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Abstract

Chronic inflammation may contribute to HIV persistence through a number of potential pathways.
We explored the impact of immunosuppressant therapy on peripheral blood measures of HIV
persistence following kidney transplantation. Stored plasma and peripheral blood mononuclear
cells prior to transplantation and at weeks 12, 26, 52 and 104 post-transplant were obtained from
91 transplant recipients. In a multivariate model, higher pre-transplant plasma HIVV RNA level
(p<.0001) and a longer duration of follow-up post-transplant (p=0.09) were associated with higher
post-transplant plasma HIV RNA levels. A higher baseline HIV DNA (p<.0001) was significantly
associated with higher HIVV DNA levels post-transplant, while higher CD4+ T cell count
(p=0.001), sirolimus use (p=0.04) and a longer duration of follow-up (p=0.06) were associated
with lower post-transplant HIV DNA levels. The association between sirolimus exposure and
lower frequency of cells containing HIVV DNA levels post-transplant suggest that the immune-
modifying drugs may affect the level of HIV persistence during effect therapy. Future studies of
sirolimus as a reservoir-modifying agent are warranted.
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INTRODUCTION

Modern antiretroviral regimens are able to suppress HIV replication and consequent immune
system damage. However, these drugs must be taken daily for life, are expensive and often
have side effects that make required adherence challenging. Many patients are unable to
access or adhere to these drugs indefinitely. Novel curative strategies are now being actively
pursued to address these limitations (1). The fact that a single person has apparently been
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cured with a hematopoietic stem cell transplant suggests that such an outcome is at least
possible (2).

HIV persists at low levels indefinitely despite complete or near complete suppression of
HIV replication with therapy (3). Many mechanisms likely account for persistence.
Although many groups have focused on the molecular biology of HIVV DNA transcription (4,
5), our group has taken a broader approach by focusing on the complex roles that
inflammation, immune dysfunction and/or T cell homeostasis might have on the viral
reservoir. HIV-associated T cell activation and generalized inflammation often persist
during long-term antiretroviral therapy (6, 7). The size and perhaps distribution of the
reservoir is associated with frequency of cells expressing markers of activation and
dysfunction (e.g., CD38, HLA-DR, Ki67, CCR5 and PD-1) (8, 9). Theoretically, this
persistent inflammatory environment might contribute to HIV persistence through at least
four independent mechanisms: (a) activating viral replication in latently-infected T cells, (b)
increasing the availability of susceptible target cells (making de novo infection more likely),
(c) inhibiting the function of the adaptive immune system, and/or (d) stimulating the
proliferation and expansion of memory T cells harboring replication competent HIV (10).
The potential role of immune-based therapeutics that interrupt one or more of these
mechanisms as a component of a curative strategy is now recognized as a key research
question in the field (1).

Sirolimus (rapamycin) is a naturally occurring macrolide antibiotic that inhibits the
mammalian target of rapamycin (mTOR), a key regulatory kinase which controls cell-cycle
progression (11). Sirolimus has complex effects on T cell activation and function (12) and
blocks progression from the G1 to S phase in activated T cells. In contrast to cyclosporing,
the inhibitory effect of sirolimus on cell-cycle progression appears to be limited to T cells
that are activated by cytokines and does not occur in T cells activated directly by antigen-
TCR engagement (13, 14). Also, in contrast to cyclosporine, MHC class | or class |1
restricted antigen presentation by dendritic cells is not inhibited by sirolimus, at least in vitro
(15). In the murine and non-human primate models, sirolimus enhances the formation of T
cell memory and antibodies in response to vaccination (16, 17). Moreover, sirolimus appears
to enhance T regulatory cell function in humans, which may have both beneficial and
harmful effects on immune function (18, 19).

Some have argued that sirolimus may have potential utility in the management of HIV
infection (20). Sirolimus reduces CCR5 expression on T cells, which may make them less
susceptible to HIV infection (21-23). Dendritic cells exposed to sirolimus in vitro failed to
make interferon-alpha when exposed to deactivated HIV (24). In a recent pilot study
involving seven HIV-infected adults with Kaposi’s sarcoma, sirolimus was well-tolerated
and resulted in partial remissions of Kaposi’s sarcoma in three individuals (25). Sirolimus
also blocks the negative effect HIV has on autophagy, which might result in a less favorable
environment for HIV replication (26).

