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Abstract

Hemophilia patients infected with human immunodeficiency virus (HIV) 30 years ago show increased propor-
tions of activated CD8 "DR* blood lymphocytes. We hypothesized that this might indicate a cellular immune re-
sponse directed against HIV and might be the reason for long-term clinical stability of these patients. CD8™"
peripheral blood lymphocytes (PBL) reactive with six HIV and two cytomegalovirus (CMV) pentamers were de-
termined in heparinized whole blood. Additional lymphocyte subsets as well as plasma cytokines and HIV-1 load
were studied. Long-term HIV-infected hemophilia patients with (1=15) or without (17=33) currently detectable
HIV-1 load in the plasma showed higher proportions of CD8" lymphocytes reactive with HIV (p<0.001) and
CMYV pentamers (p=0.010) than healthy individuals. The cellular anti-HIV response tended to be stronger and
more polyclonal in patients during periods of viral replication than in patients with retroviral quiescence
(p=0.077). Anti-HIV CD8" lymphocyte responses were strongest in patients with high counts of activated CD8*
PR+ T (r=0.353; p=0.014) and low CD19" B lymphocyte counts (r=—0.472; p=0.001). Patients with or without
HIV-1 viral load showed normal Thl and Th2 plasma cytokine levels and high plasma interleukin-6 (versus
healthy controls, p=0.001) and tumor necrosis factor-a (p=0.020). Hemophilia patients who have been living
with HIV for more than 30 years showed a polyclonal CD8" T-cell response against HIV and CMV. This cellular
antiviral immune response was strongest during periods of HIV-1 replication and remained detectable during
periods of HIV-1 quiescence. We hypothesize that the consistent cellular anti-HIV-1 response in combination
with highly active antiretroviral therapy ensures stability and survival of these chronically HIV-1-infected hemo-
philia patients.

Key words: CMV; HIV-specific CD8" T lymphocytes in blood; long-term HIV-infected hemophilia patients;
stable disease

Introduction cyte dysfunctions associated with surface gp120-complement

complexes, increased soluble Fas plasma levels, and apoptotic

T THE END OF THE 1970s and early 1980s, about half of all

German hemophilia patients were infected with human
immunodeficiency virus (HIV) through contaminated clotting
factor preparations originating from the United States. Since
1983 we have been investigating the immune system of patients
treated at the Heidelberg Hemophilia Center."™ During 30
years of follow-up, we observed that patients developed auto-
antibodies against CD4 " T lymphocytes, alloantibodies against
HLA, autoantibodies against IgG and Fab, CD4 helper cell de-
fects, cytokine abnormalities, macrophage and CD4* lympho-

and nonapoptotic CD4™ T-cell depletion; during highly active
antiretroviral therapy (HAART), they had decreasing sCD30
plasma levels and increasing dendritic cells (DC) and regula-
tory T-cell (Treg) blood levels.'"™* Interestingly, long-term
HIV* hemophilia patients and HIV™ hemophilia patients
showed four and two times as many activated CD3"CD8™"
DR* T lymphocytes in the blood, respectively, compared
with healthy controls tested in parallel.* In a recently published
manuscrip’c,4 we speculated that HIV™ hemophilia patients
might have an increased cytotoxic T-cell response because

]Departrnent of Transplantation Immunology, Institute of Immunology, University of Heidelberg, Heidelberg, Germany.

?Hemophilia Center, Kurpfalz Hospital, Heidelberg, Germany.

ABBREVIATIONS: CMV, cytomegalovirus; DC, dendritic cells; EBV, Epstein-Barr virus; FITC, fluorescein isothiocyanate; HAART, highly
active antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IFN, interferon; IL, interleukin; PBL, peripheral
blood lymphocytes; PBS, phosphate-buffered saline; TGF, transforming growth factor; TNF, tumor necrosis factor; Treg, regulatory T cell.
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they were stimulated by clotting factor preparations, inacti-
vated virus particles contaminating the clotting factor prepa-
rations, and chronic virus infections acquired in the era before
virus inactivation of clotting factor preparations was practica-
ble. In HIV* hemophilia patients we found that interleukin
(IL)-12" DCs were strongly associated with high CD3*CD8™"
PR+ blood lymphocyte counts, whereas HIV ™ hemophilia pa-
tients showed only a weak association of IL-12* DCs with
CD3"CD8*DR™" peripheral blood lymphocytes (PBLs). The
CD3*CD8*DR™ response was strongly related with HIV-1
viral load, and we speculated that this might represent a
broad polyclonal cellular immune response, including an
antiretroviral response that might contribute to the good clin-
ical outcome of these patients.*

To substantiate our hypothesis, we used six HIV-specific
and two cytomegalovirus (CMV)-specific pentamers in the
present study to analyze the frequency of HIV- and CMV-
specific CD8™" T lymphocytes in the blood of HIV-infected he-
mophilia patients infected more than 30 years ago.

