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HIV as a pro-inflammatory

disease
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Treatment-medicated change in

CD4 count (cells/mm?)

Immune activation affects immune reconstitution
and disease progression on cART
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HIV as a disease of

the gut
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HIV, the gut & inflammation:

(old) partners in crime

Subpopulaton 0T HIV" Control Asymplomatc HIV® AIDS
" . Cell Subset (n=10) (=) (n=15)
my Colleagues and | hypothesized that
clinical symptoms and intestinal injury are ; gﬁﬁﬁiﬁ 45:’;25 gg::;giggglz) uggzggs o‘oz3 Ns
) . (036 t 1115 (0, 63 (0,02, 0,005
directly related to the presence of HIVin |, DR-COM' 1) 14421300 25 17 00001 N§
the mucosa and that the intestinal lamina [ DR-CD36* 54426 7153 (N§) 176:456 (0.0001,0,0002)

propria could be a site of accelerated

infection and destruction of CD4
lymphocytes”

Conclusion

Further studies are required to define the precise mechanism
for HIV-associated intestinal injury and its relationship to HIV
replication. Evidence from this study and others [14] suggests

Kotler JID 1999;179 (suppl 3)



HIV: INFLAMMATION AND GUT DAMAGE
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Chronic HIV on virally-
suppressive cART: nadir
CD4<200/mm3

Healthy HIV
uninfected

Tincati C et al. AIDS 2016
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Persistent microbial translocation and gut damage on long-term cART
started during chronic HIV
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Hyperacute microbial
translocation precedes
viremia

8 macaques infected
with SIVmac239

Logo SIV vRNA copies/ml plasma
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Microbial translocation as continuous

challenge to immune activation
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In vivo LPS

administration enhances

Immune activation

A 0.0313
400 -

— o

£ 3000 i

= %

< 2000{ Sgn0 ©

o o©

O 1000

w

pre-'LPS posttLPS

Pandrea et al Blood 2012

Ex vivo LPS stimulation
enhances monocyte
activation

Y2

// o \ ...:.-.

0
: 8
0,0 000?®

52000, | SpeN
o | %

—_
o
<

o
e

@
e

»
e

% Tissue Factor + Monocytes
N
e

000 Q

Controls V RNA <400¢/ HIV RNA >400¢/m!
fedian (N=19) 11.6% (NX32) 26. (N=28) 45.4%

Funderburg N et al Blood 2010

o



Ex vivo LPS stimulation drives monocyte activation

HIV negative ~ HIV+ maive HIV+ cART

35 HIV+ cART- (n=16) (n=18) (n=35)
treated LPS, pg/ml (IQR) 75 (75-81) 187 (97-427)  T75(73-147) 012
. 196 4 .56 4.7
sCD14, ng/ml (IQR) (2.96.9.67) (3-12.14) 002

1000- = HV neg
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200+ T

M-FOLD
stimulusfunstim

IL-10 CCL-20 IL-23

Merlini E et al Frontiers Immunol 2016




Altered gut microbiota in SIV/HIV

Macaque #575

Macaque #588

Day O Day 7 Day 14 Day O Day 7 Day 14
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Colon biopsies from 17 untreated HIV; 14
uninfected controls
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Prevotella-rich, Bacteroides-poor gut microbioma



Gut dysbiosis as driver
of immune activation
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Activated colon CD4 T cells ¢ Activated colon CD8 T cells
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Taxon P178 inflammation Patients with
ulcerative colitis
Yes No
Lucke et al. J Med Microbiol 2006

Bacteroidetes 54 61
‘Clostridia’ 40 33
Enterobacteriaceae 0 0
Other bacteria 6 6

Antibiotic-treated mice
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Fecal whole metagenome shotgun
sequencing
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Table 2. [actors associated with low-microbial gene counts®

