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IMMUNOBIOLOGY

CD8 T cells specific for human immunodeficiency virus, Epstein-Barr virus, and
cytomegalovirus lack molecules for homing to lymphoid sites of infection

Gang Chen, Premlata Shankar, Christoph Lange, Hernan Valdez, Paul R. Skolnik, Lijun Wu, N. Manjunath, and Judy Lieberman

CD8 T cells are classified as naive, effec-
tor, or memory cells on the basis of
CD45RA, CD62L, and CCR7 expression.
Sequential engagement of cell-surface
CD62L and CCR7 receptors is required
for efficient trafficking to lymphoid tissue

by means of high endothelial venules.
Naive CD8 T cells are CCR7 *CD62L*
CD45RA*, whereas long-term memory
cells are CCR7 *CD62L+*CD45RA™. Effec-
tor cytotoxic T cells are thought to be
CCR7-CD45RA*. The distribution of CD8
subsets and cytolytic protein expression

in healthy donors and donors seroposi-
tive for human immunodeficiency virus
(HIV) were compared. In HIV-infected sub-
jects, CCR7 ~ CD8 T cells expanded at the

expense of naive and long-term memory
cells. In both healthy donors and HIV-
infected donors, CCR7 *+ CD8 T cells were
uniformly negative for perforin. In all sub-
sets, perforin and granzyme A were not
coordinately expressed, with perforin ex-
pression being more tightly regulated.
The properties of CD8 T cells specific for
cytomegalovirus, Epstein-Barr virus
(EBV), and HIV were studied by staining
with major histocompatibility complex
peptide tetramers. Antigen-specific cells
for chronic infections with these viruses
were uniformly CCR7 ~ and predominantly
CD62L~. In 2 HIV-seropositive donors, 3-
to 4-fold fewer EBV-tetramer—positive
cells were present in lymph nodes com-

pared with blood. Antigen-specific CD8 T
cells are therefore preferentially excluded
from lymphoid sites, even when infection
is primarily in lymphoid tissue. This may
protect lymphoid tissues from immuno-
pathological changes but compromise im-
mune defense against viruses, such as
HIV and EBV, that target lymphocytes.
HIV-specific CD8 T cells do not express
CD45RA, whereas EBV- and CMV-specific
CD8 T cells are heterogeneous in
CD45RA™* expression. Lack of CD45RA
expression may indicate incomplete dif-
ferentiation of HIV-specific CD8 T cells to
cytotoxic T cells. (Blood. 2001;98:156-164)

© 2001 by The American Society of Hematology

Introduction

The development of a class I-restricted CD8 T-cell response hioming properties. They up-regulate adhesins, including CD44 and
vivo is associated with changes in the cell-surface phenotype @, B2, andp7 integrins, which contribute to their preferential
CD8 T cells that reflect alterations in the migration and functiondoming to inflamed tissues, from which naive cells are normally
capability of these cells. Naive T cells continuously recirculatexcludect*! The LN homing receptors L-selectin and CCR7 are
from blood to lymphoid tissue (lymph nodes [LNs]) throughthought to be strongly down-modulated on effector cells but
specialized high endothelial venules (HEVS). Sequential engadeeterogenously expressed on memory cells, thus suggesting that
ment of L-selectin (CD62L) and lymphocyte function—associatesbme memory cells recirculate through LNs as part of immune
antigen (LFA) 1 on naive T cells to their respective ligandsurveillance!?

peripheral node addressin and intercellular adhesion moleculeApart from their expression of adhesins, naive, effector, and
(ICAM) 1 and ICAM-2, on HEV, sets into motion tethering, memory cells can also be distinguished by their expression of
rolling, and firm adhesion of T cells to HEVs—steps that arproteins important for their activation and functishiNaive cells
prerequisite for transmigration of these cells into the surroundirgxpress the RA isoform of CD45, are CD28nd CD27, and do
LNs.12A chemokine receptor, CCR7, has also been found to be aat express the cytolytic effector molecules, perforin and gran-
important determinant of T-cell homing to LNS.CCR7 on T cells zymes. Although most previously activated T cells are CD45RO
interacts with secondary lymphoid tissue chemokine on HEVs aadd CD45RA, a subset of terminally differentiated CD8 T cells
regulates LN homing, presumably by delivering an activatiowith immediate ex vivo cytolytic ability expresses CD45RA. Data
signal required for LFA-1 binding to ligard” When the naive cell have suggested that, in fact, there may be 3 distinct subsets of
encounters antigen, it proliferates and differentiates into effectantigen-primed CD8 T cells, distinguished by their expression of
and memory cells in the specialized microenvironment of the LNECR7 and CD45RA? These have been classified as a long-lived
In keeping with the requirement of effector and memory cells t6CR7'CD45RA™ “central memory” subset, a CCRZD45RA"
exert their cytolytic and cytokine secretion function at peripherdéffector” subset, and a CCRTD45RA™ “effector memory”
sites of infection, previously activated CD8 T cells have differergubset. The functional differences between effector cells and
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effector memory cells are unknown, although the latter are thougising a 20-gauge needle with a 10-mL syringe attached to an aspiration
to require further differentiation for cytotoxic function. syringe gun.