Methods
HIV* hemophilia patients and healthy controls

We studied 48 HIV " hemophilia patients during the years
2010-2012. In parallel, lymphocyte subsets were studied in
102 healthy controls and plasma cytokines in 39 healthy indi-
viduals, immune complex-loaded CD4 " lymphocytes in 19,
and CD8* lymphocytes reactive with HIV- and CMV-specific
pentamers in 25. Patient mean age was 46+8 years (+SD;
range 29-70 years), that of healthy controls 40+13 years
(range 21-65 years). The patients were all men infected with
HIV at the end of the 1970s and in the early 1980s through
virus-contaminated clotting factor products and are part of
an ongoing long-term study. All patients received antiretrovi-
ral treatment consisting of combinations of antiretroviral
drugs. At the time of the investigation, 15 HIV" patients
had a retroviral load below the detection limit of the test
(<10 HIV-1 RNA copies/mL), and 33 patients had a retroviral
load of 19-300,000 HIV-1 RNA copies/mL. All patients gave
informed consent for the tests performed within this study.
The study was approved by the local ethical committee and
conducted in adherence to the Declaration of Helsinki.

HLA typing

HLA determinants of patients were typed using a low res-
olution serological standard methods. 14 (29%) patients pos-
sessed HLA-A1, 22 (46%) A2, 17 (35%) A3, 9 (19%) All, 3
(6%) A23, 7 (15%) A24, 3 (6%) A25, 4 (8%) A26, 1 (2%) A28,
4 (8%) A29, 1 (2%) A31, 2 (4%) A32, 2 (4%) A33, 2 (4%)
A69, 11 (23%) B7, 10 (21%) B8, 5 (10%) B13, 1 (2%) B14, 4
(8%) B18, 4 (8%) B27, 12 (25%) B35, 1 (2%) B37, 2 (4%) B38,
2 (4%) B39, 1 (2%) B41, 9 (19%) B44, 1 (2%) B49, 2 (4%) B50,
5 (10%) B51, 3 (6%) B52, 1 (2%) B55, 2 (4%) B57, 1 (2%) B5S,
4 (8%) B60, 1 (2%) B61, 5 (10%) B62, and 2 (4%) B65.

Pentamers

Determination of pentamer-specific CD8* blood lympho-
cytes was performed according to the instructions of the man-
ufacturer. We wused the following pentamers: A*02:01
SLYNTVATL (epitope origin HIV-1 gag p17 76-84), A*02:01
ILKEPVHGV (HIV-1 RT 476-484), A*03:01 QVPLRPMTYK
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(HIV-1 nef 73-82), B*07:02 IPRRIRQGL (HIV-1 env gp120
848-856), B*08:01 FLKEKGGL (HIV-1 nef 90-97), B*27:05
KRWIILGLNK (HIV-1 gag p24 265-274) for detection of
HIV-specific cellular responses and A*0201 NLVPMVATV
(HCMV pp65 495-504) and A*24:02 VYALPLKML (HCMV
pp65 113-121) for the determination of CMV-reactive CD8™"
blood lymphocytes. First, 10 uL of PE-labeled Pro5® pentam-
ers (Prolmmune, Oxford, United Kingdom) were pipetted
into 100 uL of heparinized whole blood, vortexed, and incu-
bated at room temperature in the dark for 10 min. One micro-
liter of fluorescein isothiocyanate (FITC)-labeled anti-CD8
monoclonal antibody (BD Biosciences, Heidelberg, Germany)
was added, vortexed, and incubated at room temperature in
the dark for 20 min. Two milliliters of lysis buffer (BD Pharm-
lyse, BD Biosciences) was added, vortexed, and incubated at
room temperature in the dark for 2 min. Samples were centri-
fuged at 291 ¢ for 8 min, and the supernatant was decanted.
Cells were washed twice with 1.5 mL of phosphate-buffered sa-
line (PBS)/bovine serum albumin wash buffer and centrifuged
at 291 g for 8 min. Supernatant was decanted and 200 uL of PBS
was added. The samples were analyzed using a FACSCalibur
flow cytometer (BD Biosciences).

Determination of plasma cytokines, soluble cytokine
receptors, and soluble cytokine receptor antagonists

Plasma IL-2, IL-5, IL-6, IL-8, IL-10, transforming growth factor
(TGEF)-p,, interferon (IFN)-y, and tumor necrosis factor (TNF)-o
were determined by enzyme-linked immunosorbent assay.
All cytokines were measured using Quantikine kits (R&D Sys-
tems, Wiesbaden, Germany). Plasma was snap frozen within
2h after the blood was drawn and stored at —30°C until testing.

Determination of lymphocyte subpopulations

CD3"CD16 56 CD19 CD45%, CD3 CD16"56"CD19~
CD45", CD3 CD16 56 CD19°CD45", CD3"CD4"CD8"
CD45", and CD3"CD4 CD8*CD45" lymphocyte subsets
were defined in heparinized whole blood using four-color
fluorescence flow cytometry and antibodies purchased from
Becton Dickinson/Pharmingen (BD, Heidelberg, Germany).

