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Abstract

Despite human immunodeficiency virus (HIV) latency still being a key obstacle to permanent cure of
infection, several synthetic and natural compounds have already been able to efficiently activate HIV-LTR
(long terminal repeat), responsible for re-activating the latent virus. In this study, we report that
dichloromethane extract of Jafropha gossypiifolia species (JGDM) has dual effect for inhibition of HIV-1
infection and agonist of protein kinase C (PKC). Using MT-4 cells infected with HIV-1 NL4.3, we found that
JGDM is able to decrease HIV-1 replication, with an ECso of 17.96 ug/mL and promotes reactivation of latent
provirus in J-Lat 8.4 and 10.6 cells by 4% and 32%, respectively. In addition, the CD4 expression test showed
a 66% reduction of CD4 molecules from surface cells. It was also observed that PKC inhibitor, GO6983
inhibited the reactivation and CD4 downregulation activity, suggesting that bioactive compound present in
the extract acts through the PKC pathway. In conclusion, the dichloromethane extract of J. gossypiifolia
showed dual effect with anti-HIV potential, probably by promoting downregulation of CD4 molecules from
cell surface, and potential for reactivating latent HIV-1 through PKC pathway.

Keywords: Natural Products. HIV. Antiviral. Bellyache bush. PKC agonist.
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Introduction

Over the last two decades, great progress has been made in the fight against human immunodeficiency
virus (HIV), such as the use of highly active antiretroviral therapy (HAART), which drastically reduced the
viral load to undetectable levels and increased CD4* T lymphocyte counts in patients living with HIV,
resulting in reduced mortality, prevention of progression to acquired immunodeficiency syndrome (AIDS),

and increased survival rates of individuals!!-2.

Despite the prolonged suppression of plasma virus by antiretroviral therapy (ART), the major barrier to curing
HIV infection are the ‘provirus’ latent reservoirs, responsible for being a source of HIV when treatment is
interrupted. ART acts through interference with different stages of HIV replication cycle and only inhibits
viruses with active replication activity. Thus, it has little influence on the latent viral reservoirs, making the

latency of HIV a fundamental obstacle to a permanent cure of the infectiontl.

Several therapeutic approaches are being considered to control or eliminate these latent virus reservoirs!.
One of the strategies for reservoir elimination is called “shock and kill’, which aims to treat individuals on
ART with HIV-activating agents to force viral replication in cells with latent virus reservoirstel. Subsequently,
the reactivation of HIV expression would induce viral cytopathic effects, immune clearance, and cell death,
thus eliminating latently infected cells, while uninfected cells are protected by antiretroviral therapy, blocking

de novo infection(8.

Among the approaches studied for the 'shock’ of this strategy, the protein kinase C (PKC) pathway has been
shown to play an important role in the reactivation of cellular latency through nuclear factor kappa B (NF-
kB) signaling, leading to the nuclear translocation of NF-kB and, subsequently, the activation of the HIV-LTR
(long terminal repeat)”l. Several synthetic and natural compounds have already been able to activate PKC
isoforms by binding to their regulatory domain, mimicking the diacylglycerol physiological ligand (DAG), such
as PEP005 (ingenol-3-angelate)@, Ingenol-B, isolated from the Euphorbia tirucalli latex (ingenol-3-
hexanoate), lactone bryostatin-1, isolated from the marine bryozoan Bugula neritint9. However, despite
the wide availability of latency reverse agents (LRAs), some compounds, although active, still present some

barriers such as toxicity and low potencyl!l,

Belonging to the Euphorbiaceae family, the genus Jatropha has more than 70 shrub species between which
lies the species Jatropha gossypiifolia popularly known as "bellyache bush"['2. Pharmacological studies
have demonstrated significant action of the extract and/or isolated compounds from this plant as
antimicrobials, anti-inflammatories, antidiarrheals, antihypertensive and anticancer agents, among others,

supporting some of its popular uses213],

Therefore, in the present work, the dichloromethane extract obtained from J. gossypiifolia leaves, collected

in the Brazilian Amazon, was tested to verify its in vitro antiviral activity and latent HIV reactivation potential.