Our group has established a prospective cohort assessing the safety and efficacy of liver and
kidney transplantation in HIV-infected persons (27). The majority of study participants
entered the cohort on a stable fully suppressive antiretroviral drug regimen and remained on
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an effective regimen during the transplant and post-transplant periods. Although no standard
immunosuppressive regimen was used during the transplantation, most patients received a
combination regimen that included cyclosporine, tacrolimus or sirolimus, mycophenolate,
and/or prednisone. We performed a retrospective analysis to determine if
immunosuppressive therapies result in a reduction in the size of the HIV reservoir, as
defined by the level of plasma HIV RNA, cell-associated RNA, and cell-associated DNA
(“proviral DNA”). Given the possible beneficial effects that sirolimus may have on the
reservoir, we were particularly interested in the effects of this drug on the reservoir relative
to other immunosuppressive drugs.

MATERIALS AND METHODS

Cohort

Subjects were identified retrospectively from the “Solid Organ Transplantation in HIV:
Multi-Site Study (A1052748)”, which is an NIH-funded study of HIV-infected individuals
receiving either a kidney or liver transplant. Over 250 HIV-infected adults were enrolled in
the parent study. Plasma and PBMCs were collected prior to transplantation (“baseline”) and
at weeks 12, 26, 52 and 104 post-transplant. Eligible subjects had CD4+ T cell counts = 200
cells/mm?3 and an undetectable (<50 copies/mL with the Amplicor Monitor Ultrasensitive
PCR assay, or <75 copies/mL with the bDNA Versant version 3.0 assay) plasma HIVV RNA
level pre-transplant. Post-transplant immunosuppression was required of all subjects to
prevent rejection. The decision as to which regimen was used was a clinical decision that
was made at the local center, and not standardized across subjects. For this analysis, we
identified from this cohort those study participants who were on a stable antiretroviral
regimen, and who did not interrupt antiretroviral therapy for more than 3 days in the post-
transplant period.

Measurements

Stored plasma and peripheral blood mononuclear cells (PBMCs) at baseline and weeks 12,
26, 52, and 104 were analyzed for plasma HIV RNA levels, cell-associated RNA levels and
proviral DNA levels using previously described methods (28-32). We used the isothermal
Transcription Mediated Amplification (TMA) (Aptima, Gen-Probe) assay to measure
longitudinal plasma HIV RNA levels. This is a nucleic acid-amplification test that has been
FDA-approved for the early detection of HIV infection in blood donors and validated for
clinical use (33, 34). It is a highly specific and sensitive assay, with a 50% detection limit of
3.6-14 copies RNA/mL when performed in singlicate (35, 36). The sensitivity of the TMA
assay is <3 RNA copies/mL when 4 replicates (each testing 0.5 mL of plasma) are
performed. The output for the TMA assay is a signal/cutoff (S/Co) ratio (range 0-30), with
S/Co <1.0 considered HIV RNA “negative” and S/Co >1.0 considered “positive.” In
previous studies by our group using this assay, the proportion of subjects with low-level
detectable viremia after one year of viral load suppression was 76%—-87% and did not
change over seven years of viral suppression (31).

We have also recently modified the TMA assay to measure cell-associated RNA (32, 37).
As previously described, stored PBMCs were thawed at 37°C and rinsed twice with PBS.
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An aliquot of PBMC was then resuspended in 0.5 mL of PBS before the addition of 0.4 mL
of lysis buffer containing detergent and denaturing agents as well as target-capture and
amplification reagents used for TMA assay (GenProbe, Inc., San Diego, CA). In our recent
study of “elite” controllers and long-term antiretroviral treated patients, this assay proved to
be very sensitive in detecting residual cell-associated HIV RNA in PBMCs, and
demonstrated consistent correlations with host immune response parameters (e.g., T cell
activation and HIV-specific immunity) (32, 38). The output for the TMA assay is a signal/
cutoff (S/Co) ratio (range 0-30), with S/Co <1.0 considered HIV RNA “negative” and S/Co
>1.0 considered “positive.” All S/Co ratios were normalized to per million CD4+ T cells
(derived from the quantitation of human genomic DNA from a parallel real-time PCR
amplification targeting a highly conserved region of the DQ-alpha locus, multiplied by the
proportion of white blood cells that were CD4+ T cells at each time point).