Determination of Ig, IgM, IgG, C3d, and gp120 on CD4*
and CD8* T lymphocytes

The proportion of immunoglobulin-positive CD4™ cells in
peripheral blood was determined using double fluorescence
flow cytometry. First, 100 uL of whole blood was incubated
with 10 uL of PE-conjugated anti-CD3, anti-CD4, or anti-
CD8 (all BD Biosciences) monoclonal antibody for 30 min at
4°C. Erythrocytes were lysed by the addition of NH4CI solu-
tion for 15 min, the cells were washed with PBS, and 50 uL of
FITC-labeled goat-anti-human-Ig (Medac, Hamburg, Ger-
many), goat-anti-human-IgG (Tago, Burlingame, CA), goat-
anti-human-IgM (Medac), rabbit-anti-human-C3d (Dako-
patts, Hamburg, Germany), or 10 uL sheep-anti-gp120 (Bio-
chrom, Berlin, Germany) was added. Sheep-anti-gp120 was
used undiluted, the other antibodies were diluted 1:40. The
cells were incubated for another 30 min at 4°C, washed, and
analyzed by flow cytometry (FACScan, BD Biosciences).
The gate setting for background staining was adjusted to
<1% CD3*IgG" control lymphocytes, and this gate was
used for all subsequent analyses. Finally, 150 healthy controls
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CMV
42 CMY ProS PE CD8 FITC.007

FIG. 1. Flow cytometric
determination of HIV and
cytomegalovirus (CMV)
pentamer-specific CD8*
blood lymphocytes. Peri-
pheral blood lymphocytes
(PBLs) in heparinized whole
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CMYV pentamers as well as ~30,04% e 1,2% =301% : 0,9%
CD8 monoclonal antibody. ] b ]’

More than 0.3% double pos- % s w o

itive HIV*CD8* or CMV*® £ -

CD8"* blood lymphocytes 523 =%

were considered as positive 8. g

test results. @ =

whose blood samples were tested in a previous series of ex-
periments showed a median (interquartile range) of CD3"
IgG" 1.0% (0%), CD4'IgM"™ 1.0% (1%), CD4'IgG*
1.0% (1%), CD4*C3d™* 5.0% (5%), CD4*gp120* 1.0% (1%),
CD8*IgM™ 2.0% (3%), CD8*IgG* 2.0% (4%), and CD8"
C3d™ 15.0% (10%) lymphocytes in the blood. Tests resulting
in >30% double-stained cells were defined as autoantibody
or immune complex positive.

Determination of HIV-1 RNA copies in plasma

HIV-1 RNA was measured using the NucliSens EasyQ
HIV-1 V2.0 kit (bioMérieux, Niirtingen, Germany). Accord-
ing to the manufacturer’s instructions, HIV-1 RNA was quan-
tified using a 1-mL plasma sample. Sensitivity of the assay is
<10 copies using samples of 1 mL of plasma.

Statistical analysis

Wilcoxon rank sum test, Spearman rank correlation test,
Fisher’s exact test for 3x2 contingency table and chi-square
test were used for statistical analysis applying the Statistical
Program for the Social Sciences (SPSS, Chicago, IL). Adjust-
ment for multiple testing was done according to the method
of Bonferroni. P-values of <0.01 were considered significant
and are bolded in the tables.

Results

Demographical, virological, and immunological data
of hemophilia patients infected with HIV 30 years ago

HIV*® hemophilia patients were grouped according to
whether they had detectable (=10 HIV-1 RNA copies/mL
serum, n=15) or undetectable retroviral load (<10 HIV-1
RNA copies/ml serum, n=33; Table 1). Pentamer tests were
performed multiple times during the last 2 years; the latest in-
vestigation of each patient was used for the current analysis.
Flow cytometric determination of pentamer-specific CD8"

blood lymphocytes is depicted in Fig. 1. Compared with
healthy controls, both groups of HIV™ patients had lower ab-
solute counts of CD4", CD16"CD56", and CD3"CD25"
lymphocytes and higher absolute counts of CD3*DR* and
CD8"DR™ lymphocytes (all p <0.010; Table 1, Mann—Whitney
U test), as well as higher proportions of CD8™" blood lympho-
cytes reactive with HIV or CMV pentamers (p<0.010 for
the pentamers A*02:01 SLYNTVATL, A*02:01 ILKEPVHGYV,
B*07:02 IPRRIRQGL, B*08:01 FLKEKGGL, B*27:05
KRWIILGLNK, A*02:01 NLVPMVATV [CMV]; Table 1).
CD4" blood lymphocytes with abnormally high IgG/gp120
immune-complex load were no longer detectable in the
blood of the two patient groups (versus healthy controls:
p=not significant [n.s.]), confirming the stable clinical course
of these long-term HIV-infected patients (Table 1). When the
two patient groups were compared with each other, there
was no difference in absolute counts of CD45%, CD3*, CD3™
DR*,CD3"CD25%,CD4"DR",CD8", and CD8 "DR" Tlym-
phocytes; CD19™ B lymphocytes and CD16"CD56™ NK cell
subsets; CD8" lymphocytes reactive with HIV or CMV pen-
tamers; or proportions of CD4" blood lymphocytes coated
with IgG, IgM, and/or gp120 (p=n.s., Table 1). The data sug-
gest that long-term HIV* hemophilia patients with undetect-
able HIV-1 viral load are similar with respect to these
immune parameters as long-term HIV* hemophilia patients
with detectable HIV-1 viral load. However, both groups of
HIV™ patients have abnormally high proportions of circulat-
ing activated CD8*DR™ lymphocytes as well as circulating
CD8" lymphocytes reactive with HIV-1 and CMV.