Materials and Methods

Plant material and extraction

The leaves of J. gossypiifolia Linneus were collected from Rio Branco, Acre, Brazil (9°58'55.9"S 67°49'52.4"W)

in July of 2016. The identification and authentication of the plant was made at the Herbarium of the Zoobotanical
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Park, Federal University of Acre (UFAC) and a voucher specimen was deposited in the herbarium under
registration number UFACPZ20439. The plant material was incubated at 40°C until completely dehydrated and
then triturated to 100 g and used for extraction by exhaustive maceration with 500 mL of ethanol (99%) at room
temperature. The obtained macerate was vacuum filtered and subjected to the rotary evaporator at 55°C as
previously described in literature. The crude alcoholic extract obtained was solubilized on 1:1 methanol and
fractionated by liquid-liquid partition with solvents of increasing polarity in order to obtain the hexane (CeH14),
dichloromethane (CH2Cl2), ethyl acetate (AcOEt), n-butanol (BuOH) extracts followed by solvent evaporation
in rotary evaporator at 55°C. The hexane, ethyl acetate, and n-butanol extracts mentioned above were tested
and found to be non-HIV-reactivating in J-Lat 8.4 cells (data not shown), whereas the dichloromethane extract

was found to be HIV-reactivating, warranting further investigation.
Cells and virus

J-Lat (8.4 and 10.6 clones) and MT-4 cells were kindly provided by AIDS Reagent Program (NIAID). J-Lat
and MT-4 cells were cultured in RPMI 1640 medium (Life Technologies) supplemented with 10% fetal bovine
serum (FBS) at 37°C and 5% COz atmosphere. The HIV-1 (NL4.3) virus stock used was obtained by Abreu
et al® in a previous work where 293LTV cells were transfected with pNL4.3 (AIDS Reagent Program) using

lipofectamine (Life Technologies).
Reagents

PKC inhibitors (G06983, GO6976 and R0O-31-8220 - Sigma- Aldrich), Ingenol-B (Ing-B - Kyolab) and
lamivudine (3TC - AIDS Reagent Program) were used. Ing-B and 3TC were resuspended in dimethyl
sulfoxide (DMSO) to 200 mM concentration and stored in -80°C freezer. PKC inhibitors were resuspended

in DMSO at 10 mM concentration and stored in -20°C freezer.
Cytotoxic effect assay

MT-4 cells were seeded in 96-well microplates at a density of 10* cells per well and incubated with 2-fold
serial diluted concentrations of J. gossypiifolia dichrolomethane (JGDM) extract (2.5 to 80 ug/mL) or 3TC
(0.375 to 48 pg/mL) at 37°C and atmosphere 5% CO2 for 5 days. DMSO-treated cells (mock) were also
incubated and used as positive control. Cell viability was determined using the CellTiter-blue fluorescence
Cell Viability Assay (Promega) following the manufacturer’s instructions. Briefly, 20 pL of CellTiter was added
to each well followed by incubation overnight. After 24 hours, fluorescence was determined on a Spectramax
M2 (Molecular Devices) at 560ex/590em nm.

Anti-HIV-1 activity assay

MT-4 cells were infected with HIV-1 NL4.3 clone (MOI = 0.002) by spinoculation for 2 hours at 1200 x g and
then seeded in 96-well microplates at a density of 10* cells per well. Uninfected cells (mock) were also
submitted to the spinoculation process. After seeding, JGDM extract was added following a 2-fold serial
diluation (2.5 to 80 pyg/mL) and incubation at 37°C and 5% CO2. Because HIV-1 NL4.3 infection leads to cell
death, antiviral activity was distinguished from potential cell death caused by HIV-1 infectivity based on cell
viability. HIV infected cells without extract treatment and mock were used to normalize cell viability values.