Univariate Multivariate
OR 95% Cl p Value OR 95% ClI p Value
Age Per each additional year 1.03 [1-1.07] 0.074 - - -
Gender Female 1
Male 0.32 [0.10-0.82] 0.028 - - -
Transgender woman - - -
Ethnic Group Caucasian 1
Hispanic-Latin 0.27 [0.11-0.64] 0.003 0.26 [0.10-0.67] 0.006
Asiatic and others® - - - - - -
HIV-1 risk group Non-MSM 1 1
MSM 0.17 [0.06-0.39] <0.001 0.20 [0.07-0.51] 0.002
HIV-1 status Negative 1
Positive 3.68 [1.57-8.89] 0.003 - - -
Nadir CD4+ T-cell count, cells/mm? HIV-1 negative 1 1
>500 2.04 [0.75-5.74] 0.169 2.13 [0.73-6.45] 0.173
200-500 3.09 [1.19-8.37] 0.006 2.92 [1.03-8.62] 0.047
100-200 6.55 [1.86-27.71] 0.023 5.55 [1.40-26.15] 0.020
<100 26.18 [4.40-506.6] 0.003 14.00 [2.02-288.71] 0.023

®Full dataset analysis, n = 156 subjects

®Analysis does not apply because all subjects are included in the same response group

M5M men-who-have-sex-with-men

Guillen et al. Mucosal Immunol 2019




log concentration (mg/ml)

INFLAMMATION
. |

i . R'=-0131

s - -
-
-
.
- —. .- = .
. T——
"~ . ® ® o0 ...—h"——,’
- . . . ——
N e
N
~ L
1= . .
S
>
.
12-

log concentration (pg/ml)

3 R =-0.021
% o 0. .\
- - .
8- . e .. L f.» L
- e, .‘ ...
ety —
s N o .O .’
5 o P o . ~.
.
-~
*
L z -
U
250000 500000 750000

iLe )
P =0.020
R =-0.189

log concentration (pg/mi)

- o’ .
—— c\.
> ‘-o\: 9'® ... . S
- .“' - _-:.
0- P T et
»~ \‘o' Y e .
.'o. e ame
a o: 3
.

o
'

o
]

log concentration (pg/mi)

.-
'

= e ®
E '
X ne
— . =
- - .

8 _4' ’..o -\- ;f .0‘ o.
n" = : .
.‘a L ‘—.. - n ¥ _’“.‘:.'_ Sy
g S AL A
8 -
g |
o
o

1 ¥

250000 00000 TSO000

log concentration (ng/mi)

Lower genetic
richness is
associated with
inflammation

Guillen et al. Mucosal Immunol 2019



g6pdh

6pgd
gr
gpx
ahpc
bcp
tpx
cat
sod2

msrA

KEGG enzymes involved in oxidative stress defense enriched in LGC

A =
A — 1] -
¢V
i FE,."
s
./
77—.3
S ——
=
&
- [T —
==
| == o
[ [
0 3 6
Wilcoxon test statistic
” ~ Alistipes onderdonkil . Bacterodes ovatus . Pravotella stercorea . Roseburia intestinais
ﬁﬁ Alistipes putrecinis - Bacterodes plebewus Acidaminecoccus unclassified . Fosebusta inuSnvorans

l' Baclerociales_noname ma. Bactorodes salyersise

. Bacierodes caccae
. Bacterodes ciarus
. Bacteroides coprocoia
. Bacteroides dorei
. Bactoroides eggerthi
. Bacieroides faeds
. Bacteroides finegoldil
. Baceroices fragilis

. Bacterodes stercoris

==

[ Butyrivitrio crossotus
. Catenibacterum mitsuckal

. Bacterodes lnetemeom:cron. Ciostncium L2_50

. Bacterodes unilcrmis
. Bacteroides vulgatus

. Dorea longicatena

. Ruminococeus dromi
Sveptococzus salivarius
Subdoligranulum unciasstied

| 4 Escherichia coli

. Erysipelotrichacease_nonams D:’orm. Heemophilus parainfluenzae

. Barnesiolla intestinihominis - Eubacterivm cligens

- Odaribacter splanchnicus

Eubacterium rectale

. Parabacieroides distasonis . Eubacterium sirasum

. Parabacieroides merdan

. Bacleroxies massiliensis . Prevotslia cope

. Fascaibacterium prausnitzii
. Rosabura hominis

. Sutierolla wadsworthenss
Caikovirus C2unclassfiod
. Omer taxa(154)