Proviral DNA was measured using modifications of previously-described methods. HIV gag
DNA was amplified and detected using real-time PCR. This assay has an overall sensitivity
of 1 copy of HIV DNA/3 pug of input DNA, equivalent to approximately 1 HIV provirus per
450,000 PBMCs. All proviral DNA levels were normalized to per million CD4+ T cells, as
above.

Statistical Analysis

RESULTS

Predictors of HIV persistence (which included CD4+ T cell count and exposure to various
immunosuppressive drugs as time-dependent covariates) over the two-year period post-
transplant were examined using univariate and multivariate linear repeated measures
models. Subjects were censored at the time of any virologic failure or graft loss. All
variables with p < 0.1 from the univariate model were included in an initial multivariate
model. For normality of the response variable, logyq (for plasma HIVV RNA) and reciprocal
(for cell-associated RNA and proviral DNA) transformations were used. Statistical analyses
were performed with SAS software, version 9.2 (SAS Institute, Cary, NC, USA); p < 0.05
was considered statistically significant.

In the parent study, a total of 150 kidney recipients were enrolled and followed for a median
of 3.2 years (interquartile range [IQR] 2.5-4.5) post-transplant. From this group, we selected
91 kidney transplant recipients who did not interrupt antiretroviral therapy for more than 3
days in the post-transplant period, and who had stored plasma and PBMC samples available
for analysis. The median age at baseline was 45 years (IQR 40 to 50); 76% were men. The
median pre-transplant CD4+ T cell count was 510 cells/mm3 (IQR 376 to 664). At week 12
post-transplant, 48% of subjects were taking a non-nucleoside reverse transcriptase
inhibitor-based regimen (38% on efavirenz and 10% on nevirapine) and 50% were taking a
protease inhibitor-based regimen. Immunosuppressive drugs used at week 12 included
cyclosporine (21%), tacrolimus (74%), sirolimus (9%), mycophenolate mofetil (73%) and
prednisone (76%). Of note, tacrolimus was discontinued in 7 subjects due to toxicity, and ?
was replaced with sirolimus. Of 91 subjects, 25 (27%) had anti-thymocyte/lymphocyte
globulin (ATG/ALG) induction (all administrations were within 1 week post-transplant).
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Excluding any data after a graft loss or virologic failure, 45 subjects had samples available
for analysis at all 4 post-transplant time points; 20, 16 and 10 subjects had samples at 3, 2
and 1 time point(s), respectively. Median [IQR] plasma HIVV RNA level was 1.0 [0.1-6.3]
S/Co at baseline and 2.8 [0.2—7.4] copies S/Co at week 104 post-transplant. Baseline and
week 104 proviral DNA levels were 1.8 [1.5-2.9] and 1.8 [1.5-2.6] copies per million CD4+
T cells, respectively. For cell-associated RNA, median [IQR] was 3.2 [2.3-5.8] S/Co per
million CD4+ T cells at baseline and 4.4 [2.8-16.6] S/Co per million CD4+ T cells at week
104.

In univariate models, higher baseline plasma HIV RNA levels (per logig S/Co; p<0.0001),
white race (p=0.01), and HCV co-infection (p=0.02) and longer duration of follow-up (per
13 weeks; p=0.09) were associated with increased plasma HIV RNA levels post-transplant.
Compared to other drugs, exposure to tacrolimus was associated with decreased plasma HIV
RNA levels post-transplant (p=0.03). In the multivariate model, higher baseline plasma HIVV
RNA level (p<0.0001) and white race (p=0.01) remained significant, while a longer duration
of follow-up post-transplant (p=0.09) was marginally significant (Table 1). HCV co-
infection and tacrolimus exposure lost their significance in the multivariate model.