3TC (0.375 to 48 ug/mL), previously used by our group, was used as positive controll'l, Five days after
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infection and treatment with JDM extract, cell viability was measured by adding CellTiter-blue fluorescence

Cell Viability Assay (Promega) following the manufacturer’s instructions.
Latent HIV-1 reactivation assay

J-Lat 8.4 and 10.6 clones were used as HIV-1 latency models. J-Lat cell lines are Jurkat cells latently infected
with HIV and contain an enhanced green fluorescent protein (GFP) as reporter gene, which is normally
expressed at a very low level. When the HIV-1 provirus is reactivated, the protein is expressed at a higher
level. Cells were seeded in a 24-well plate at a density of 10° cells per well. Two-fold serial dilutions of JGDM
extract (2.5 to 80 pug/mL) were added, followed by incubation at 37°C with 5% CO, for 24 hours. Untreated
cells (mock) were also incubated and used as a negative control. Moreover, Ingenol-B (0.45 pg/mL),
previously identified as LRA by our group®, was used as positive control. After incubation, the contents of
each well were collected and centrifuged at 400 x g for 4 minutes. After centrifugation, the culture medium
was removed, the cells were washed with 50 uL of PBS and GFP-positive cells were gated using flow
cityometry on BD Accuri C6 cytometer (BD Biosciences). We defined the cells expressing the GFP protein
as GFP-positive cells. The percentage of GFP-positive cells represents the level of HIV-1 reactivation. A
similar protocol was used for the analysis of PKC inhibitors in J-Lat 10.6 clones. However, in this assay, the
cells were pre-incubated for 30 minutes with different PKC inhibitors (GO6983, GO6976 and RO-31-8220)
at 1 yM concentration. Then, the cells were treated with 40 ug/mL of JGDM or Ingenol-B (0.45 ug/mL) for
each inhibitor and incubated for 24 hours at 37°C and 5% COsz.

CD4 surface molecules expression evaluation

MT-4 cells were seeded in 24 wells plate at a density of 10° cells per well. Two-fold serial diluted JGDM extract
(2.5 to 80 ug/mL) was added, followed by incubation of the plate at 37°C and 5% COz2for 24 hours. Ingenol-B
(0.45 pg/mL) was used as positive control®l. Untreated cells (mock) were also incubated and used as negative
control. After that, the contents of each well were collected and centrifuged at 400 x g for 4 minutes. After
centrifugation, culture medium was removed and CD4-Qdot 655 antibody (clone S3.5 - Life Technologies)
diluted 10% in 1x PBS was added to each sample. Not labeled untreated cells were used as blank. After 1 hour
at -4°C, the CD4 surface marker expression was evaluated gating cells with fluorescence using flow cytometry
on BD Accuri C6 cytometer (BD Biosciences). The same protocol used for analysis of PKC inhibitors in J-Lat

10.6 clones was used in MT-4 cells followed by CD4 surface molecules expression evaluation.
Statistical analysis

Cell-based experiments were independently repeated at least three times. CCso and ECso were calculated
using a non-linear regression (curve fit) in the GraphPad Prism 9.3.0 program. The selectivity index was
determined using the formula: S| = CCso/ECso. Statistical analysis was done using Repeated Measures One-
Way ANOVA (RM-One Way ANOVA) or Two-Way ANOVA followed by Tukey’s comparison in GraphPad

Prism program.
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Results and Discussion

JGDM presents antiviral activity against HIV-1

Evaluating the antiviral potential of JGDM, it was observed that JGDM significantly increased (p < 0.05, One-
Way ANOVA followed by Tukey’s) the mean of viable cells in a concentration dependent manner from 10
pg/mL to 40 pg/mL with an ECso of 17.96 pyg/mL (FIGURE 1). The 3TC also effectively inhibited HIV-1
infection in MT-4 cells (data not shown), with the effective dose being similar with our tested compound

(ECs0 = 14.71 ug/mL) and corroborating with previous findings by our groupt4l.

Regarding cytotoxicity, JGDM demonstrated low cytotoxic activity at its effective concentration (40 ug/mL),
with a CCso of 56.66 pg/mL (FIGURE 1). Conversely, the 3TC exhibited cytotoxic activity solely above

effective concentration against HIV-1, primarily observed between 24-48 ug/mL (data not shown).