Low gene content were
enriched in genes involved
In reactive oxygen and
nitrogen (ROS/RNS)
metabolism encoded by
Bacteroides and
Proteobacteria

Adaptation of the gut
microbic ecosystem to

continuous (HIV-driven)
oxidative stress

Guillen et al. Mucosal Immunol 2019




Dysbiosis and HIV aquisition?
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Clinical question: does

microbiome affect HIV
acquisition? — issue for PreP
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HIV Transmission

HIV Infection
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Putative
mechanisms
oehind HIV
transmission
in the female
reproductive
tract (FRT)

Burgener A et al. Curr Opin Immunol
2015
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Vaginal microbiome: possible cervicotypes
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Diverse vaginal microbiome across ethnicities

Asian (96) White (97) Black (104) Hispanic (97)

Ravel et al. PNAS 2011



Which mechanism(s)
by which vaginal

bacterial dysbiosis
increases HIV
transmission?
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Vaginal dysbiosis is a cause of genital
inflammation

TABLE 2 Multivariate logistic regression analysis of predictors of genital inflammation

Adjusted

Predictor? Coefficient P value odds ratio® 95% ClI

Location (JHB) 0.7 0.4 C2/C3=

Hormonal contraception (yes) 2.6 9.00e—04 14 3-72 Lactobacillus-rich

STl (any) 0.4 04 cervicotypes
|_Microbiota subtype (C1 vs C2/C3) 3.1 3.00e—07 23 8-84 |

Ethnicity (Xhosa vs other) 0.3 0.7

BMI —0.02 0.7

aAdjusted for all other variables in the table.
bSTI, sexually transmitted infection; JHB, Johannesburg.

Lennard et al. Infec and Immunity 2018
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HIV Transmission
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p value

3.9E-03
1.3E-02
1.7E-02
1.9E-02
2.1E-02
2.5E-02
3.8E-02

Vaginal epithelial barrier proteins are lower in Gardnerella- vs
Lactobacillus-enriched cervicotypes

Increased in L. iners dominant

MARCS
INVO
RL40

W
=
n
o

SPR1A
FABPS
DC1l2
CF132
SARG
S10A6
PRDX2
NDKB
CADH1
AATC
GSHB
PLST

o
O
O

————

Increased in G. vaginalis dominant

Zevin A et al. PLosPath 2016

Cohortl: female partners in
Partner PreP (Kenya); Cohort 2:
uninfected women (US)

Functional annotation
Cytoskeleton (CC)

Epidermis development (BP)
Regulation of mol. function (BP)
Cornified envelope (CC)
Cytosol (CC)

Peptide cross-linking (BP)
Regulation of apoptosis (BP)

Protein abundance

G1: Lactobacillus-enriched;
G2: Gardnerella-enriched

G1 m G2 4 G2 (BV-only)
_PIE04 || P=IEQS
P=8E-04  P=2E02  P=4E-08 P=1.5E-05
f i f i — —
1.0x10%°
1.0x10%4 | J_ :
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1.0x1074 é I F N %)
. | |
1.0x10% ‘ - g i | i
1.0%x10% | M
el =r—r—r—% ¢ —7r—7% ¢ —*r
INVO SPR1A INVO SPR1A
Cohort 1 Cohort 2

Cornified envelope proteins: involucrin
(INVO); Small Prolin-Rich Protein 1A
(SPR1A)



Bacterial species drive FRT epithelial barrier repair
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Vaginal dysbiosis

reduces mucosal
epithelial integrity




HIV-driven dysbiosis:

iInduces mucosal
Inflammation

reduces mucosal

epithelial integrity

Facilitates HIV
mucosal
Infection/transmission




The clinical question:

does dysbiosis affect
PrEP efficay?




