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Abstract

We evaluated immunologic predictors of response to HBV vaccine administered in the presence or
absence of GM-CSF in HIV infected individuals. We measured peripheral blood hematopoietic
progenitor, monocyte and myeloid-derived suppressor cell (MDSC) frequencies, and expression of
GMCSF receptor on monocytes and MDSCs, at baseline and 4 weeks after immunization in
relation to antibody response. We observed higher baseline progenitor and lower monocyte
frequencies among week 16 antibody responders. Week 4 decline in MDSC frequency was
associated with week 16 antibody response, while administration of GM-CSF was associated with
preservation of these cells. No significant differences in GM-CSF receptor expression were
observed in the presence vs. absence of GM-CSF. These findings are consistent with a positive
role of progenitor cells and a potential negative role of monocytes in vaccine response.
Additionally, GM-CSF augmented the preservation of peripheral blood MDSC, which may
contribute to the lack of improved vaccine responses.
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Introduction

Numerous factors are involved in a successful vaccine response to induce long lasting
immune memory[1]. The adaptive arm of the immune system requires adequate antigen
uptake and presentation by antigen presenting cells (APC) and adequately responsive T and
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B lymphocytes capable of forming an effective memory response [2, 3]. Among HIV-
infected individuals, vaccine responses, including to hepatitis B (HBV) vaccine, are
inadequate [4-8]. Given the increasing incidence of mortality due to hepatic disease among
HIV-infected persons, improved HBV vaccine approaches, including alternative adjuvants,
are needed to reduce the burden of co-infection among this at risk population[9]. However,
the complex milieu of immune defects associated with HIV infection create unique
challenges in formulating appropriate vaccine enhancing adjuvants. GM-CSF, when
administered as a vaccine adjuvant, has been observed to improve HBV vaccine efficacy in
the setting of renal failure [10, 11] and in the setting of HIV infection[12]. In AIDS Clinical
Trials Group (ACTG) study A5220, GM-CSF administration was not found to improve
HBV vaccine responses[13]. We hypothesized that impairment in antigen presenting cell
expansion, differentiation, recruitment, or expansion of a cell population that blocks immune
responses in HIV infection underlies the failure of GM-CSF to enhance antibody responses
to HBV vaccine.

CD34+ hematopoietic progenitor cells can rapidly differentiate into many cell types,
including monocytes and the highly potent APC, dendritic cells [14-16]. Additionally,
CD34+ progenitor cells have been described to have T cell suppressive activity that is
influenced by a number of factors, including the presence of GMCSF [17]. These myeloid-
derived suppressor cells (MDSCs) have been described to a greater degree in the oncology
literature [18] as being a heterogeneous population identified as CD34+, CD33+/lineage
marker (including CD14-HLADR-) and CD11b+CD14-CD33+[18]. Additionally, another
sub-population of MDSCs has been described as CD14+HLADR- [19]. These cells have
been regularly identified in cancer patients, have been reported as more prevalent in cancer
patient vaccine nonresponders compared to responders, and their numbers are increased
after administration of GM-CSF. The CD14 marker is commonly used for identification of
monocytes. Monocytes can present antigen themselves and differentiate into dendritic cells
in the presence of GM-CSF, but are also capable of contributing to an immune suppressive
milieu [20, 21]. Based on these previous findings, we asked if the failure of GM-CSF to
augment vaccine responses in A5220 might be related to expansion or induction of
suppressive cell populations.

In this exploratory analysis from A5220, we measured the frequency of hematopoietic
progenitor cells (CD34+), monocytes (CD14+), and MDSCs (CD14+HLADR-CD11b+,
CD34+CD14-HLADR-CD11b+, CD34+CD14-HLADR-), as well as the expression of the
GM-CSF receptor (CD116) on monocytes and MDSCs at baseline and week 4 of HBV
vaccine protocol. We hypothesized that vaccine response was associated with the baseline
prevalence or GM-CSF induced change in frequency of these cells.

A5220 study and samples for flow cytometric analysis

ACTG trial A5220 was a randomized open-label pilot study to evaluate the effectiveness
and safety of GM-CSF adjuvant combined with HBV vaccine. Forty-eight HIV-infected
subjects, naive to HBV vaccine, with CD4 T cell counts >200/mm3, and seronegative for
HBYV and HCV were randomized to administration of 40mcg HBV vaccine at weeks 0, 4
and 12, with or without 250mcg GM-CSF as adjuvant, 24 in each study arm. HBV specific
antibody titers (HBsAb) were measured using Vitros Immunodiagnostics Products Anti-HBs
Quantitative Assay (Ortho-Clinical Diagnostics, Amersham, Bucks, UK) at weeks 0, 4, 8,
16, 36, and 60 as part of A5220. HBV vaccine response was defined as HBsAb=10mIU/mL.