Infection with human immunodeficiency virus (HIV) stimulates
one of the strongest known human antiviral CD8 T-cell responsg§tramers
with tremendous expansion of previously activated CD8 T celigtramers were produced by us or by the National Institute of Allergy and
and a high frequency of circulating HIV-specific CD8 T céfi3®  |nfectious Diseases Major Histocompatibility Complex (MHC) Tetramer
Paradoxically, despite their high frequency (estimated to be orde@sre Facility (Yerkes Regional Primate Research Center, Atlanta, GA) as
of magnitude greater than the number of HIV-replicating tafdets described previousl.?2The tetramers used in this study are listed in Table
CD8 T cells are unable to eradicate the virus or halt progressileWe are able to characterize tetramer-positive (tetrajreslls if they are
immunodeficiency in most subjects with HIV infection not receivPresent at a frequency above 0.01% of CD8 T cells.
ing antiviral drugs. CD8 T cells in HIV-infected subjects are
phenotypically heterogeneo@sThis heterogeneity likely reflects Flow cytometry
each cell's unique history of antigen exposure (in a setting @br external staining, PBMC (2-18 10%/tube) were stained as previously
ongoing viral replication and chronic inflammation) and functionalescribe@ with the following fluorescein isothiocyanate—conjugated (FITC),
capability. Some alterations in CD8 T cells may interfere witlphycoerythrin (PE)-conjugated, or Cy5-conjugated monoclonal antibodies
effective antiviral immunity. Because HIV infection is concen{mAbs): CD8 (mAb B9.11; Immunotech, Marseille, France), CD45RA
trated in LNs, lack of expression of molecules that target effect§PAb ALB11; Immunotech), or CD62L (MAb DREG-56; Pharmingen, San
cytotoxic T lymphocytes (CTLs) to the LNs might interfere with?i€90. CA), or IgG-FITC, IgG-PE~conjugated, and IgG-Cy5—conjugated,
their ability to provide protection. In fact, one study found a lack OLF;otype-matched controls (Immunotech). For CCR7 assessment, cells were

perforin expression, which is required for effective CTL-mediate?aIneOI Witha-human CCR7 mAb 7H12 (IgG2b produced to recombinant

. . . . o s rotein at LeukoSite, Cambridge, MA) and then with PE-conjugated
lysis of HV-infected cells, in the LNs of HiV-infected subjects. F(ab'} goat antimouse Ig (Immunotech). After external staining, cells were

~In an effort to understand the reasons for the inadequai&uspended in 5aL Hanks balanced salt solution and permeabilized by
immune protection in HIV infection, we compared the distributionsing a Fix and Perm Kit (Caltag Laboratories, Burlingame, CA) according
and functional potential of naive, memory, and effector subsetstofthe manufacturer’s protocol before staining with FITC or PE-conjugated
CD8T cells in healthy and HIV-infected subjects. We found that, in- granzyme A (GzmA) mAb (CB9; Pharmingen)@perforin mAb (3G9;
HIV infection, there is a paucity of LN-homing naive andPharmingen). For tetramer staining, PBMCX2L.0°) were resuspended in
long-term memory cells, which is more profound in patients witROOpL fluorescence-activated cell-sorter (FACS) buffer and stained for 40
acquired immunodeficiency syndrome (AIDS). Antigen-specifi@im‘tes at 4°C with 0.f.g/mL streptavidin PE-conjugated tetramers. The
CD8 T cells from HiViinfected donors as well as those fror’r‘fe"s were washed and resuspended in FACS buffer for costaining with the
. . . Abs described above. Stained cells were resuspended pLFACS
healthy volunteers, stained with tetramers for 3 viruses—HlI

; : X ffer and 2% formaldehyde for analysis on a CBB tightly gated
Epstein-Barr virus (EBV), and cytomegalovirus (CMV)_thaﬁymphocyte population (FACScalibur; Becton Dickinson, Mountain View,

cause chronic infections, uniformly lacked CCRY7 expression agd\). Gates were defined by requiring that fewer than 1% of the isotype-
generally did not express CD62L. control antibody-stained cells were positive.

Statistical analysis

Patients and methods Data from donors with HIV infection were analyzed for significant
) differences from data from healthy volunteers by using the 2-tailed Student
Subjects t test and the nonparametric Mann-Whitney test. All analyses were also

Igne to determine whether there were significant correlations with Centers

Subjects were healthy volunteers and patients who were seropositivez _ ) ) o
HIV-1 and had various stages of disease. Informed consent was obtai rlesease Control (CDC)—defined disease sthged plasma viremia.

from each subject, and the study was approved by the Center for Blood

Research Institutional Review Board and the human investigation commit-

tees of the local hospital sites. Blood samples were either freshly obtaifResults

or cryopreserved by using a programmed cell freezer (model 9000;

Gordinier, Roseville, Ml). Flow cytometry results obtained with thawedReduction of naive and long-term memory cells and expansion

cells were comparable to those achieved with freshly isolated cells ino2effector and effector memory T cells in HIV infection

samples studied, as long as peripheral blood mononuclear cells (PMBC)

were frozen within 2 hours of Ficoll-Hypaque density separation. LNVe compared the CD8 T-cell subset distribution, defined by CCR7,
aspirates were obtained from palpably enlarged peripheral LNs (PLNs) 6D45RA, and CD62L expression, in 14 HIV-infected subjects at