In univariate models, higher baseline HIV DNA levels (p<0.0001), lower post-transplant
CDA4+ T cell count (p=0.03), and cyclosporine use (p=0.09) were associated with increased
HIV DNA levels post-transplant, while sirolimus use (p=0.02) and longer duration of
follow-up (p=0.09) were associated with decreased levels. In the multivariate model, higher
baseline proviral HIV DNA (p0<0.0001) and lower CD4+ T cell count (p=0.001) were
associated with increased proviral HIV DNA levels post-transplant, while sirolimus use
(p=0.04) and longer duration of follow-up post-transplant (p=0.06) were associated with
decreased proviral DNA levels (Table 2).

No significant predictors of cell-associated RNA post-transplant were identified in the
multivariate model (data not shown).

DISCUSSION

Although ART reduces HIV replication and HIV-associated inflammation and reverses
HIV-associated immunodeficiency, these effects are often incomplete. T cell activation
decreases during ART but rarely returns to normal (39). Higher levels of T cell activation
(as defined by CD38 and HLA-DR) and dysfunction (as defined by PD-1 expression) have
been associated with higher levels of persistent cell-associated HIV DNA and/or RNA (but
not necessarily plasma HIV RNA) in long-term treated adults (40). Based in part on these
observations, we predicted that the use of immunosuppressive therapy might affect HIV
persistence in treated individuals. In order to justify future studies of potentially harmful
interventions, we explored the impact of solid-organ transplantation—where potent
immunomodulatory drugs are required—on HIV persistence in a large well-characterized
cohort. We found that in general, a longer duration of observation post-transplant was
associated with small increases in plasma HIV RNA and decreases in HIV DNA in PBMCs.
These data suggest that transplant procedure or (more likely) the immune-modifying drugs
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required to prevent transplant rejection might have altered T cell biology, leading to
activation of the latent reservoir and production of virus.

We were primarily interested in the relative effect of sirolimus (rapamycin) on reservoir size
as this drug inhibits T cell proliferation, reduces CCR5 expression and enhances antigen-
specific memory T cell formation. Although only a small proportion of the cohort was
exposed to this drug, we found that the use of sirolimus was independently associated with
lower HIV DNA levels. Theoretically, sirolimus may be reversing HIV latency (causing
HIV production and perhaps leading to a decline in HIV DNA), or may be having
potentially beneficial effects on CD8+ T cell function (as predicted by non-human primate
studies (16)) or reducing T cell homeostasis.

There is no standard method for quantifying the size of the reservoir during long-term
antiretroviral therapy. The virus outgrowth assay provides a quantitative assessment of the
frequency of cells containing replication-competent virus, but such assay are cumbersome,
require large amounts of blood, cannot be easily performed retrospectively, and only detect a
small and variable proportion of the total replication-competent virus population (41). Given
the lack of a gold-standard, we applied three approaches now being widely used in studies of
the reservoir: plasma HIV RNA, cell-associated HIV RNA, and cell-associated HIV DNA.
Our group has extensively validated the TMA approach for quantification of HIV RNA in
plasma and cells, although we recognized these assays are semi-quantitative, have limited
range and have not been widely used in the field. The largely negative results with our
RNA-based assays should be considered in the context of these limitations. Given our
interest in the impact of sirolimus on T cell proliferation and activation, quantitative
measures of cell-associated HIVV DNA might be considered optimal, at least for studies such
as the one we performed. These assays are sensitive, highly reproducible and provide an
overall assessment of the total body burden of infected cells. Immune-based therapeutics
that might affect cell proliferation and/or result in clearance of the infected cell population
would be expected to reduce the frequency of circulating cells which harbor HIV DNA, as
we observed in this exploratory study.

This study has several important limitations. The cohort was not designed to study the
impact of immune-based therapeutics on HIV persistence and hence, biologic specimens
were not optimally collected. Future controlled studies should look at other measures of the
reservoir, including levels of replication-competent HIV and rates of infection in resting
memory CD4+ T cells. In addition to the potent immunosuppressive therapies, all subjects
received a kidney transplant, which might have influenced outcomes. Finally, the use of the
immunosuppressive regimens was not controlled. There may be unmeasured confounding
issues that lead to preferential use of sirolimus—which was the focus of our analysis—
which contributed to the observed changes in reservoir size. Despite these limitations, we
believe our data, as well as recent clinical experience (25) support a controlled clinical trial
assessing the impact of sirolimus on immune function and HIV persistence during effective
antiretroviral therapy.