FIGURE 1: Antiviral activity against HIV-1 virus infection and cytotoxicity of different concentrations of the JGDM extract
in MT-4 cells. The curve is derived from a non-linear regression whereas the values represented correspond to the mean
+ SEM.
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Source: Authors, 2024.
* Represents significant difference (p < 0.05, RM-One-Way ANOVA).

For interpretation of the selectivity index results, when Sl value is greater than 1, it indicates that the
compound has higher selectivity for HIV than for the MT-4 cell, whereas an Sl value less than 1 indicates
that the compound has a higher toxicity for MT-4 than for HIV. In our study the Sl value for JGDM was 3.15.
Taken together these data suggest that JGDM has antiviral activity against HIV-1 in MT-4 cells and is more
active against HIV than for the cell.

JGDM latent HIV-1 reactivation is mediated by PKC pathway

To test JGDM ability in latency, two HIV-1 latency cell models, J-Lat cells 8.4 and 10.6 clones, were treated
with different concentrations of our compound and Ing-B. Our findings indicate that JGDM contains
compounds capable of reactivating latent HIV in J-Lat 8.4 cells, with a maximum of 4% of GFP-positive cells
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at the concentration of 80 pg/mL. In comparison, the Ing-B control enhanced a maximum of 20% GFP-
positive cells, representing a 5-fold difference with JGDM (FIGURE 2A and 2C).

Similarly, J-Lat 10.6 cells exhibited higher sensitivity to latent virus reactivation and showed that JGDM
extract possesses the ability to reactivate latent HIV-1, significantly increasing (p < 0.01, Two-Way ANOVA
followed by Tukey’s comparison) up to 32% of GFP-positive cells in a concentration dependent manner from
10 pg/m to 40 pg/mL (FIGURE 2A and 2C). Although with lower potency compared to Ing-B, it represents a

51% difference with positive control.

Compared to the results obtained with the MT-4 cytotoxicity assay, where 40 ug/mL concentrations showed
no cytotoxic activity (FIGURE 1A), we can consider that the sensitivity of J-Lat 8.4 and 10.6 cells to the

JGDM at this concentration is lower and had no interference in its activity.

FIGURE 2: JGDM extract reactivates latent HIV-1 in J-Lat cells 8.4 and 10.6 and occurs through PKC pathway.

A 20 -t e C J-Lat 8.4 J-Lat 10.6
) Jﬂ == J-Latclone 10.6 g g
80 — R3
g S0 T = 8 'L‘]J_"‘: _____ fgt} 777777
2 1 é 21 e :
. A0 o ‘.ﬂ; !
;o ¢ |
30— - T D‘A e )
‘6 J o " rha e fLtA
® 20+
10-] i i o 8 £
i é £ 8 8
01 - [l An - ) "
T T T T T T 3 B
Mock 0.45 25 5.0 10.0 20.0 40.0 80.0 w 2 [t
x| <5 <
Ing-B S | it is
lug/mL] JGDM concentration [pg/mL] l.'le::, g
€ *
- w
FL1-A
B J-Lat clone 10.6 g H
- 37 2
90— E| = =
] == No compound g R P{“‘.’L ,,,,,
g 3% _____ i
== Ing-B (0.45 pg/mL) S|« ; ™
o ] == JGDM (40.0 ug/mi) E e ‘ B §
3 8o ] : %
o 50) = ° o by
* ] Y
i 40
(L) 3
5 %07 4 :
S 204 E| =
: 2| | =, R
M Py 8lg1 | il &
L | T - E H ! wég,
Control GO6976 G0O6983 RO-31-8220 g &
i g

PKC inhibitor [1 pM]

Source: Authors, 2024.