Table 1. Tetramers used in the study

HIV-seropositive donors Healthy donors
Subjects with Subjects with

Amino Restricting recognition of Frequency of CD8 recognition of Frequency in CD8
Virus/protein acids Sequence element References tetramer T cells, range (%) tetramer T cells, range (%)
HIV/gag 77-85 SLYNTVATL A0201 17,23, 24 2/5 0.21-0.22 0
HIV/IRT 309-317 ILKEPVHGV A0201 17,24, 25 2/4 0.36-0.95 0
HIV/env 593-600 YLKDQQLL B8 26 3/7 0.05-0.11 0
CMV/pp65 495-503 NLVPMVATV A0201 27-29 4/5 0.18-11 3/8 0.25-4.85
EBV/BMLF1 280-288 GLCTLVAML A0201 30,31 4/5 0.02-0.16 4/8 0.08-0.12
EBV/BZLF1 190-197 RAKFKQLL B8 30, 31 6/6 0.18-3.06 1/1 0.37

HIV indicates human immunodeficiency virus; CMV, cytomegalovirus; and EBV, Epstein-Barr virus.
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various stages of disease (5 with CDC stage A, 5 with stage B, amalive CD8 T cells (defined as CD62CD45RAY) in HIV infec-
4 with stage C) with that in healthy donors (Figure 1). There wast@n, which becomes more pronounced with advanced diséase.
marked reduction in circulating CCR7CD8 T cells in HIV- our study, the proportions of both CCRZD45RA" naive cells
infected donors compared with healthy donors, particularly iind CCR7CD45RA™ long-term memory cells were reduced
patients with AIDS. Whereas 60% 9% of healthy donor CD8 T sijgnificantly in HIV infection. Whereas most circulating CD8 T
cells were CCRY7, only 17%=* 11% of CD8 T cells from cells in healthy donors were CCRZD45RA" (52% + 12%), the

HIV-infected donors expressed this LN-homing moleculgympers of naive cells were decreased substantially in subjects
(P < .0001). The proportions of CCRTCD8 T cells were similar \ith H|v infection (14%+ 10%; P < .0001). This reduction was

in infected donors with stage A disease and those with stagesBnarent in all stages of disease but was most pronounced in
(21% =+ 6% and 22%+ 9%, respectively) but decreased con5|der|[-)atients with late-stage disease (stage A, 7% stage B,

ably in those Wlth_advanced stage C disease ("4%_/0)' . . 20% *+ 9%; and stage C, 2% 2%). Although healthy donors had
Previous studies showed a reduced proportion of urculat@gw circulating CCR7CD45RA- long-term memory cells
(8% = 4%), the long-term memory pool was even smaller in
A _ 5|57 _5|67 donors with HIV infection (all HIV-infected donors, 3% 2%
Zh‘l‘or::al =) 4 [P < .0004]; donors with stage A disease, 5%6.%; donors with
stage B, 2%*= 1%; and donors with stage C, 2%2%). In
subjects with HIV infection, there was a reciprocal increase in
tissue-homing CD8 T cells, including both CCRID45RA"
terminally differentiated effector cells (all HIV-infected donors,
26% + 10%; healthy donors, 10% 4%; P < .002) and
CCR7 CD45RA™ CD8 T cells, whose functional role is unclear
(all HIV-infected donors, 55% 18%; healthy donors, 30% 8%;
P < .006). The size of these CCRpopulations did not change
significantly with disease stage.

A similar analysis was done for coexpression of CCR7 and
CD62L in circulating CD8 T cells. Two thirds of CD8 T cells in
HIV-infected donors (63%t- 15%) lacked both LN-homing
B 100 molecules, whereas fewer than one third in healthy donors were
O Normal CCR7 CD62L" (28% = 13%;P < .0001). Similarly, there were
90 - B Stage A twice as many CCR7TCD62L" CD8 T cells in HIV-infected
A Stage B donors than in healthy donors (24%15% versus 11%: 7%;
¢ Stage C P < .05).
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GzmA and perforin are not coordinately expressed
o N in CD8 T cells

70 1

680 o Perforin expression and granzyme expression have generally been
i-- thought to be up-regulated in parallel when CD8 T cells differenti-
o ate into effector CTL$ It is likely that GzmA, the most abundant
granzyme in CTLs, continues to be expressed in many previously
activated cells, since GzmA was found to be expressed in circulat-
ing CD8 T cells from healthy donors in proportion to the numbers

o of circulating CD8 T cells that were not nai¥eHowever, the
kinetics of perforin expression after effector cell differentiation has

: not been studied. We therefore assessed perforin and GzmA
20 . expression in circulating CD8 T cells costained for CCR7, CD45RA,

* and CD62L (Figure 2, Figure 3, and Table 2). In 5 healthy donors,
there was a 4.5-fold excess of GzmA-positive (GzmADS8 T

cells compared with perforin-positive (perforinCD8 T cells;
27% =+ 8% of CD8 T cells were GzmA whereas only 6% 2%

0 were perforirt (P < .01). Most CD8 T cells that were not ‘iva
CCR7 + + - - (because they no longer expressed CCR7, CD45RA, or CD62L)
CD45RA + - + - stained for GzmA. Of CCRY7 cells, 69%=* 7% were GzmA.