Am J Transplant. Author manuscript; available in PMC 2015 May 01.



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

1duosnuely Joyny vd-HIN

Stock et al.

Page 7

Acknowledgments

Th

is study was funded by the NIAID (Al052748 and Al087415); SGD was also supported by K24 A1069994 and

U19 Al096109). The clinical study was sponsored by the University of California, San Francisco.

Abbreviations

HIV human immunodeficiency virus
mTOR mammalian target of rapamycin
HCV hepatitis C
ART antiretroviral therapy
TMA Transcription Mediated Amplification
References
1. Deeks SG, Autran B, Berkhout B, Benkirane M, Cairns S, Chomont N, et al. Towards an HIV cure:

a global scientific strategy. Nat Rev Immunol. 2012

. Hutter G, Nowak D, Mossner M, Ganepola S, Mussig A, Allers K, et al. Long-term control of HIV

by CCR5 Delta32/Delta32 stem-cell transplantation. N Engl J Med. 2009; 360(7):692-698.
[PubMed: 19213682]

. Siliciano JD, Kajdas J, Finzi D, Quinn TC, Chadwick K, Margolick JB, et al. Long-term follow-up

studies confirm the stability of the latent reservoir for HIV-1 in resting CD4+ T cells. Nat Med.
2003; 9(6):727-728. [PubMed: 12754504]

. Richman DD, Margolis DM, Delaney M, Greene WC, Hazuda D, Pomerantz RJ. The challenge of

finding a cure for HIV infection. Science. 2009; 323(5919):1304-1307. [PubMed: 19265012]

. Trono D, Van Lint C, Rouzioux C, Verdin E, Barre-Sinoussi F, Chun TW, et al. HIV persistence

and the prospect of long-term drug-free remissions for HIV-infected individuals. Science. 2010;
329(5988):174-180. [PubMed: 20616270]

. Neuhaus J, Jacobs DR Jr, Baker JV, Calmy A, Duprez D, La Rosa A, et al. Markers of

inflammation, coagulation, and renal function are elevated in adults with HIV infection. J Infect
Dis. 2010; 201(12):1788-1795. [PubMed: 20446848]

. Hunt PW, Deeks SG, Rodriguez B, Valdez H, Shade SB, Abrams DI, et al. Continued CD4 cell

count increases in HIV-infected adults experiencing 4 years of viral suppression on antiretroviral
therapy. Aids. 2003; 17(13):1907-1915. [PubMed: 12960823]

. Chomont N, El-Far M, Ancuta P, Trautmann L, Procopio FA, Yassine-Diab B, et al. HIV reservoir

size and persistence are driven by T cell survival and homeostatic proliferation. Nat Med. 2009;
15(8):893-900. [PubMed: 19543283]

. Hatano H, Jain V, Hunt PW, Lee TH, Sinclair E, Do TD, et al. Cell-Based Measures of Viral

Persistence Are Associated With Immune Activation and Programmed Cell Death Protein 1 (PD-1)-
Expressing CD4+ T cells. J Infect Dis. 2012

10. Klatt NR, Chomont N, Douek DC, Deeks SG. Immune activation and HIV persistence:

implications for curative approaches to HIV infection. Immunol Rev. 2013; 254(1):326-342.
[PubMed: 23772629]

11. Isotani S, Hara K, Tokunaga C, Inoue H, Avruch J, Yonezawa K. Immunopurified mammalian

target of rapamycin phosphorylates and activates p70 S6 kinase alpha in vitro. J Biol Chem. 1999;
274(48):34493-34498. [PubMed: 10567431]

12. Gamper CJ, Powell JD. All PI3Kinase signaling is not mTOR: dissecting mTOR-dependent and

independent signaling pathways in T cells. Front Immunol. 2012; 3:312. [PubMed: 23087689]

13. Wiederrecht GJ, Sabers CJ, Brunn GJ, Martin MM, Dumont FJ, Abraham RT. Mechanism of

action of rapamycin: new insights into the regulation of G1-phase progression in eukaryotic cells.
Prog Cell Cycle Res. 1995; 1:53-71. [PubMed: 9552353]

Am J Transplant. Author manuscript; available in PMC 2015 May 01.