(A) J-Lat cells (8.4 and 10.6 clones) were incubated with either JGDM extract (2.5 to 80 pg/mL) or Ing-B (0.45 pg/mL) for 24
hours and subsequently the expression of GFP-positive cells was detected by flow citometry. Values represented correspond
to the mean + SD of four experiments. ** and **** represent significant difference (p < 0.01 and p < 0.0001, respectively, by
Two-Way ANOVA followed by Tukey's comparison). (B) J-Lat cells were pre-treated with different PKC inhibitors (GO6976,
G06983 and RO-31-8220) at 1 uM concentration for 30 minutes prior to addition of either JGDM extract (40 pug/mL) or Ing -
B (0.45 pg/mL). GFP expression was assessed 24 h after treatment by flow cytometry. Values represented correspond to
the mean + SD of five experiments. (C) Flow cytometry histograms of gated J-Lat cells (8.4 and 10.6) showing the percentage
of GFP-positive cells when treated either with Ing-B (0.45 pg/mL) or JGDM (40 and 80 pg/mL).
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In addition to the reactivation assay in J-Lat 10.6 cells where inhibition by JGDM was more relevant, inhibitors

of different PKC isoforms were used to verify the activity of JGDM extract with the inhibition of this pathway.

Our results showed that JGDM extract probably acts through the activation of the PKC isoforms, primarily
that regulated by the inhibitor GO6983, as evidenced by a significant decrease (p < 0.0001) in the percentage
of GFP-positive cells when treated with the 40 pg/mL concentration. Compared to the previous level of
approximately 40%, we observed a 30% reduction of HIV-1 reactivation activity (FIGURE 2B)

Similar results were observed with the positive control, suggesting that the active compound present in the
JGDM extract likely acts through the same pathway as Ing-B, as evidenced by the substantial reduction in
GFP-positive cells when the GO6983 inhibitor was present (FIGURE 2B).

JGDM also downregulates CD4 expression through PKC

To investigate the ability of JGDM to change the expression of CD4 molecules on the cell surface, CD4

expression was measured by flow cytometry in MT-4 cells stimulated with JGDM or Ing-B.

Our results showed that JGDM extract has the ability to downregulate the expression of CD4 in human T
cell lineage. In comparison with mock, it is observed that JGDM extract significantly reduced (p < 0.0001)
up to 66% of the CD4 expression in a concentration dependent manner from 2.5 pg/mL to 40 pg/mL
(FIGURE 3A and 3C), meanwhile Ing-B reduced 80% of CD4 expression.

To verify the possibility of JGDM extract acting through the PKC isoforms to downregulate CD4 expression,
three different inhibitors of PKC isoforms were used. Our results indicate that the downregulation activity of
JGDM is associated with the activation and modulation of PKC isoforms. This is evidenced by the fact that,
when inhibited by the GO6983 inhibitor, JGDM significantly increased (p < 0.0001) CD4 expression by 78%,
compared to control CD4 expression of 25% (FIGURE 3B).

Taken together this result shows that the same PKC inhibitor used to inhibit the expression of CD4 molecules
on T cell surface also inhibits the latent HIV reactivation by the JGDM extract. Moreover, GO6983 inhibitor
also reduced the CD4 modulation by Ing-B, reinforcing the hypothesis that JGDM acts through the same
pathway as Ing-B and it contains compounds that can be used for the "shock and kill" strategy.

Natural compounds from plants, marine sources, and other products offer potential for new antiviral
treatments to enhance current combination antiretroviral therapy (cART) by targeting HIV latent reservoirs
and acting as potent inhibitors!*>l. However, no clinical study has yet demonstrated consistent reduction of
viral reservoirs with single latency-reversing agents (LRAs). This highlights the need for new strategies,
including the co-administration of LRAs from different functional classes, as in vitro and ex vivo studies show

that combining distinct LRAs can produce synergistic effects greater than when used individually!6-18l.
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FIGURE 3: JGDM downregulates the expression of CD4 molecules in MT-4 cell surface at different concentrations and
its downregulatory activity is antagonized by PKC isoforms inhibitors.