Figure 1. HIV-infected donors have few CCR7 * naive (CCR7+CD45RA*) or ~ Similarly, 63%=* 9% of CD45RA" cells and 84%*- 2% of
long-term memory (CCR7 *CD45RA~) CD8 T cells but compensate with expan - CD62L cells were GzmA. CCR7" CD8 T ceIIs, which include

sions of effector (CCR7 ~CD45RA*) and effector memory (CCR7 ~CD45RA") . dl t I if lv did t

cells. (A) Representative dot plots of gated CD8Pight lymphocytes from healthy naive .ar? ong-térm memory cells, uniformly did not express
donors and HiV-infected donors classified according to disease stages determined in ~ perforin in samples from healthy donors. Only 0.499.4% of

1993 by the CDC.2 (B) Summary of CCR7 and CD45RA costaining data from healthy ~ CCR7* cells were perforin, whereas 3.2% 1.6% were GzmA.
donors and HIV-infected donors. The proportion of CCR7" naive and long-term ' . .
memory cells was lowest in patients with stage C AIDS. The differences between Therefqre’ the _C_e”S that homed to the LNs had no immediate
healthy donors and HIV-infected donors are significant. cytotoxic capability.

40

Percent of CD8 T Cells

30 A

»
m. e B er B

fus} Em
> »u
[

-
o

o o o m » B
m o



http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From bloodjournal.hematologylibrary.org at Harvard Libraries on March 31, 2011. For personal use only.

BLOOD, 1 JULY 2001 - VOLUME 98, NUMBER 1

Normal

65)|0.6 65/0.4
13121 - 3114

CCR7 DOWN-MODULATION ON ANTIVIRALCD8 T CELLS 159

CCR7 CD62L CD45RA" T cells as effector CTL!$2° may be
somewhat justified but is an oversimplification. Because perforin

A expression is absolutely required for granule-mediated cytolysis,
some CCR7CD45RA" cells are effector CTLs, whereas most
CCR7 CD45RA" CD8 T cells are unlikely to be immediately
cytotoxic without additional differentiation.
Increase of GzmA * and perforin * CD8 T cells in HIV infection
The proportion of GzmA- and perforin-expressing CD8 T cells in
HIV-infected donors was substantially greater than that in healthy
Normal 62| 2 donors, again with more cells expressing GzmA than perforin. In
T 28 donors with HIV infection, 67%* 21% of CD8 T cells were
T GzmA" (P <.001 versus results in healthy donors), whereas
Y 34% + 21% were perforin (P < .01 versus results in healthy
~ donors). The number of perforirCD8 T cells appeared to increase
= with disease severity, but the differences were not significant in this
= small sample. As in samples from healthy donors, virtually no
o 1 CCRT7" CD8 T cells expressed perforin (1.5%1.0%). However,
e e P i £ M i i P a small proportion of CCR7 CD8 T cells in samples from
10 1l 10° 10° 1o LU R TV L TV T R .
N~ szA Perforin HIV-infected donors expressed GzmA (15%012% versus
' 3% = 2% in healthy donors; Figures 2 and 3 and Table 2). This
O suggests that long-term memory cells have down-modulated per-
31107 33 (0.2 - L .
O HiV+Stage A Sz 508 forin but that GzmA expression is less tightly regulated and may
T g - . .
= = persist in some central memory cells as they traffic to the LNs. In
= 1 = healthy donors, the distribution of perforin- and GzmA-expressing
s 2 cells analyzed for coexpression of the other LN-homing marker
"5 4 % CD62L was similar to that for CCR7. CD62Lcells generally did
'D_ -;' 'D_ CCR7+CD8 T celils CCR7-CD8T cells
=] - 100 100
o - N 90
00 1ol 102 1 1t T » % .
708 . o -
s 60 60
HIV+ Stage B 5 50 '
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- - 30 3 o " st
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Figure 2. Circulating CCR7 * CD8 T cells in healthy donors and HIV-infected % 30 . " " 30 5
donors do not express GzmA or perforin. Representative dot plots show n 2 . " « -
costaining of gated CD8Pright lymphocytes with CCR7 and GzmA or perforin. © 12 5ot - 12 T R .
° Q 20 40 60 80 100 0 20 40 60 80 100
Perforin staining results do not support the designation CDB2L+CD8 T cells CDB2L- CDB Tcells
of effector and effector memory populations based ‘gg ] *Zg
on CD45RA expression 80 80 .
70 70 . bl
When perforin and GzmA staining were done in conjunction with 60 . 60
CDA45RA staining in samples from healthy donors, there were g jg "
many more GzmA cells than perforin cells in both the CD45RA 30 - 2 e
and CD45RA subsets. We found 3 times as many GzmA Py L % ]
CD45RA! cells as perforin CD45RA" cells and 6 times as many p—mo2% § % o= 0
0 20 40 80 80 100 0 20 40 80 80 100

in the CD45RA" subset. Therefore, although a larger proportion of
the GzmA" CD45RA" cells were perforin, at least two thirds of

therefore unlikely to be cytolytic without additional changes inefined by CCR7, CD45RA, or CD62L expression.
more cells than perforin. CCR7" cells from healthy donors and HIV-infected donors
did not express perforin. In HIV-infected donors, higher numbers of GzmA-

protein expression. The highest concentration of perfoGD8 T

% Granzyme + Cells
the GzmA" CD45RA" cells did not stain for perforin and are rigure 3. Gzma and perforin are differentially expressed in CD8 T-cell subsets