Association of HIV-specific CD8* T lymphocytes
with other immune parameters

High CD8*DR™ blood lymphocytes were associated
with high CMV-specific CD8" lymphocytes (A*02:01
NLVPMVATV p=0.003; A*24:02 VYALPLKML p=0.020;
Table 2) and tended to be associated with HIV-specific
CD8* lymphocytes (B*07:02 IPRRIRQGL, p=0.046; B*08:01
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TABLE 3. CATEGORIZATION OF HIV-INFECTED HEMOPHILIA PATIENTS WITH OR WITHOUT
HIV- AND CYTOMEGALOVIRUS-REACTIVE CD8* PERIPHERAL BLOOD LYMPHOCYTES AND WITH OR WITHOUT HIV-1 VIRAL LOAD

48 HIV-infected hemophilia patients

23 (48%) patients without
HIV-reactive CD8" PBLs

25 (52%) patients with
HIV-reactive CD8"* PBLs

27 (56%) patients without
CMV-reactive CD8* PBLs

21 (44%) patients with
CMV-reactive CD8* PBLs

15 (65%) 8 (35%) 18 (72%) 7 (28%)
patients patients patients patients
without with without with
HIV VL HIV VL HIV VL HIV VL

19 (70%) 8 (35%) 14 (67%) 7 (33%)
patients patients patients patients
without with without with
HIV VL HIV VL HIV VL HIV VL

VL, viral load.

FLKEKGGL, p=0.014; B*27:05 KRWIILGLNK, p=0.040;
Table 2). Interestingly, high HIV pentamer—specific CD8"
lymphocytes were strongly associated with low CD19" B
lymphocytes counts in the blood (B*27:05 KRWIILGLNK,
p=0.001; B*08:01 FLKEKGGL, p=0.001; B*07:02 IPRRIRQGL,
p=0.008; A*03:01 QVPLRPMTYK, p=0.034; Table 2). HIV
and CMV pentamer-specific CD8* lymphocytes frequencies
were strongly associated with each other (Table 2). Our find-
ings suggest that activated CD8 "DR " blood lymphocytes are
directed against CMV as well as HIV, and that patients with
pentamer-reactive CD8" blood lymphocytes have polyclonal
responses against different epitopes of these viruses. Cellular
anti-HIV and anti-CMV responses are strongest in patients
with low blood B-lymphocyte counts.

Proportion of patients with HIV-specific
CD8* T lymphocytes in the blood

Based on measurements in healthy controls (Table 1) and
according to manufacturer instructions, a cutoff of >0.3%
(of total PBLs) pentamer-reactive CD8" blood lymphocytes
was defined as a positive test result (Fig. 1). Using this defini-
tion, 23 of 48 (48%) patients showed no CD8" response to
HIV-specific peptides, seven (15%) reacted with one HIV pen-
tamer, nine (19%) with two, six (13%) with three, two (4%)
with four, and one (2%) with five HIV pentamers. With re-
spect to CMV, 27 (56%) patients had no detectable CMV-
specific CD8" lymphocytes, 15 (31%) reacted with one and
six (13%) with two CMV pentamers.

Of the 23 patients with undetectable HIV pentamer—
specific CD8" lymphocytes, 15 (65%) had undetectable HIV-1

TaBLE 4. CD4% aAnD CD8"DR* LympHOCYTE COUNTS
IN E1GHT PATIENTS WITH DETECTABLE VIRAL LOAD BuT
No HIV PENTAMER-REACTIVE CD8" BLOOD LYMPHOCYTES

% HIV pentamer-
reactive CD8" PBLs ~ HIV-1 CD8™*
DPatient with respect to all PBLs copies/mL CD4"/ulL DR™/uL

1 <0.3 140 515 213
2 <03 28 1220 366
3 <0.3 260 1154 136
4 <0.3 54 500 34
5 <03 5000 20 192
6 <03 120,000 371 1135
7 <03 470 287 318
8 <03 24 685 98

viral load (Table 3). Of the 27 patients with undetectable
CMV pentamer—specific CD8" blood lymphocytes, 19 (70%)
showed undetectable HIV-1. These data indicate that approx-
imately half of the long-term HIV-infected hemophilia pa-
tients had no detectable HIV- or CMV-reactive CD8"
lymphocytes in the blood, two thirds thereof during HIV-1
quiescence with no detectable viral load. When, in addition,
patients with a positive cellular anti-HIV response were ana-
lyzed, 18 of 25 (72%) patients with detectable HIV-specific
CD8™ lymphocytes and 14 of 21 (67%) patients with detect-
able CMV-specific CD8" lymphocytes had no detectable
HIV-1 replication (Table 3). Thus, strong antiviral CD8™ lym-
phocyte responses occurred in patients with detectable as
well as undetectable HIV-1 load.

Among the eight patients with detectable HIV-1 load but
no HIV-reactive CD8" lymphocytes in the blood, there was
only one conspicuous patient with very low CD4" lympho-
cytes (20/uL), high HIV-1 load (5000 copies/mL), and, inter-
estingly, high CD8*DR™ lymphocyes (192/uL; Table 4). The
other seven patients showed >250/uL CD4"* lymphocytes,
six of them <500 HIV-1 copies/mL, and four >193/uL CD8"*
PR+ lymphocytes, suggesting reasonable disease stability.
Table 5 shows the profile of patient 1 from Table 4. The pa-
tient showed a simultaneous loss of HIV pentamer—reactive
CD8" lymphocytes and an increase in HIV-1 viral load, sug-
gesting that the HIV pentamer-reactive CD8" lymphocytes
may have protected the patient from increased retroviral rep-
lication.