Oral PrEP

Topical PrEP

Lower PrEP effectiveness in women versus
men

—

-1
¥ Study population and countries where the study was conducted)
*Effect size calculated from the incidence rate ratio fro women only

Study

TDF2 - daily Tenofovir-Emtricitabine

{(Women & Men - Botswana)®

Partners PrEP — daily oral Tenofovir
(Discordant couples — Kenya, Uganda)

Partners PrEP — daily Tenofovir-Emtricitabine

(Discordantcouples - Kenya, Uganda)

FEMPrEP - daily Tenofovir-Emtricitabine
(Women - Kenya, South Africa, Zimbawe)

MTNOO03/VOICE - daily Tenofovir-Emtricitabine

{(Women -~ South Africa, Uganda, Zimbawe)

MTNO003/VOICE - daily Tenofovir
(Women — South Africa, Uganda, Zimbawe)

CAPRISA 004 - coital Tenofovir gel
{(Women — South Africa)

MTNOO3/VOICE — daily Tenofovir gel
{(Women — South Africa, Uganda, Zimbawe)

FACTS 001 - coital Tenofovir gel
{Women - South Africa)

&
.
| ——
.
PRI EREREEEE
50 60 -40 20 0O 20 40 60 80

Effectiveness (%)

100

Effect size (Cl)

75%* (24; 94)
71%* (37; 87)
66%* (28; 84)
6% (-52; 41)

4% (-49: 27)

-49% (-129; 3)

39% (6; 60)
15% (-21; 40)

0% (-40; 30)

Modified by Klatt CROI 2018



Lower PrEP

effectiveness In
women versus men

Adherence?
Mucosal drug penetrance/pharmacokynetics? seeeis acs

Hum Retrov 2016]

Other biological mechanism(s)? Vaginal
microbioma? Vaginal inflammation?



The Caprisa-004 Tenofovir gel PreP trial

Effectiveness and Safety of Tenofovir Gel,
an Antiretroviral Microbicide, for the

P tion of HIV Infection in W ]
revenuon o niecuaon in vvomen _ o
(- QP Placebo
Quarraisha Abdool Karim,**t Salim S. Abdool Karim,™** Janet A. Frohlich,* Anneke C. Grobler,* fg ' P e Sk
Cheryl Baxter,” Leila E. Mansoor,” Ayesha B. M. Kharsany,* Sengeziwe Sibeko," Koleka P. Mlisana,! & 914 - ' P=0.017
Zaheen Omar," Tanuja N. Gengiah,” Silvia Maarschalk,* Natasha Arulappan, Mukelisiwe Mlotshwa,” &= 012 - -——
Lynn Morris,* Douglas Taylor,” on behalf of the CAPRISA 004 Trial Groupt ; 0.10 . Tonofovir
T 008
3 SEPTEMBER 2010 VOL 329 SCIENCE 8 o0s.
o
a 004 -
0.02
0.00
1 ] I I 1
Months of follow-up 6 12 18 24 30
Cumulative HIV endpoints 37 65 88 97 o8
Cumulative women-years 432 833 1143 1305 1341
HiVinckdenos rates 60vs 112 | 52vs105 | 53vs10.2 | 56vs102 | 5.6vs9.1
(Tenofovirvs Placebo)
Effectiveness 47% 50% 47% 40% 39%
(P-value) (0.064) (0.007) (0.004) (0.013) (0.017)




729

45

685

89

634

140

B9

205

493

281

774

B Mo inflammation
B Inflammation

=100
TFV efficacy

Criteria used
to define
inflammation:

=7 cytokines in
upper quartile

=6 cytokines in
upper quartile

=5 cytokines in
upper quartile

=4 cytokines in
upper quartile

=3 cytokines in
upper quartile

Overall subset with
cytokines measured

Post-hoc prospective
analysis of CAPRISA-004
women (n=774)