GzmA was expressed in many

cells in healthy donors were CD62L(32%i 3%; FIgUI’fi‘ 3 and expressing and perforin-expressing cells were found in all subsets except LN-homing
Table 2). These results suggest that the assignment aafR7+cD8T cells. oindicates NI; m, HIV*.
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Table 2. CD8 T cells of each phenotype that expressed granzyme A (GzmA) or perforin

CD8 T cells CCR7* CCR7~ CD45RA* CD45RA~ CD62L* CD62L"~
Donor group Perforin ~ GzmA Perforin GzmA  Perforin  GzmA  Perforin  GzmA  Perforin  GzmA Perforin  GzmA  Perforin  GzmA
Healthy (n = 5) 62 278 04*x04 3*x2 16*7 69 =7 52 14+5 11*6 63*x9 3*x1 165 32+x3 84=x2
HIV-seropositive
(n=11) 34+20 67+20 15+1.0 15*12 40+22 84*9 40*25 59+20 34*26 82*6 19*+21 59+16 47+27 89=*8

Stage A (n = 5) 2818 71+14 10+x09 14*11 34+18 85*x9 35*x20 55+15 34*+26 83*x7 19+18 58+12 47+20 88=*7
Stage B (n = 4) 35+18 56+24 17=*07 9+4 41+20 80*8 37*+24 54+21 27+22 80*6 9+5 50 +10 43+27 87=*9
Stage C (n = 2) 4821 81*5 23*+07 30*10 54*x24 91*1 58+24 79=*1 4724 86*+1 39*27 808 56 +34 94*4

Values are means + SD percentages.

not express perforin, although the results were not as uniform sample with a higher frequency of CCR7 staining. In that sample,

those in CCR7 cells. However, in samples from HIV-infected33% of tetramer EBV-specific CD8 T cells expressed CCR7 and

donors, most CD62t cells were GzmA and, in some of these 60% expressed CD62L. The pattern of CD62L staining on samples

donors, a good proportion (19% 21%) also expressed perforin. from healthy donors was similar to that on samples from HIV-
Perforin was expressed in many CD45RAnd CD45RA  seropositive donors.

CD8T cells in samples from donors with HIV infection (means

for perforin, 40% and 34% of cells, respectively; and meansiv-specific CD8 T cells, unlike EBV- and CMV-specific T cells,

for GzmA, 59% and 82% of cells). Thus, CD45 isoformdo not express CD45RA

expression may not differentiate between effector and effector ) )
memory subsets, particularly in inflammatory settings such &gcause CD45RA expression may be linked to effector CTL

HIV infection. function, we also stained tetranfercells for CD45RA. In
HIV-seropositive donors, only 5.1% 5.7% of HIV-tetramer

Antigen-specific CD8 T cells do not express CCR7 and most cells expressed CD45RA, whereas 35.3922.8% of EBV- or

are also CD62L ~ CMV-specific cells from the same subject group were CD45RA

(Figure 5); the difference was significanP € .004). The
We used tetramer staining to examine cell-surface expression Oin%portion of EBV- and CMV-specific cells that were CD45RA
LN-homing receptors on antigen-specific CD8 T cells that recogy samples from healthy donors (33.7%22.8%) was similar to
nize HIV, CMV, or lytic EBV antigens in the context of HLA thatin samples from HIV-seropositive donors. Because only 5 of
A0201 or B8. The tetramers used for this analysis were for Hi\he 13 HiV-infected subjects studied had tetramer-staining cells
A0201-restricted gag and RT epitopes and a B8-restricted eflove background levels for both HIV and non-HIV tetramers,
epitope, a CMV A0201—restricted pp65 epitope, and EBV A0201ge a1s0 graphed CCR7, CD62L, and CD45RA expression in the
restricted BMLF1 and B8-restricted BZLF1 epitopes (Table l}etramer cells from those 5 donors (Figurg.@\Ithough levels
PBMC from 6 HIV-infected subjects positive for A0201 and 75f cCR7 and CD62L expression for HIV-specific and non—HIV-
positive for B8 (various disease stages) and from 8 healthy dongﬁeciﬁc cells were comparable, there was substantially more
positive for A0O201 and one positive for B8 were analyzedcp4sRA expression in the EBV- and CMV-specific cells than in

Costaining for homing receptors was done if a discrete populatighe H|\-specific cells when each donor was considered
of tetramer cells above background levels could clearly begjvidually.