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

1duosnuely Joyny vd-HIN

Stock et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 8

Battaglia M, Stabilini A, Roncarolo MG. Rapamycin selectively expands CD4+CD25+FoxP3+
regulatory T cells. Blood. 2005; 105(12):4743-4748. [PubMed: 15746082]

Lee YR, Yang IH, Lee YH, Im SA, Song S, Li H, et al. Cyclosporin A and tacrolimus, but not
rapamycin, inhibit MHC-restricted antigen presentation pathways in dendritic cells. Blood. 2005;
105(10):3951-3955. [PubMed: 15657176]

Araki K, Turner AP, Shaffer VO, Gangappa S, Keller SA, Bachmann MF, et al. mTOR regulates
memory CD8 T-cell differentiation. Nature. 2009; 460(7251):108-112. [PubMed: 19543266]
Keating R, Hertz T, Wehenkel M, Harris TL, Edwards BA, McClaren JL, et al. The kinase mTOR
modulates the antibody response to provide cross-protective immunity to lethal infection with
influenza virus. Nat Immunol. 2013; 14(12):1266-1276. [PubMed: 24141387]

Baan CC, van der Mast BJ, Klepper M, Mol WM, Peeters AM, Korevaar SS, et al. Differential
effect of calcineurin inhibitors, anti-CD25 antibodies and rapamycin on the induction of FOXP3 in
human T cells. Transplantation. 2005; 80(1):110-117. [PubMed: 16003241]

Coenen JJ, Koenen HJ, Rijssen EV, Hilbrands LB, Joosten I. Rapamycin, and not Cyclosporin A,
preserves the highly suppressive CD27+ subset of human CD4+CD25+ regulatory T cells. Blood.
2005

Donia M, McCubrey JA, Bendtzen K, Nicoletti F. Potential use of rapamycin in HIV infection. Br
J Clin Pharmacol. 2010; 70(6):784-793. [PubMed: 21175433]

Heredia A, Amoroso A, Davis C, Le N, Reardon E, Dominique JK, et al. Rapamycin causes down-
regulation of CCR5 and accumulation of anti-HIV beta-chemokines: an approach to suppress R5
strains of HIV-1. Proc Natl Acad Sci U S A. 2003; 100(18):10411-10416. [PubMed: 12915736]
Mulampaka SN, Dixit NM. Estimating the threshold surface density of Gp120-CCR5 complexes
necessary for HIV-1 envelope-mediated cell-cell fusion. PLoS One. 2011; 6(5):e19941. [PubMed:
21647388]

Gilliam BL, Heredia A, Devico A, Le N, Bamba D, Bryant JL, et al. Rapamycin reduces CCR5
mRNA levels in macaques: potential applications in HIV-1 prevention and treatment. Aids. 2007;
21(15):2108-2110. [PubMed: 17885304]

Zhou D, Kang KH, Spector SA. Production of interferon alpha by human immunodeficiency virus
type 1 in human plasmacytoid dendritic cells is dependent on induction of autophagy. J Infect Dis.
2012; 205(8):1258-1267. [PubMed: 22396599]

Krown SE, Roy D, Lee JY, Dezube BJ, Reid EG, Venkataramanan R, et al. Rapamycin with
antiretroviral therapy in AlDS-associated Kaposi sarcoma: an AIDS Malignancy Consortium
study. J Acquir Immune Defic Syndr. 2012; 59(5):447-454. [PubMed: 22067664]

Zhou D, Spector SA. Human immunodeficiency virus type-1 infection inhibits autophagy. Aids.
2008; 22(6):695-699. [PubMed: 18356598]

Stock PG, Barin B, Murphy B, Hanto D, Diego JM, Light J, et al. Outcomes of kidney
transplantation in HIV-infected recipients. N Engl J Med. 2010; 363(21):2004-2014. [PubMed:
21083386]

Hunt PW, Hatano H, Sinclair E, Lee TH, Busch MP, Martin JN, et al. HI\VV-specific CD4+ T cells
may contribute to viral persistence in HIV controllers. Clin Infect Dis. 2011; 52(5):681-687.
[PubMed: 21245154]