FGT inflammation
predicts TFV gel
efficacy in PrEP

McKinnon et al. Nature Med 2018



Probability of HIV infection €

0.25 - TFV, inf. = = = TFV, no inf.
Placebo, inf. = == = Placebo, no inf.
0.20
0.15 | r
.
| Maximal efficacy i
I aximal elTiCacy In
I
0.05 N7t
l TFV-receiving women
0.00 | -
h - - o ” . with no FGT
Months of follow up inflammation
— (/68 0/66 3/55 6/35 7/15 7/
—— 0142 2/140 10/119 14/82 15/36 15/0
— (/100 2/97 5/78 0/48 1117 11/0
- (/143 0/142 0/130 1/97 3/41 4/0

McKinnon et al. Nature Med 2018



688 women from
CAPRISA-004

groups

Proportion

Shannon H

1.0

0.8

0.6

04

0.2

0.0 ¢

= f
’ |

ww Lactobacillus
mm Gardnerella
= Prevolella
Pseudomonas
mm Mobiluncus
Megasphaera
mm Bifidobacterium
. Other
mm Atopobium
s Ruminococcus
W Escherichia
W Streptococcus
B Sneathia
Shutiteworthia
w Peptoniphilus
B Fusobacterium
Peptostreptococcus
mm Porphyromonas
B Ruegeria
== Dialister
Pedobacter

Klatt et al. Science 2017



Probability of HIV infection

Vaginal microbioma dramatically

influences PreP efficacy

0.40- Lactobacillus-dominant e 0.40-

0.35- 0.351

0304 Efficacy, 61% _ S 0.30-
95% Cl, 11 to 84% N= 407 3

0.25- £ 0.25
2

0.20 5 0.201

015 £ 0.5
E

0.10 }P=0-01 3% o0

n.nsf_'_'_‘_'_'_'_|—'7 0.05-

0.004 . . HR = 0.39 (95% CL 0.20; 0.83) 0.00-

0.0

Non-=Lactobacillus-dominant

N=281

Efficacy, 18%
95% Cl, =77 to 63%

— P=0.644

HR = 0.82 (95% CI: 0.40; 1.65)

0.5 1.0 1.5 2.0 2.5 0.0

Years in Study
— Tenofovir Placebo

0.5 1.0

1.5 2.0 2.5
Years in Study

— Tenofovir Placebo

Klatt et al. Science 2017



Tenofovir Fold Change

Bacterial vaginosis-associated
bacteria rapidly metabolize
tenofovir, reducing extracellular
drug availability

Tenofovir (supernatant)

Tenofovir (supernatant)

o 1.29 -4 Abiotic Wilkins Chalgren
2 -¥- Abiotic Tryptic Soy
g 10 -©- P.amnii
&) -9~ P. bivia
% % M. mulieris
L 0.8+ ‘O’ E. coli
3
e BV bacteria
@
F 04 : r .
0 10 20 30

Time (hours)

1 2 24 hours:
' P P. amnii vs. Abiotic (WC): P=0.0007

-4~ Abjotic P. zxg'v‘:Aba::%cc(chx) P=0.0007
1.0 2 M. mulieris vs. Abiofic (WC): P=0.0007

‘B L.iners E. coli vs. Abiotic (TS): P=0.1000
0.8 -©- L. crispatus
0.6 -~ G. vaginalis
0.4 Klatt et al. Science 2017
0.2 4 hours: 24 hours:

G. vaginalis vs. Abiotic: P<0.0001 G. vaginalis vs. Abiotic: P<0.0001

0 10 20 30
Time (hours)

G. vaginalis vs. L. iners: P=0.0037 G. vaginalis vs. L. iners: P<0.0001
G. vaginalis vs. L. crispatus: P=0.0019 G. vaginalis vs. L. crispatus: P<0.0001
L. inersvs. L. crispatus: P=ns L.inersvs. L. crispatus: P=ns



