigen in the culture fluids were measured by ELISA.

Effect of CCL2 and IL-10 on R5 HIV replication in MDMs

A mixture of rCCL2 (2ngml~!) and rIL-10 (0.2 ngml~!) was added to MDMs
treated with 100 pgml~! of GL 72h after R5 HIV infection (15.8 TCIDs, per
ml). The quantity of p24 antigen in the culture fluids of MDMs was determined
by ELISA.

CCL2 and IL-10 production by PMNs exposed to R5 HIV
Polymorphonuclear neutrophils (2x10° cellsml™!) were exposed to 1580
TCIDsq per ml of R5 HIV. At 3 h after cultivation, the cells were washed with
media, and re-cultured with 1-100 g ml~! of GL. At 18 after cultivation, the
amounts of CCL2 and IL-10 in the culture fluids were measured by ELISA. The
detection limits for IL-10 and CCL2 were 8 and 16 pgml~!, respectively. Each
assay was performed three times.

Statistical analysis

Data shown in each figure are derived from three independent experiments
using different donors. Data are presented as mean * s.e.m. All results were
statistically analyzed by ANOVA (analysis of variance) using Statview 4.5 (Brain
Power, Calabasas, CA, USA). If a P-value was lower than 0.05, the result was
considered to be significant.
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