A c Not labeled

MFI: 1636
)
B
= o
o)
0
) . AN
1 o 1 2 T3 R
Q_ 1} 10 W0 10 10 0 L) L]
5 . Mock
<t ) MFI: 17040
(]
(&)

Mock 0.45 25 5.0 10.0 20.0 40.0 80.0
Ing-B -
JGDM concentration /mL
[pg'lml_] [pg ] . ‘
ING-B 0.45 pg/mL
=== No compound MFI: 3070
== Ing-B (0.45 pg/mL)
120-
B 4 === JGDM (40 pg/mL)
— 100 -
;s . ek o
5 50 N -
<} ] :
GEJ- 60-. JGDM 40 pgimL
zg, - - MFI: 6455
e 0
(=] ]
O 20- ﬂ
0.]

| 1 I
Control G06976 G06983 RO-31-8220

Count

PKC inhibitor [1 uM]

Source: Authors, 2024.

(A) MT-4 cells were stimulated with either different concentrations of JGDM (2.5 to 80 pg/mL) or Ing-B (0.45 pug/mL) for
24 hours. Subsequently, an anti-CD4 antibody was added and expression of the antibody bound to the cell surface CD4
molecules was assessed by flow cytometry. Values represented correspond to the mean + SD of three experiments. ****
represents significant difference (p < 0.0001, Two-Way ANOVA followed by Tukey's comparison). (B) MT-4 cells were
pretreated with different PKC inhibitors (GO6976, GO6983 and RO-31-8220) at 1 uM concentration for 30 minutes prior
to the addition of the extract JGDM (40 pg/mL) and Ing-B (0.45 pg/mL) for 24 hours. Subsequently, an anti-CD4 antibody
was added and expression of the antibody bound to cell surface CD4 molecules was assessed by flow cytometry. Values
represented correspond to the mean + SD of three experiments. (C) Flow cytometry histograms of CD4 expression in MT-
4 cells treated either with JGDM (40 pg/mL) or Ing-B (0.45 pg/mL) showing the mean fluorescence intensity (MFI)
decrease when cells are treated.

Futhermore, to be clinically applicable, effective LRAs should be not only highly potent but also display low
cytotoxic to immune cellsl’l. In summary, our findings revealed that J. gossypiifolia is a source of natural

bioactive compounds for LRAs that could be used as support in reactivating latent reservoirs and prevent
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re-seeding of viral reservoirs, but the main limitation of this study is that the active compound responsible

for the HIV reverse activity is not yet know to be clinically used.

Many naturally derived drugs have been found to be safe and have granted FDA approval, and many have
progressed to clinical trials!'¥. Bryostatin-1, for example, has been tested in over 30 phase | and Il clinical
trials for a variety of cancers29. The cyclic peptide romidepsin, derived from Chromobacterium violaceum,
is approved for treating T-cell lymphomas and has also been shown to induce HIV expression. A recent
clinical study demonstrated that it increases viral RNA levels in the plasma of aviremic patients2122],
Regarding our JGDM extract, it has been shown to be safe and well tolerated in vitro but further testing with

the purified active compound would be necessary for it to be applied clinically.

We show here that dichloromethane extract of J. gossypiifolia reactivates latent HIV-1 in vitro and also has
antiviral activity against HIV-1. It has been also previously described that other Jatropha genus plant, J. curcas,
is able to inhibit HIV-induced cytopathic effects in peripheral blood mononuclear cells (PBMCs) at ICso = 120

pg/mLE23 In comparison with JGDM antiviral activity, J. curcas presents a lower potential than JGDM.

Diterpenes from latex or radix of plants from Euphorbiaceae family like Euphorbia lacteal?4, E. tirucalli9, E.
amygdaloides ssp. Semiperfoliatal?® and E. kansuit?8! have been studied to reactivate HIV-1 provirus in vitro
and to inhibit HIV-1 infection. In comparison with our reactivation positive control, Ing-B, previously isolated
from E. tirucalli, JGDM is less effective in reactivating latent HIV-1 (50% of GFP+ cells with 0.01 yM) and
inhibiting HIV-1 infection (ECso =0.022 uM)&. This could be explained by other compounds present in the

dichloromethane fraction that can be interfering in these activities.

Therefore, we investigated the role of the PKC pathway in reactivating latent HIV-1. Our findings indicate that

JGDM's reactivation activity is reduced by the pan-PKC inhibitor GO6983 and likely functions as a PKC agonist.