Hatano H, Hayes TL, Dahl V, Sinclair E, Lee TH, Hoh R, et al. A randomized, controlled trial of
raltegravir intensification in antiretroviral-treated, HIV-infected patients with a suboptimal CD4+
T cell response. J Infect Dis. 2011; 203(7):960-968. [PubMed: 21402547]

Hunt PW, Landay AL, Sinclair E, Martinson JA, Hatano H, Emu B, et al. A low T regulatory cell
response may contribute to both viral control and generalized immune activation in HIV
controllers. PLoS One. 2011; 6(1):e15924. [PubMed: 21305005]

Hatano H, Delwart EL, Norris PJ, Lee TH, Neilands TB, Kelley CF, et al. Evidence of persistent
low-level viremia in long-term HAART-suppressed, HIV-infected individuals. AIDS. 2010;
24(16):2535-2539. [PubMed: 20651585]

Hatano H, Delwart EL, Norris PJ, Lee TH, Dunn-Williams J, Hunt PW, et al. Evidence for
persistent low-level viremia in individuals who control human immunodeficiency virus in the
absence of antiretroviral therapy. J Virol. 2009; 83(1):329-335. [PubMed: 18945778]

Am J Transplant. Author manuscript; available in PMC 2015 May 01.



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

1duosnuely Joyny vd-HIN

Stock et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 9

Stramer SL, Glynn SA, Kleinman SH, Strong DM, Caglioti S, Wright DJ, et al. Detection of
HIV-1 and HCV infections among antibody-negative blood donors by nucleic acid-amplification
testing. N Engl J Med. 2004; 351(8):760-768. [PubMed: 15317889]

Stekler J, Swenson PD, Wood RW, Handsfield HH, Golden MR. Targeted screening for primary
HIV infection through pooled HIV-RNA testing in men who have sex with men. AIDS. 2005;
19(12):1323-1325. [PubMed: 16052089]

Lelie PN, van Drimmelen HA, Cuypers HT, Best SJ, Stramer SL, Hyland C, et al. Sensitivity of
HCV RNA and HIV RNA blood screening assays. Transfusion. 2002; 42(5):527-536. [PubMed:
12084160]

Busch MP, Glynn SA, Wright DJ, Hirschkorn D, Laycock ME, McAuley J, et al. Relative
sensitivities of licensed nucleic acid amplification tests for detection of viremia in early human
immunodeficiency virus and hepatitis C virus infection. Transfusion. 2005; 45(12):1853-1863.
[PubMed: 16371038]

Bernardin F, Tobler L, Walsh I, Williams JD, Busch M, Delwart E. Clearance of hepatitis C virus
RNA from the peripheral blood mononuclear cells of blood donors who spontaneously or
therapeutically control their plasma viremia. Hepatology. 2008; 47(5):1446-1452. [PubMed:
18220272]

Hatano, H.; Jain, V.; Hunt, PW.; Martin, JN.; Lee, TH.; Sinclair, E., et al. Cell-based Measures of
Viral Persistence Are Associated with Immune Activation and PD-1+-expressing CD4+ T cells. In
the Program and Abstracts of the 6th IAS Conference on HIV Pathogenesis, Treatment and
Prevention; July 17-20, July 2011; p. Abstract WELBO1

Hunt PW, Martin JN, Sinclair E, Bredt B, Hagos E, Lampiris H, et al. T Cell Activation Is
Associated with Lower CD4+ T Cell Gains in Human Immunodeficiency Virus-Infected Patients
with Sustained Viral Suppression during Antiretroviral Therapy. J Infect Dis. 2003; 187(10):1534—
1543. [PubMed: 12721933]

Hatano H, Jain V, Hunt PW, Lee TH, Sinclair E, Do TD, et al. Cell-based measures of viral
persistence are associated with immune activation and PD-1+-expressing CD4+ T cells. J Infect
Dis. 2012 in press.

Ho YC, Shan L, Hosmane NN, Wang J, Laskey SB, Rosenbloom DI, et al. Replication-Competent
Noninduced Proviruses in the Latent Reservoir Increase Barrier to HIVV-1 Cure. Cell. 2013;
155(3):540-551. [PubMed: 24243014]

Am J Transplant. Author manuscript; available in PMC 2015 May 01.