Gardnerella decreases pharmacologically-active TDF by metabolizing tenofovir
before cell uptake, in turn affecting gel adherence estimates based on vaginal drug

levels [Kashuba et al. JAIDS 2015]

# Tenofovir-diphosphate
Formation

-+ TFValone

-v TFV +cells

-e- TFV +cells + G. vaginalis
@ TFV +cells+L.iners

- TFV +cells + L. crispatus

Tenofovir-diphosphate
(mg/mL)

Time (minutes)

60 minutes:
G. vaginalis vs. TFV + cells: P=0.0002 G. vaginalis vs. L. crispatus: P=0.0238
G. vaginalis vs. L. iners: P=0.0022 Lactobacillus spp. vs. TFV/cells: P=ns

Klatt et al. Science 2017



Dysbiotic bacteria metabolize Tenofovir (TFV)

Intraceliular TFV-DP (TFV) - Lactobacilius

a-Diversity

ST e

fBactena Relative Aburdance

Modified by Klatt CROI 2018

Potential reduction of TFV- based PreP
efficacy in vivo!




Dysbiotic bacteria metabolize Dapivirine (DPV)

a-Diversity
m Ingex “

Intraceliular DPV - Lactobacillus
Stgtq; by Nugent Score

mil e

{
3

I

Lahachn Setveemay
LETRAcRN fery
L aem e fue gt

Bacteria Relative Abundance

T

D_apmnne
Modified by Klatt CROI 2018

Potential reduction of DPV-based PreP efficacy in
vivo!




Bacteria do not metabolize Tenofovir Alafenamide (TAF)

intraceliviar TFV-DF (TAF) - Lactobacillus

v Nagant fuore 154

§

- o -
= P b W
g — 20.!-
: =
kS :—__’__ 0
3 o e &
& i TAF
i - ;
ool > R 5208

Rate of Degracation
y
S

Pt

Modified by Klatt CROI 2018 Lactobecilius

Higher efficacy for TAF-based PreP ?




4

3.5

HIV Incidence per 100 person years
N

0.5

0

Interaction p=0.9

Efficacy
73%

3

35

0.9

Efficacy
63%
—e
35

1.8

Bacterial Vaginosis Intermediate

(Nugent 7-10)

(Nugent 4-6)

Bacterial vaginosis

Efficacy
77%

—t
25

06

Normal
(Nugent 0-3)

Interaction p=0.7

Interaction p=0.9

|

Efficacy
69%

—

34

1.2

Detected
(score 1-4)

Efficacy
77%

—L
2.5

0.6

Undetected
(score =0)

Gardnerella/Bacteroides
component

Efficacy
70%

—L
2.5

0.7

Detected
(score 1-4)

Efficacy
74%

-

39

11

|

Undetected
(score = 0)

Lactobacillus
component

1470 women in
Partners PrEP
study

mPrEP
O Placebo

No influence
of vaginal
dysbiosis of
oral PrEP
effectiveness

Heffron et al. Lancet HIV 2017



Pro-inflammatory
challenge eDysbiosis

eResidual HIV replication

e Co-infections

eGut damage, microbial
translocation

Inflammation/immune activation eLymphoid fibrosis

E—— many more (7

Disease progression (with Immune reconstitution to
and without cART) cART

HIV acquisition




Targeting the microbiome for HIV

cure?

Restoring the Microbiome
in HIV Infection

Probiotics

Prebiotics

ART with intestinal
penetration

Normalized
microbiota

Fecal microbiota
transplant

Reduced systemic
inflammation and
immune activation

Short term diet
modification

Targeting the Reservoir in

HIV Infection

Immunotherapeutics

Latency Reversing

Agents

Early ART

\

/

|

Reduce HIV latent
reservoir

Improve HIV vaccine
responses

~
P

HIV Remission and
Cure

Wei Li et al. Curr Opin HIV AIDS 2018
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