PKCs belong to the superfamily of serine/threonine kinases whose members are differentially regulated by
intracellular signals transduction such as increase in calcium concentration, diglycerides and phosphatidic
acid2d. There are at least ten PKC isoforms which can be subdivided into three subfamilies based on their
domain structure and cofactor requirement. The classical or conventional PKC isoforms (a, I, Bll and y) can
be regulated by phospholipids and diacylglycerol (DAG) as well as Ca2+; novel PKC isoforms (8, €, 6, n and
M) can be regulated by phospholipids and DAG but not by Ca2+; while atypical isoforms (¢ and I/A) do not
respond to either DAG or Ca2+, but can be regulated by phospholipids!2Z-28],

Regarding the PKC inhibitors specificity, studies shows that GO6983 inhibits atypical isoform PKCC besides
classical (PKCa, B and y) and new isoforms (only )29, RO-31-8220, on the other hand, has the ability to
inhibit the isoforms PKCa, PKCBI, PKCBII, PKCy and PKCel%. Considering that the atypical isoforms are
not dependent on calcium ions and DAG for its activation, is very unlikely that JGDM has an impact in this

isoform. Moreover, Hezareh et al.’22 found that compounds like diterpenes do not act through this isoform.

Previously studies reported other PKC agonists isolated from Euphorbiaceae family plants, such as
prostratini®l 43-dPE A28, PEPQO05LE], EK-15AE8 or SJ23BEA. Other natural compounds like bryostatin-1
have been also used to reactivate HIV in different cell models and as a partial agonist of PKCESl. Same way
as the JGDM reported here, bryostatin-1 can reactivates HIV-1 through a classical PKC-dependent pathway
(reduced by the PKC inhibitor GO6983) and, as expected, downregulates the expression of the HIV-1 co-

receptors CD4 and CXCR4 preventing de novo HIV-1 infection in susceptible cellst',
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We further investigated whether the anti-HIV activity was partly due to CD4 downregulation. Our data
showed that JGDM effectively downregulates CD4 surface expression, and this effect is reduced by the PKC
inhibitor GO6983. HIV entry involves the interaction of gp120 and gp41 with CD4, CXCR4 and/or CCR5
receptorsi®4. It has been reported that the anti-HIV activity of prostratin is probably due to induction of CD4
and CXCR4 downregulation by promoting endocytosis of CD4 receptors and degradation of these
molecules?9. This internalization can occur because PKC phosphorylation of specific serine residues in the
cytoplasmic domain of the molecule and dissociation of p56ick leads to CD4 recruitment into clathrin-coated
pits and its internalization®3. Therefore, the decreased surface expression of CD4 observed with JGDM
treatment may be an important factor in the blockade of de novo infection and a possible mechanism of
action involved in antiviral activity since as our results showed decreased levels of CD4 molecules in JGDM

treated cells, the virus is unable to interact with entry receptor and consequently to infect the cells.

In addition, when cells were treated with PKC inhibitors, CD4 expression returned to normal levels. Previous
studies showed that compounds like diterpenoids that modulates the PKC pathway, presents a common
pathway-based mechanism of action for inactivation of both HIV and Chikungunya virus (CHIKV)E8l, Indeed,
our group has found that the bioactive compound present in JGDM extract responsible for the PKC-
dependent latent reactivation, CD4 downregulation and inhibition of HIV-1 infection also presents inhibitory

activity for the CHIKYV infection on Vero cells (data not shown).

Conclusion

Therefore, here in this work we show that JGDM extract has antiviral activity against HIV-1 and can perform
the reactivation of latent HIV-1 in J-Lat different cell lines, but with a lower potential than other compounds. In
addition, both reactivation and CD4 downmodulation performed by JGDM are modulated by PKC isoforms and
probably acts through the classical and/or new PKC isoforms, as well as the previously reported PKC agonist
Ingenol-B. These findings are encouraging and further safety and efficacy in vitro and in vivo studies will be

performed to identify the chemical constituents of this extract and to better define the mechanism of action.
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