Analysis of multiple consecutive investigations in HIV*
hemophilia patients

The 48 HIV " patients were investigated a total of 212 times
(1-11 investigations per patient, Fig. 2) during a period of 31
months. In this rather small series of irregular investigations,
22 (46%) patients showed consistently undetectable HIV-1
viral load, eight (17%) patients showed consistently detect-
able HIV-1 viral load, and 18 (38%) patients alternated be-
tween periods of detectable and undetectable retroviral load
(Fig. 2).

Patients with consistently undetectable HIV-1 viral load
tended to show lower frequencies of polyclonal anti-HIV re-
sponses than patients experiencing periods of retroviral repli-
cation. When patients with polyclonal anti-HIV responses
were defined as showing >50% positive test results based
on all tests with HIV-1 pentamers during the 31-month obser-
vation period, only 1 of 22 (4.5%) patients with consistently
undetectable HIV-1 viral load showed a strong and broad



TABLE 5. SIMULTANEOUS INCREASE OF HIV-1 LoAD AND DECREASE OF PENTAMER-REACTIVE CD8" LyMPHOCYTES IN AN HIV" HEMOPHILIA PATIENT

HIV-SPECIFIC CD8" T LYMPHOCYTES IN BLOOD

% A*24:02

CD8* (CMV) CD8" (CMV)

% A*02:01

% B*27:05
CD8*

FLKEKGGL KRWIILGLNK NLVPMVATV VYALPLKML
CD8*

% B*08:01

% B*07:02
IPRRIRQGL CD8*

% A*03:01
CD8*

% A*02:01
CD8*

CD8*

% A*02:01
SLYNTVATL ILKEPVHGV QVPLRPMTYK

CD4*/ CD8*
uL  DR™/uL

-1
copies/mL

HI

Date

0.51
0.08
0.17
0.20
0.06

1.87
0.28
0.84
0.56
0.17

0.66
0.08
0.27
0.02
0.16

041
0.08
0.28
0.02
0.04

0.18
0.39
0.00
0.13

0.40
0.36
0.53
0.36
0.08

0.61
0.33
0.35
0.64
0.03

0.65
0.72
0.50
0.85
0.19

235
210
208
175
213

823
650
502
509
515

July 29, 2010
October 4, 2010
April 11, 2011
August 19, 2011
April 4, 2012
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CD8™* lymphocyte response against HIV pentamers, whereas
3 of 18 (17%) patients with alternating periods of detectable
and undetectable retroviral replication and three of eight
(38%) patients with consistently detectable HIV-1 viral load
exhibited polyclonal anti-HIV responses (p=0.077, Fisher’s
exact test for 2x3 contingency table). The corresponding re-
sults with CMV pentamers were 5 of 22 (23%), 5 of 18
(28%), and 2 of 8 (25%) patients, suggesting that HIV-1 repli-
cation induces anti-HIV but not anti-CMV CD8* lymphocyte
responses. Although our results did not reach statistical sig-
nificance, they suggest that patients with consistent retroviral
quiescence lack broad polyclonal cellular responses against
HIV, whereas patients with retroviral replication tend to
form CD8™ lymphocytes against several different HIV pen-
tamers.

Plasma cytokines and HIV-specific CD8" T lymphocytes

Because high HIV and CMV pentamer—reactive CD8"
blood lymphocytes were associated with high activated
CD8"DR* T lymphocyte and low CD19" B lymphocyte
counts, we studied plasma cytokine levels in 42 patients to in-
vestigate whether there was a relationship with a pronounced
Th1 cytokine pattern (Table 6). Patients with (n=11) or with-
out (n=31) detectable HIV-1 load had similar IL-2, IL-5, IL-6,
IL-8, IL-10, IFN-y, TGF-fi1, and TNF-u plasma levels (p=n.s.).
IL-6 and TNF-o plasma levels were lower in healthy controls
(n=39; IL-6, 1.1+ 1.6 pg/mL; TNF-«, 0.85+0.96 pg/mL) than
in patients with (IL-6, 3.6+5.2pg/mL, p=0.001; TNF-z,
3.4+72pg/mL, p=0.022) or without HIV-1 viral load (IL-6,
2.7+2.6 pg/mL, p<0.001; TNF-o, 2.1+4.7 pg/mL, p=0.020).
IL-8 was normal in patients without HIV-1 load and lower
in patients with HIV-1 load compared to healthy individuals
(4.5+10pg/mL vs. 13+31 pg/mL, p=0.042). Plasma levels of
the other cytokines were similar in both patient groups and
controls (p=n.s.). The data show evidence for strong mono-
cyte and macrophage activation but normal Thl and Th2
cytokine levels in these HIV™ patients after =30 years of
follow up.

High monocyte- and macrophage-derived plasma cyto-
kine levels were associated with HIV pentamer—reactive
CD8" lymphocytes only in patients with HIV-1 load but
not in patients without HIV-1 load (Table 6). TNF-o was asso-
ciated with A*03:01 QVPLRPMTYK (p=0.025), B*08:01
FLKEKGGL (p=0.024), and B*27:05 KRWIILGLNK
(p=0.004), IL-6 with B*07:02 IPRRIRQGL (p=0.013), and
TGF-f1 with B*27:05 KRWIILGLNK (p=0.042), indicating
that CD8" lymphocyte responses occurred during periods
of normal Thl and Th2 plasma cytokine levels and increased
monocyte and macrophage activation.