PBMC were prepared at each clinical site by standardized ACTG protocol, cryopreserved,
then sent to a central storage facility. Samples were prepared at baseline and week 4. Forty
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seven of the 48 study subjects enrolled to A5220 had samples available for the present
analysis which was performed at a single ACTG immunology laboratory.

Flow cytometric analysis of myeloid cell subset peripheral blood frequencies

Cryopreserved PBMC samples were stained with viability stain in pacific blue, anti-CD34
FITC, CD11b PE-Cy5, anti-CD14 PerCP, anti-CD116 PE, and anti-HLA DR-APC or
isotype control (BD Biosciences, San Jose, CA) for 10 minutes at room temperature, then
washed with 2mL of PBS with 0.01% BSA, then resuspended in 200uL of 1.0%
paraformaldehyde solution (Electron Microscopy Science, Hatfield, PA) and 200uL of PBS
with 0.01% BSA. Flow cytometric analysis was performed on a LSRII flow cytometer (BD
Biosciences, San Jose, CA) with FACS Diva Software (BD Biosciences, San Jose, CA).

Live cells were identified by viability stain and forward and side scatter. Gating was based
upon isotype controls. Hematopoietic progenitor cells were identified as CD34+. Monocytes
were identified as CD14+. MDSCs were identified as CD14+HLADR-CD11b+,
CD34+CD14-HLADR-CD11b+, and CD34+CD14-HLADR-. GM-CSF receptor (CD116)
was measured on CD14+ and CD14+HLADR-CD11b+ cells (Figure 1)

Statistical methods

Results

Medians (50% quantile) with Q1 (25% quantile) and Q3 (75% quantile) are provided to
summarize immune parameters. Wilcoxon rank-sum tests were conducted to compare
immune parameters between two groups (e.g. study arm with vs. without GM-CSF,
nonresponders vs. responders). Van Elteren's tests were used for comparisons of vaccine
nonresponders and responders stratified by study arm. Changes in immune parameters from
baseline at week 4 within a group were assessed using Wilcoxon signed rank tests.
Spearman correlation coefficients and tests were used to assess associations between
baseline immune parameters and quantitative HBSAD titers at week 16. Two-sided p-values
from Fisher's exact tests are reported here as exploratory analyses. P-values <0.05 (two-
sided) were considered statistically significant, and no adjustments were made for multiple
testing.

Among the 47 subjects with available samples for analysis here, the study subject median

age was 47 years; 79% were male; 53% white, 32% black and 15% Hispanic. The median

CD4 cell count at entry was 444 cells/mm3, 77% were on antiretroviral treatment and 53%
had undetectable HIV-1 RNA (<50 copies/mL).

As recently described [13], there was a modest trend towards a higher proportion of vaccine
responders (HBsAb=10 mIU/mL) in the GM-CSF arm at week 4 (26% vs. 9%, p=0.24), but
by week 8 this trend was lost (week 8: 26% vs. 35%, p=0.75; week 16: 52% vs. 65%,
p=0.54; week 36: 55% vs. 64%, p=0.76; week 60: 35% vs. 45%, p=0.54).

To identify whether GM-CSF receptor expressing myeloid populations could account for
variability in vaccine response we measured peripheral blood hematopoietic progenitor cell
(CD34+), monocyte (CD14+), and MDSC. MDSCs are a heterogeneously defined
population of cells that have been described as CD34+, CD33+/lineage marker (including
CD14-HLADR-) and CD11b+CD14-CD33+[18]. Additionally, another sub-population of
MDSCs has been described as CD14+HLADR- [18] [19]. We focused here on
CD14+HLADR-CD11b+, CD34+CD14-HLADR-CD11b+, and CD34+CD14-HLADR- cell
frequencies at baseline (Figure 2). Comparing week 16 vaccine responders to
nonresponders, irrespective of study arm, baseline CD34+ progenitor frequency was higher
in subjects with a week 16 antibody response (n=26; median [Q1, Q3]: 0.94% [0.62%,
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1.28%]) than those without (n=18; 0.57% [0.47%, 0.68%]; p=0.005) (Figure 2A). When
stratified by study arm, this remained statistically significant (p=0.01). Additionally, this
relationship held as a positive correlation between CD34+ progenitor cell frequency and
week 16 antibody titer (r=0.34, p=0.03, Figure 2B). A subset of CD34+ progenitors with
phenotypic markers of MDSCs (CD34+CD14-HLADR-) were also higher in frequency at
baseline in week 16 vaccine responders than in nonresponders (0.14% [0.08%, 0.42%] vs.
0.08% [0.03%, 0.19%], p=0.02; p=0.04 when stratified by study arm). In contrast, baseline
CD14+ monocyte frequency was lower in week 16 antibody responders than in
nonresponders (6.87% [4.15%, 8.29%] vs. 10.17% [7.97%, 12.48%], p=0.02; p=0.06 when
stratified by study arm, Figure 2C). This was consistent with an observed negative
correlation between baseline CD14+ cell frequency and week 16 antibody titer (r=-0.38,
p=0.01, Figure 2D).