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

1duosnuely Joyny vd-HIN

Stock et al.

Page 10

Sirolimus (N=7,9, 9, 5) Mo Sirolimus (M= 69, 61, 58, 41)
o
o
2.0
=]
o 8 L
15+ g ° &
=
=)
= o o
T ]
T 104 0 2 °
3
o
L=
o
—
<o
05
<
004 T
o
T T T T T T T T
12 26 52 104 12 26 52 104
Week

Figure 1. Proviral HIV DNA Levelsover Timeby Sirolimus Exposure
The level of HIV DNA in PBMCs was measured. The frequency of infection was normalized to the predicted frequency of

CD4+ T cells within the PBMCs. Exposure to sirolimus was associated with lower cell-associated HIV DNA levels post-
transplant compared to other immunosuppressive drugs after adjustment for baseline HIV DNA level, time post-transplant and
CDA4+ T cell count. Note that 15 subjects with sirolimus use at 30 time points are reflected in this figure: 7 subjects contributed a
single time point, 3 subjects contributed 2 time points, 3 subjects contributed 3 time points and 2 subjects contributed 4 time

points.
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Figure 2. Differential impact of immunosuppressive therapy on Proviral HIV DNA levels post-transplant
Log Proviral HIV DNA Levelsby Sirolimus Use Post-Transplant. The level of cell-associated DNA at any time point post-

transplant was lower in patients on sirolimus than in those receiving cyclosporine or tacrolimus.
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Table 1

Linear Repeated Measures Models for Logyg Plasma HIV RNA Levels

Univariate Predictor Estimate P Value
Age (per year) 0.0021 0.73
Gender (Male) 0.0974 0.52
Race (White) 0.3645 0.01
Nadir CD4+ T cell Count (per 50 cells/uL) -0.0178 0.36
Baseline CD4+ T cell Count (per 50 cells/uL)  -0.0053 0.68
HCV Infection Status (Antibody Positive) -0.3336  0.02
Baseline Plasma HIV RNA (log;o S/Co) 0.4277 <.0001
ATG/ALG Induction 0.04710 0.74
CD4+ T cell Count (per 50 cells/uL)" 0.0030 0.76
Tacrolimus” -0.2833  0.03
Cyclosporine” 02146 024
Mycophenoalate use” —0.0993 043
Sirolimus use” 00830 064
Prednisone use” -0.0568  0.70
Time (per 13 weeks)" 0.0367 0.09
Multivariate Predictors Estimate P Value
Baseline Plasma HIV RNA (log;o S/Co) 0.4024 <.0001
Race (White) 0.3079 0.01
0.0324 0.09

Time (per 13 weeks)*

*
Time-varying covariate
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Table 2

Page 13

Linear Repeated Measures Models for Reciprocal Proviral HIV DNA Levels

Univariate Predictor Estimate P Value
Age (per year) -0.0027 023
Gender (Male) -0.0228 0.67
Race (White) -0.0662  0.17
Nadir CD4+ T cell Count (per 50 cells/uL) 0.0014 0.81
Baseline CD4+ T cell Count (per 50 cells/uL) 0.0024 0.59
HCV Infection Status (Antibody Positive) -0.0251  0.63
Baseline Proviral HIV DNA (reciprocal, copies per million CD4+ T cells)  0.5044 <.0001
ATG/ALG Induction -0.0156 0.76
CD4+ T cell Count (per 50 cells/uL)” 0.0058 0.3
Tacrolimus” -0.0214 053
Cyclosporine” -0.1182 0.9
Mycophenoalate use” 0.0569 0.12
Sirolimus use” 0.1222 0.02
Prednisone use” 0.0290 0.50
Time (per 13 Weeks)* 0.0099 0.09
Multivariate Predictors Estimate P Value
Baseline Proviral HIV DNA (reciprocal, copies per million CD4+ T cells)  0.4974 <.0001
CD4+ T cell Count (per 50 ceIIs/uL)* 0.0077 0.001
Sirolimus use” 0.0869 0.04
0.0093 0.06

Time (per 13 weeks)*

*
Time-varying covariate
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