identified, which was possible if the frequency of tetram@b8 T
cells was greate_r thgn 1 of 10 000. Rep_resentative flow cytome;_@{tigen_Specific CD8 T cells are decreased in PLN compared
plots are shown in Figure 4. The proportion of donors who met this ;5
criterion for each epitope and the frequencies of tetrdrells are
shown in Table 1. Generally, the proportion of donors with stainingecause tetramércells did not express CD62L and CCR?7,
above background levels and the frequency of tetramells was molecules required for interaction with PLN HEVs, we investi-
higher for the EBV and CMV tetramers than for the HIV tetramergated whether tetramercells were reduced in peripheral lymph
used in this study. This may reflect the fact that the epitopes foodes (PLN) compared with blood. Paired blood and PLN
HIV tetramers used in this and other studies are rarely immunodoaspirate samples were obtained from 2 HLA B8-positive,
inant3% In the HIV-infected donors, there was no relation betweeHIV-seropositive asymptomatic subjects not currently receiving
the frequencies of specific cells and HIV disease stage, nor wagtiretroviral drugs. Samples from both donors stained for B8
there a difference between healthy donors and HIV-infected dond&BV tetramers but not for B8 HIV tetramers. We therefore
in the range of frequencies for EBV- and CMV-tetrameells. compared the distribution of total CD8 T cells and EBV-
However, the numbers of subjects with recognition of any partictetramer cells in PBMC and PLN. CD62t and CCR7 CD8 T
lar epitope studied were small. cells were more than 2-fold more frequentin PBMC than in PLN
Few tetramer CD8 T cells recognizing HIV, EBV, or CMV (Figure 7). Correspondingly, there were only half as many CD8
antigens stained for the chemokine receptor CCR7 (Figure 5). Dfcells in PLN as were found in PBMC. These results indicate
25 samples costained for tetramer and CCR7, 15 had no tetram#at although CD62ECCR7" CD8 T cells preferentially home
cells staining for CCR7. Only one sample (for an EBV tetramer int® PLN, CD62L-CCR7 cells are selectively impaired in
sample from a healthy donor) had any substantial number of calesaching PLN. This was also strikingly reflected in the distribu-
with detectable CCR7 expression. The other LN-homing moleculkéon of tetramer cells. There were proportionately 3- to 4-fold
CD62L, was more often expressed on tetrameglls but was still fewer EBV-tetramer CD8 T cells in PLN than in PBMC (Figure
only present in fewer than one third of tetrameells, exceptinthe 7). Even within the CD8 subset, there were approximately 2-fold
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tors. Representative dot plots for costaining of the indicated tetramers with CCR7,
CD62L, and CD45RA are shown. Although the pattern of CCR7 and CD62L staining
for tetramer™ CD8 T cells responding to all 3 viruses was similar, CD45RA staining
was reduced in HIV-specific T cells compared with cells specific for the other viruses
causing chronic infections.

Discussion

Although HIV infection stimulates one of the strongest known
human antiviral CD8 T-cell respons¥sl’ CD8 T cells fail to
control disease progression in most infected people. Our results
suggest a possible important factor contributing to the inability of
CD8 T cells to control HIV: failure of HIV-specific CD8 T cells to
express the homing receptors required for efficient trafficking into
LNs where most HIV replication occurs. This lack of LN-homing
molecules is not restricted to HIV-specific CD8 T cells or to HIV
infection, since CMV- and EBV-specific cells from both healthy
donors and HIV-infected donors had the same trafficking receptor
patterns of expression. Therefore, antigen-experienced CD8 T cells
in the setting of chronic infection with persistent antigenemia may
be selectively excluded from the LNs, even when the infection is
localized primarily to those tissues.

The initial activation of naive CD8 T cells occurs in T-cell zones
of LNs where the naive T cell encounters dendritic cells bearing the
peptide antigen that fits its antigen receptor. Thereforéyena
cells are equipped with adhesion molecules such as L-selectin and
CCR7, whose sequential engagement are required for access to

fewer tetramer cells in PLN than PBMC (0.4% versus 0.8% inLNs. However, on activation, T cells down-regulate L-selectin and
sample A and 0.5% versus 0.8% in sample B; data not shownp-regulate adhesion molecules sucBasndB?2 integrins, which
Expression of CD62L, CCR7, CD45RA, CD27, and CD28 byre required for homing to peripheral tissues. Thus, a redirection of
EBV-tetramer cells was comparable in the 2 sets of PLN andhigration potential from LNs to peripheral tissues is a hallmark of
PBMC samples (data not shown).

activated T cells. CCR7 has been identified as a key chemokine

100 100 100
90 90 90
.
80 80 80 4 R
70 70 70 .
& 80 604 o é 80 .
g 50 g 50 | © 0 . Figure 5. Antigen—specific CD8 T cells for HIV, CMV,
%] “Z, 8 and EBV uniformly do not express CCR7. The
R 40 = 40 ® 40 ¢ o © proportion of tetramer* CD8 T cells that stained for
o - . CCR7, CD62L, and CD45RA is shown for samples
%0 0 * %0 i * from 12 HiIV-infected donors and 6 healthy donors who
20 4 204 ¢ & ¢ M 20 ¢ ° had recognition of at least one of the tetramers listed in
. . 2 . Te e ° Table 1. Expression of CCR7 and CD62L was similar in
0 . © © . t . 01, ° HIV and other viral-specific cells and in samples from
A be N . HIV-seropositive donors and healthy donors. However,
HIV EBV CMV  EBV CMV Hiv EBVCMV  EBV CMV HIV EBVY CMV  EBV CMV CD45RA was conspicuously not expressed only in

HIV-seropositive Normal donor

HIV-seropositive

Normal donor

HIV-seropositive  Normal donor

HIV-specific CD8 T cells.


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From bloodjournal.hematologylibrary.org at Harvard Libraries on March 31, 2011. For personal use only.