Reactions with A*02:01 pentamers in HLA-A2*
and HLA-A2™ patients

The highest sensitivity of pentamer testing should be
achieved when pentamer and patient lymphocytes are HLA
identical. We investigated the number of positive reactions
(>0.3% pentamer-reactive CD8" lymphocytes of all PBLs)
with two different HLA-A*02:01 HIV pentamers in 22 HLA-
A2" and 26 HLA-A2™ patients. Of the 22 HLA-A2" patients,
7 (32%) without and 3 (14%) with HIV-1 load showed positive
reactions, indicating that a fraction of HLA-A2™" patients with
as well as without HIV-1 load have circulating CD8"
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DANIEL ET AL.

TABLE 6. AssoCIATION OF HIV-Speciric CD8" PERIPHERAL BLoOD LYMPHOCYTES WITH PLASMA CYTOKINE LEVELS
IN 42 HIV" HEMOPHILIA PATIENTS

IL-2  IL-5 IL-6 IL-8 IL-10 IFN-y TGF-p1 TNF-o

Parameter r(p) r(p) r (p) r(p) r(p) r(p r (p) r(p)
Patients with <10 HIV-1 copies/mL (n=31)

% A*02:01 SLYNTVATL CD8* ns. ns. n.s. ns. ns. n.s. n.s. ns.

% A*02:01 ILKEPVHGV CD8* ns. n.s. n.s. ns. ns. n.s. n.s. n.s.

% A*03:01 QVPLRPMTYK CD8™* ns. ns. n.s. ns. n.s. n.s. ns. n.s.

% B*07:02 IPRRIRQGL CD8* n.s. n.s. n.s. n.s. ns. n.s. n.s. n.s.

% B*08:01 FLKEKGGL CDS8* n.s. ns. n.s. ns. n.s. n.s. n.s. n.s.

% B*27:05 KRWIILGLNK CD8™* ns. n.s. n.s. ns. n.s. n.s. n.s. n.s.

% A*02:01 NLVPMVATV CD8" (CMV) ns. ns. n.s. ns. ns. n.s. n.s. n.s.

% A*24:02 VYALPLKML CD8* (CMV) n.s. ns. ns. ns. ns. ns. ns. ns.
Patients with >10 HIV-1 copies/mL (n=11)

% A*02:01 SLYNTVATL CD8* ns. ns. n.s. ns. ns. n.s. n.s. n.s.

% A*02:01 ILKEPVHGV CD8* ns. n.s. n.s. ns. ns. n.s. n.s. n.s.

% A*03:01 QVPLRPMTYK CD8* n.s. ns. n.s. ns. ns. n.s. n.s. 0.667 (0.025)

% B*07:02 IPRRIRQGL CD8* ns. ns. 0.714 (0.013) n.s. ns. n.s. n.s. ns.

% B*08:01 FLKEKGGL CD8* ns. ns. n.s. ns. ns. ns. ns. 0.670 (0.024)

% B*27:05 KRWIILGLNK CD8"* n.s. ns. n.s. ns. ns. ns. 0.620 (0.042) 0.785 (0.004)

% A*02:01 NLVPMVATV CD8" (CMV) ns. ns.
% A*24:02 VYALPLKML CD8* (CMV) ns. ns.

—0.621 (0.042) ns. ns. ns.

n.s.
n.s.

n.s.

n.s. n.s. n.s. n.s. n.s.

Data were analyzed using Spearman rank correlation test. p-Values of <0.01 are presented in boldface.

lymphocytes that can react with HLA-A*02:01 HIV pentam-
ers (Table 7). Of the 26 HLA-A2™ patients, 1 (4%) patient
without and 3 (12%) patients with retroviral load had
CD8* lymphocytes in the blood that were reactive with
HLA-A*02:01 HIV pentamers, confirming that those pentam-
ers were also reactive with CD8™ lymphocytes of some HLA-
A2" patients.

Discussion

In 1996 we summarized the immunological dysfunctions
of hemophilia patients who had lived with their HIV infection
for more than 10 years.'> We described a patient who lived
with HIV for 16 years and who during the last 6 years had
lost his CD4* and CD8" lymphocytes. CD4™ lymphocytes
decreased from a normal 561/ul to a strongly abnormal
27/uL, whereas CD8" lymphocytes decreased in parallel
from a strongly elevated 1283/uL to a normal 306/uL. We
interpreted these results as an indication that the patient
had lost his cellular antiviral response, which resulted in in-
creased viral replication and increased destruction of CD4"

TaBLE 7. NuMBER OF HLA-A2* anp HLA-A2™ HIV™*
HemoPHILIA PATIENTS SHOWING POSITIVE REACTIONS
wITH PENTAMERS A*02:01 SLYNTVATL
AND/OR A*02:01 ILKEPVHGV