We next asked if administration of GM-CSF affected the frequencies of these cell
populations. At week 4 we observed a decline in CD34+CD14-HLADR- and CD34+CD14-
HLADR-CD11b+ cell frequencies in the vaccine arm that did not receive GMCSF (-0.01%
[-0.02%, 0%], p=0.02; and 0% [-0.02%, 0%], p=0.01 respectively, Figure 3A and 3B) while
there were no such changes observed in the GMCSF arm (p=0.007 and p=0.03 for the
comparison of study arms). Notably, 2 subjects in the arm that did not receive GM-CSF had
greater frequencies of these cells at baseline (potentially driving this difference). Also, there
were more subjects without such measurable cells at baseline in the GM-CSF arm (5 in the
GM-CSF arm vs. 4 in the Vaccine only arm and 12 vs. 9 for CD34+CD14-HLADR- and
CD34+CD14-HLADR-CD11b+, respectively) who could have only had increased frequency
subsequently. However, though overall there were no statistically significant differences in
these cell frequencies at baseline. When we evaluated change in cell frequency in relation to
week 16 antibody response, vaccine responders had a minimal week 4 decline in
CD34+CD14-HLADR- cell frequency (0% [-0.02%, 0%], p=0.02) while non-responders
showed no decline (0.01% [-0.01%, 0.01%], p=0.03 for the comparison of responders and
nonresponders; p=0.08 when stratified by study arm). In other words, GM-CSF
administration may have preserved CD34+CD14-HLADR-(CD11b+/-) cells to a modest
extent, and preservation of these cells in circulation was associated with a failure to respond
to the vaccine.

On the other hand, a decline in the frequency of MDSCs with the CD34+CD14-HLADR-
CD11b+ phenotype at week 4 was associated with a week 4 nonresponse to vaccine
(p=0.03; p=0.16 when stratified by study arm). While there were few week 4 vaccine
responders (8 responders total [13]), it appears that the relation between flux in cell subset
frequency and vaccine response is complex and differs depending on time point of response
analysis, with a potential delay in effect. Nonetheless, it appears that GM-CSF
administration selectively alters peripheral myeloid subset frequencies.

Evaluating frequencies of a different phenotype of MDSCs, CD14+HLADR-CD11b+, we
found no statistically significant difference between the study arms, nor between vaccine
responders and nonresponders. We also measured GM-CSF receptor (CD116) expression on
monocytes and myeloid suppressor cells at baseline and week 4 of the HBV vaccine
protocol. Similarly, there was no change in GM-CSF receptor expression from baseline to
week 4 in either study arm (Figure 3C for Monocytes: p=0.9 in the Vaccine only arm, p=0.8
in the GM-CSF arm; p=0.9 for the comparison between the study arms), or between week 4
vaccine responders and nonresponders (p=0.9 in both responders and nonresponders; p=0.7
for the comparison between responders and nonresponders, p=0.6 when stratified by study
arm; and p>0.1 for all CD14+HLADR-CD11b+ comparisons, not shown).
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Discussion

In the setting of HIV infection, vaccination-induced response to neoantigen has been best
predicted by baseline naive CD4+ cell number, decrease in HIV level after initiation of HIV
therapy, nadir CD4+ cell numbers, and increased proportions of CD4+ cells expressing
CD28[6, 8]. Similarly, in uninfected individuals, younger age and greater frequency of naive
CDA4+ cell number are associated with better responses to HBV immunization[22]. The
numbers and function of antigen presenting cells and B cells also might predictably
determine vaccine responses in HIV infection. Since antigen presenting cells and their
precursors are responsive to GM-CSF, we focused on these cells in the present study. We
observed week 16 antibody response associations with greater baseline frequencies of
peripheral blood CD34+ progenitor cells and lower frequencies of CD14+ monocytes. A
decline in the frequency of circulating CD34+CD14-HLADR- MDSCs was also associated
with week 16 antibody response, though this relationship was complex and was not
supported by the actual numbers of these cells at any time point measured. The latter
observation may be due to spurious higher values of such cells at baseline in the vaccine
responder group with regression to mean effect, or due to a delayed effect of flux in
frequencies of these cells on vaccine response. Analysis of these cells at a later time point
such as week 16 may have helped clarify this issue. Finally, we observed no effect on the
expression of GM-CSF receptor (CD116) on these cell populations.