162 CHENetal BLOOD, 1 JULY 2001 + VOLUME 98, NUMBER 1
A peripheral blood, is probably even lower in the LNs. However,
u;e ¥ s | © understanding the immune response at the site of infection is

3 33%
© g 3 3 PBMC important for understanding disease pathogenesis.
S O3 . k The exclusion of effector cells from LNs, which in normal
- 0l 10 10% 50 10 10" 10 10° 10 circumstances provides efficient division of labor among CD8 T
0= ﬁ i 83 70% cells and may protect LNs from immunopathological damage by
e € 3 E LN inflammatory cytokines and cytolytic enzymes, may work to the
8- 89: ﬂ 3 detriment of the host in HIV infection by converting LNs into
107 100 10 0¥ 10 10 107 10% 10 10 relatively immunologically privileged sites. A study of acute
CCR7FITC  CD62L FITC S - . . C
simian immunodeficiency virus (SIV) infection in macaques also
e g s suggested that SIV-specific CD8 T cells are preferentially excluded
S 2" R B from the LNs38 In blood and LN samples from monkeys obtained
S é IA— i PBMC 13 and 21 days after SIV infection, there were proportionately
0% B i PR et et 4-fold fewer SlV-tetramer cells in LNs than in the circulation
- - 2 = (P < .007). This is remarkably similar to what we found for
. I gwj weTy 4% N EBV-tetramer cells in 2 subjects with chronic HIV infection.
E 3 3 3 Clearly, lack of CCR7 and CD62L is not an absolute bar to LN
0 %Y - °ew ~, oc'w A N et e trafficking. In fact, gene-marked, HIV-specific CD8 T-cell clones
Forward scatter Tetramer PE CCR7FITC  CD62L FITC adoptively transferred into HIV-infected subjects were shown to

Figure 7. Selective reduction in EBV-tetramer ~ *+ cells in LN aspirates compared traffic to LN,2® but how efficiently they can do this is uncertain,

with blood from 2 HIV-seropositive donors.  Paired peripheral blood and LN since billions of T cells were infused in this clinical study. It is not

aspirate samples from 2 HIV-seropositive HLA B8 donors not receiving antiretroviral clear whether the infused cells expressed L-selectin and CCR7, but

drugs ([A] CD4 count, 348, and plasma HIV RNA, 68 618; [B] CD4 count, 518, and . . . . .

plasma HIV RNA, 175 135) were compared by analyzing a tightly gated lymphocyte such expression is unlikely after prolonged in vitro culture.

population costained for CD8 and EBV B8 tetramer (second column), CCR7 (third The distribution of naive and memory CD8 T-cell subsets is

column), and CD62L (last column). In the LNs compared with the peripheral blood, grossly altered in HIV-seropositive subjects. Naive CDS8 T cells,

there was a 2-fold reduction in CD8 T cells compared with the total lymphocyte . .

population and a 3- to 4-fold reduction in EBV-tetramer* CD8 T cells. The proportion which express CD45RA’ L_SE|eCtm’ and CCR7’ V\(ere defzreased

of cells staining for CCR7 and CD62L in LNs was much higher than in the blood. markedly in such subjects and nearly absent in patients with stage
C disease. On the basis of differential expression of homing

receptor necessary for lymphocytes to cross the HEV barrier receptors, different subsets of human memory CD8 T cells have

enter LNs. Moreover, CCR7 also appears to be involved P]een proposed: L-sele_ctln—pgsmve, CDA5RICRT" central
trafficking within LNs and possibly in regulating cellular entry into€mory cells; L-selectin—variable, CD45RBCRT effector
afferent lymphé? MHC-tetramet HIV-specific CD8 T cells are memory cellsi;zand L-selectln—varlable,.CD45RDCRT terminal
uniformly negative for L-selectin and CCRY7. In fact, only 15% Opffept_or cel_ls. Th? presumably '0”9""’6" central memory cell§
all CD8 T cells from subjects seropositive for HIV expresseSXh'b't no immediate effector fqnctlon bu.t are capable of rapid
CCR?7, whereas more than 60% of CD8 T cells from healt call responses. Such cells, which comprised about 8% of CD8 T

subjects expressed this molecule. This may reflect the fact that m qls in_healthz_ donorf],_ were reduceld to Sbout 3% hin Hl\g.
CD8T cells in HIV-seropositive subjects are activated cells that a§gro_p05|t|_ve subjects. This Memory pool may become ex austed in
being chronically restimulated with HIV and other antigens. Thug,|IV infection because of chronic antigen p?rS|stence and '”f'amma'
HIV-specific CD8 T cells may be preferentially excluded from thé'pn' IW_e founI(I:i t?at the f_requenc_:% of naive cells pluqunmetedhln
principal sites of viral replication and pathological changes in LN§!TeY at!ng cells from patients with stage C AIDS, whereas t_e
In the absence of L-selectin and CCR7, CD8 T cells generaIWc’port'on of central memory cells was markedly reduced in