HLA-A2" HLA-A2~

Patients (n=22) (n=26)
No. of positive reactions 0o 1 2 0o 1 2

with A*02:01 SLYNTVATL

and/or A*02:01 ILKEPVHGV

pentamers
No. of patients with <10 HIV-1 7 5 2 18 0 1

copies/mL

No. of patients with 210 HIV-1 5 2 1 4 2 1
copies/mL

lymphocytes that were no longer capable of providing CD8"
lymphocytes with the cytokines necessary for activation and
proliferation of virus-reactive CD8" effector lymphocytes. Dur-
ing the following year, the patient was converted to HAART.
Now, 16 years later, at the end of the year 2012, this patient
showed 315/uL. CD4", 834/ul. CD8*, and 299/ uL activated
CD8"DR™ lymphocytes in the absence of detectable HIV-1
viral load in the blood, indicating a recovery of the immune sys-
tem during successful antiretroviral therapy. We hypothesize
that the strong increase of activated CD8"DR™ lymphocytes
observed in this patient is an indication of the presence of
HIV-reactive CD8" lymphoctes that might be responsible for
the consistently low HIV-1 viral load and the immunological
and clinical stability of this (and other) hemophilia patients
now living with HIV since they were infected 30 years ago.
To substantiate this hypothesis, we studied frequencies of
circulating CD8" blood lymphocytes that were reactive
with HIV and CMV peptides. Our data show that long-
term HIV-infected patients have abnormally high frequencies
of CD8" blood lymphocytes that are reactive with HIV and
CMV (Table 1), forming a broad antiviral response against
several HIV and CMV pentamers (Table 2). This antiviral re-
sponse is mediated by CD8 "DR ™ lymphocyte in the blood of
the patients (Table 2). Interestingly, CD8" lymphocytes reac-
tive with HIV were not associated with the HIV-1 load in the
blood: two thirds of patients with as well as two thirds of the
patients lacking a cellular anti-HIV response showed quies-
cence of retroviral replication (Table 3). However, patient
profiles based on irregular investigations showed a trend
that polyclonality of the cellular anti-HIV response was asso-
ciated with retroviral load, because strong and broad CD8"
lymphocyte responses against HIV pentamers were more fre-
quently observed in patients with consistently detectable
HIV-1load. Strong HIV replication seems to induce a boosted
polyclonal CD8* lymphocyte response against several epi-
topes of HIV that probably decreases HIV replication; the re-
sponse becomes oligoclonal and low level during periods of
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retroviral quiescence. Interestingly, patients with HIV-1 load
in the plasma as well as patients without had normal Th1 and
Th2 cytokine responses. Thus anti-HIV CD8" lymphocyte re-
sponses were not associated with Th1 and Th2 cytokine levels
in either patient group, indicating stability of the immune sys-
tem of these patients.

To our knowledge, this is the first study describing anti-
HIV CD8™ T cell responses in patients living with HIV for
30 years. CD8" lymphocyte responses to HIV-specific pen-
tamers or tetramers have been described by others, and the
clinical relevance of the responses was controversial.'®
Studies by Gray et al.*””*® provided evidence that persistently
replicating viral populations are probably required for main-
taining high frequencies of HIV-1 epitope-specific CD8" T
cells in asymptomatic chronically infected individuals and
that suppression of HIV-1 replication resulted in diminished
frequencies of peripherally activated antigen-specific CD8™
cells. Spiegel et al.* reported that HIV-1- and CMV-specific
cytotoxic T lymphocytes can persist at high frequency for pro-
longed periods in the absence of circulating peripheral CD4™"
T cells. Kostense et al.*’ showed that most HIV-infected pa-
tients have sustained HIV-specific T-cell expansion, but that
many of these cells are not functional, leaving the patient
with high numbers of nonfunctional virus-specific CD8" T
cells in the face of a high viral burden. Decrion et al.*' de-
scribed CD8*CD28™e™mediate T cels in the blood of chroni-
cally HIV-infected subjects that are specific for HIV, CMV,
and Epstein-Barr virus (EBV) as measured by human leuco-
cyte antigen pentamer binding and production of intracellu-
lar IFN-y and TNF-o in response to their cognate viral
peptides. Decrion et al.*! concluded that a subset of functional
effector-memory CD8" T cells specific for HIV, CMV, and
EBV antigens may contribute to an efficient immune response
in HIV-infected subjects. Kloverpris et al.** induced novel
CD8™ T cell responses during chronic untreated HIV-1 infec-
tion by immunization with subdominant cytotoxic T lympho-
cyte epitopes. Low frequencies of hepatitis C virus (HCV)
pentamer-positive HCV-specific CD8™ cells (0.01%—0.05%)
were detected in 9 of 12 HCV-infected HIV ™" patients and rep-
resented mainly effector-memory PD-1-negative T cells.*®
Cross-reactive CD8™ T cell recognition of HLA-A2-restricted
HIV-Gag (SLYNTVATL) and HCV-NS5b (ALYDVVSKL)
epitopes in individuals infected with HIV and HCV was
reported by Vali et al.**; however, they found that the induc-
tion of cross-reactive T cells was not associated with control of
disease by the heterologous virus. SenGupta et al.** showed
that strong human endogenous retrovirus-specific T-cell re-
sponses were associated with control of HIV-1 in chronic in-
fection. Harcourt et al.*® identified two distinct patterns of
response against HIV and HCV in a cohort of co-infected he-
mophiliacs: some patients had a limited response to either
virus, while others generated responses to a range of HIV epi-
topes. HCV responses were detected only in those patients
who formed multiple responses to HIV epitopes. Lack of
functional or tetramer-positive HIV-specific T cells was asso-
ciated with a decline in absolute CD4 " T cell counts. Villacres
et al.*” described vigorous T-helper responses to CMV anti-
gens in healthy CMV-seropositive donors but low responses
in a cohort of HIV-infected patients. Potent CD8™ cytotoxic T
lymphocyte responses to CMV in HIV-infected patients re-
ceiving HAART were the converse of what was found in
healthy CMV-seropositive subjects and thought to be the pre-
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dominant adaptive immune response against CMV in HIV-
infected patients.”” With respect to HIV-specific CD4* T
cells, Vingert et al.*® described that individuals suppressing
and controlling HIV for more than 10 years maintained a pop-
ulation of highly efficient CD4" Th1 effectors directed against
Gag in spite of persistently low antigenemia, while long-term
treated patients showed a loss of CD4 effector functions such
as cytokine production. Iyasere et al.*’ showed that diminished
proliferation of HIV-specific CD4 ™ T cells is associated with di-
minished IL-2 production and is recovered by exogenous IL-2.