While GM-CSF is known to be secreted by activated T and B cells and can mature antigen
presenting cells to better drive T cell responses to T cell receptor stimulation, the specific
mechanism whereby GM-CSF enhanced responses to HBV immunization in prior studies is
not clear. One study that evaluated antigen presenting cell numbers and function in the
setting of GM-CSF co-administered with HBV vaccine found decreased circulating
dendritic cell numbers to be associated with vaccine response [23]. This finding was
postulated to reflect dendritic cell re-distribution and participation in the immune response
to vaccine at the site of inflamed tissue.

In the setting of HIV infection, one study with HBV vaccine utilized lower dose GMCSF
(20mcg) [12] than that administered in the present A5220 study (250mcg), and GMCSF was
observed to enhance vaccine response. In that same study, GMCSF was dosed only once
during the HBV vaccine course as compared to with each vaccine dose administered in
A5220. Whether the dose of GM-CSF and/or frequency of dosing may account for mixed
effectiveness in different clinical trials and a failure to induce the desired effect in A5220 is
unclear. In this regard, higher dose GM-CSF may have paradoxical or mixed effects as
compared to lower dose GM-CSF[24]. It has been proposed that lower dose and infrequent
dosing of GM-CSF results in enhanced DC numbers and function, while higher doses induce
MDSCs [24]. It is therefore possible that higher and more frequent GM-CSF dosing in
A5220, as compared to the previous study of GMCSF and HBV vaccine in HIV infected
individuals, contributed to preservation of a suppressor cell population that inhibited vaccine
response. The observation of GM-CSF arm preservation of peripheral CD34+CD14-
HLADR- cell frequency could be consistent with such a notion. Alternatively, an induced T
cell suppressive phenotype could also be consistent.

While this is an exploratory analysis based on small number of subjects and the results
should be interpreted with caution, the findings are consistent with progenitor cells playing a
positive role in vaccine response, while monocytes may contribute to a suppressive milieu.
The conclusions were consistent using achievement of vaccine response defined as
HBsAb>10mIU/mL and also as quantitative HBsAD titers. Additionally, in the setting of
GM-CSF, preservation of myeloid cells with a T cell suppressive phenotype may contribute
to blockade of a successful immune response to vaccine. Notably, here we have only studied
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a select few defined MDSC phenotypes, and have not evaluated myeloid suppressor
function. Furthermore, suppressor T cell function has also been implicated in HBV vaccine
response failure[25], and we have not evaluated T cell function in the present study.
Certainly, frequencies of other phenotypically defined myeloid suppressor cells in
conjunction with analysis of CD34+progenitor cells, monocytes, T cells, and cytokines that
modulate the function of these cells in relation to vaccine response in the presence and
absence of HIV infection is further warranted.
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Figure 1. Flow Cytometry gating scheme

Live cells were identified by viability stain and forward and side scatter. Hematopoietic
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progenitor cells were identified as CD34+. Monocytes were identified as CD14+. Myeloid
lineage suppressor cells were identified as CD14+HLADR-CD11b+, CD34+CD14-
HLADR-CD11b+, and CD34+CD14-HLADR-. GMCSF receptor (CD116) was measured

on CD14+ and CD14+HLA DR-CD11b+ cells.
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Figure 2. Baseline CD34+ progenitor and monocyte frequencies are associated with week 16

vaccine response

Baseline peripheral blood CD34+ progenitor (Panel A) and CD14+ monocyte (Panel C)
frequency were measured by flow cytometric analysis. Correlation between CD34+
progenitor (Panel B) and monocyte (Panel D) frequency and week 16 hepatitis B surface
antibody titer are shown. The horizontal lines on Panels A and C represent medians, and p-
values are for the comparisons of responders and non-responders, regardless of study arm.
P-values on Panels B and D are for the Spearman correlation coefficients.
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Figure 3. GMCSF administration is associated with preservation of CD34+ CD14-HLADR-and

CD34+ CD14-HLADR- CD11b+ cells

Baseline and week 4 peripheral blood frequencies of CD34+ CD14-HLADR- (panel A) and
CD34+ CD14-HLADR- CD11b+ (panel B) cells are shown. GM-CSF receptor (CD116)
expression as represented by mean fluorescent intensity (MFI) on monocytes comparing
baseline and week 4 for each vaccine arm (panel C). P-values shown are for the change
between baseline and week 4 within vaccine only arm. The size of the dot and the thickness
of the lines are proportional to the number of subjects.
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