Taken together, this literature survey shows that the clini-
cal relevance of HIV-reactive CD8" blood lymphocytes is
controversial. However, a common thread is that anti-HIV
CD8™ cell responses are paralleled by anti-CMV, anti-EBV,
and anti-HCV CD8™ cell responses indicating partial immune
competence in these patients. Our data show that even pa-
tients with detectable HIV-1 replication and <0.3% HIV pen-
tamer-reactive CD8" PBLs in the blood can remain clinically
stable (Table 4). However, as shown in Table 5, these patients
seem to have lost their protective CD8™ lymphocyte response
against HIV, as suggested by increased HIV-1 replication.
The increase of CD8*DR™ lymphocytes in these patients
might be due to microbial co-infections and reactivations of
other viruses which can initiate immune activation and pro-
mote HIV replication as reported by Blanchard et al.>°

Our approach to compare HIV pentamer-reactive CD8*
lymphocyte responses of patients with consistently undetect-
able HIV-1 load with those of patients during periods of retro-
viral activity showed evidence for increased intensity as well as
increased polyclonality of cellular anti-HIV responses during
HIV-1 replication. We interpret the strong and polyclonal cellu-
lar anti-HIV responses as an attempt of the immune system, in
the presence of HIV-1 antigen, to eliminate HIV-infected cells.
After successful elimination of HIV-infected cells, the antiviral
response decreased from polyclonality to oligoclonality. The
fact that, 30 years after infection with HIV, 33 of 48 patients
showed undetectable HIV-1 load (Table 1) might be interpreted
as efficient control of HIV-1 replication by HIV-reactive CD8*
cytotoxic T lymphocytes combined with HAART. Those 15 pa-
tients with detectable viral load during HAART showed poly-
clonal antiviral responses, probably an indicator of active
antiretroviral immune responses.

One also has to consider that partial HLA incompatibility
of pentamers with patient lymphocytes or low T-cell receptor
avidity for certain pentamer/MHC complexes might have
decreased the sensitivity of our flow cytometric test method,
as highlighted by Nepom.’! However, positive reactions, rep-
resenting the meaningful and significant findings of this anal-
ysis, are not affected by this phenomenon. Table 7 shows the
high frequency of positive reactions with two different HLA-
A*02:01 pentamers in HLA-A2 ™ patients, of whom 96% could
be expected to express the allele HLA-A*02:01.°% Should HLA
identity of pentamers with patient HLA play a role in the se-
lection of pentamer-specific CD8" lymphocytes, we would
expect that would increase the stringency of our detection
system because only T-cell receptors with high affinity for
the HIV peptide would bind to the pentamer. Positive reac-
tions in an HLA incompatible setting indicate that the bind-
ing affinity to the HIV peptide is exquisitely strong. The
constellation might be similar to the direct recognition of in-
compatible donor HLA peptide by recipient T lymphocytes
in organ transplantation.”
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We were concerned that the selection of CD8" lympho-
cytes may have been antigen unspecific. However, the find-
ing that HIV" individuals had significantly higher numbers
of pentamer-reactive CD8" lymphocytes than healthy con-
trols strongly suggests that the selected CD8* lymphocytes
were virus specific (Table 1). Mean*2 SD of pentamer-reac-
tive CD8* lymphocytes for the six HIV pentamers in healthy
individuals was 0.12%, 0.09%, 0.31%, 0.06%, 0.08%, and
0.12%. This was far below the cutoff level of >0.3% pen-
tamer-reactive CD8" lymphocytes used in our analysis for
the definition of positive test results. The sensitivity of the
test could be further improved by investigating more than
100 uL of heparinized whole blood using rare event detection
in flow cytometric analysis.

Conclusions

Hemophilia patients living with HIV for >30 years showed a
broad polyclonal CD8* T cell response against HIV. The cellular
antiretroviral immune response appeared to be strongest and
polyclonal during periods of HIV-1 replication and remained
detectable in many patients during periods of HIV-1 quiescence.
The consistent cellular anti-HIV-1 response in combination with
HAART is believed to ensure stability and survival of chroni-
cally HIV-1-infected hemophilia patients. HAART might only
be efficient in patients with an immune system that is partially
functional, similar to antibiotics that are ineffective in patients
with severe combined immunodeficiency disease.
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