do not bind to HEVs. In HIV infection, where there is a reduction in
CCR7"CD62L" circulating CD8 T cells, one might expect that
relatively fewer CD8 T cells would traffic to the LNs. In fact, in 2 (4
subjects we tested, the frequency of CD8 T cells in PLN was only
half of that in PBMC, and the number of EBV-tetramegells in
PLN was reduced even further—to a quarter of the tetréameH
numbers in PBMC. Most tetramerells in LNs, like those in the
circulation, were also negative for L-selectin and CCR7. Clearly,
the exclusion of CCR7 T cells from the LNs in HIV infection is
leaky, particularly in the presence of LN inflammation. Although
entry by means of the HEVs will be largely blocked, CCRZD8
T cells can also enter the LNs through the afferent lymphatics. Thi
CCR7 CD62L" EBV-tetramer cells in the LN aspirates probably
represented recirculating cells from tissue that reached PLN b,
means of the afferent lymph. Infections with EBV and HIV ardigure .8. Model of.knovyn factors tha_t may contributg to impaire(_i CD8 T-cell .
localzed primarily to LN Thus,itis liely that most HIV-speciic? "% rfsior | conpoutoy fers, nebe () e, ey
CD8 T cells, like EBV—specmc cells, may also be preferentla”ynHC class | molecules or viral peptide escape mutation, (2) impaired or incomplete
excluded from the principal sites of viral replication and pathologiFcell-receptor signaling because of CD3{ and CD28 down-modulation, (3) up-
cal Changes in LNs. Studying tetramerells in LNs is technically regu_lgtion of NK inhibitory_ re(_:eptors., (4). lack of perforin for cytolysis, and (5)
N _ . inefficient homing to lymphoid sites of infection. Many of these molecular events may
Cha”englng because tetramer staining cannot be done on fl)ﬁ% e unique to HIV infection but are integral to the regulated CD8 T-cell response
samples and the frequency of tetrameells, which is low in the to antigen.

infected


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From bloodjournal.hematologylibrary.org at Harvard Libraries on March 31, 2011. For personal use only.

BLOOD, 1 JULY 2001 - VOLUME 98, NUMBER 1 CCR7 DOWN-MODULATION ON ANTIVIRALCD8 T CELLS 163

PBMC from HIV-seropositive donors with either stage B or stage Effector CTLs3* their subsequent expression is not tightly linked
disease. Declines in these T-cell populations likely affect the abilignd perforin expression is likely to be the controlling factor for
to protect against opportunistic infections, which becomes insytotoxicity. A report of a striking lack of perforin expression in
paired in these stages of HIV disease. HIV-specific CD8 T cells compared with other CD8 T cells
In contrast to naive and central memory cells, bothuggests that perforin expression might be distinctively affected by
CD45RAFCCR7" and, especially, CD45RACCR7 cells were HIV infection.*° However, this finding must be confirmed.
dramatically expanded in subjects seropositive for HIV. The The lack of effective immune surveillance by antigen-specific
functional role of CDA45RA isoform expression in previouslyCD8 T cells in HIV infection is likely to be multifactorial (Figure
activated CD8 T cells is not clear. The simple designation &). Some researchers have postulated the importance of defects in
CD45RA" cells as effector cells and CD45RAcells as effector target cell recognition by HIV-specific CTLs because of down-
memory cells does not seem to be valid, judging from perforimodulation of MHC class | molecules on infected cells by nef or
expression. Because CD45 is unlikely to contribute directly toecause of viral mutations of CTL epitopes to evade recognition or
effector function, evaluation of GzmA and perforin coexpression ishibit a functional respons€:*6Several possible molecular meeha
more accurate for distinguishing effector from other antigemisms on HIV-specific CD8 T cells that may contribute to lack of an
experienced CD8 T cells. Unfortunately, there isgall-surface effective response when an HIV-infected cell is recognized have
marker that unambiguously identifies effector CTLs. Lack odlso been described. These are (1) down-modulation of the key
CD27 or presence of CD56 cell surface expression may be betlecell signaling molecules CD3nd CD28 on HIV-specific CD8 T
indicators of effector CTL$3:40-42 cells with corresponding anomalies in signaling recognition of
Although CD45RA expression may be an imperfect marker fantigen3®47-52(2) up-regulation of natural killer inhibitory recep
effector CTLs, our finding that CD45RA is virtually absent fromtors on HIV-specific CD8 T cells to block triggeritg,and (3)
HIV-specific CD8 T cells but not from EBV- or CMV- specific cells defective differentiation into perforin CD45RATCD27- killer
in the same HIV-infected donors raises the possibility that termine¢lls so that the specific cells lack the machinery to deliver the
differentiation into fully competent effector cells may be defectivéethal hit?240 To this list we now add potential impairment of
in HIV-specific CD8 T cells. This idea is in accord with our earlieHIV-specific CD8 T cells to traffic efficiently and localize at the
observation that CD8 T cells in HIV-seropositive subjects havgrincipal sites of HIV infection in the LNs. Many of these CD8
defects in HIV-specific cytolytic ability a finding that was T-cell properties, including CD34nd CD28 down-modulation and
confirmed by subsequent stud@g® Moreover, perforin is selec down-modulation of LN-homing receptors, are part of normal
tively not expressed in LNs during acute and chronic HI\\mmune regulation of these potentially dangerous “serial killers” to
infection, although GzmA i8! Consistent with the hypothesis of limit immunopathological changé$.It remains to be confirmed
incomplete differentiation is the finding that HIV-tetrameells in  whether the lack of perforin expression is a special property of
the periphery also lack perforin expression and do not dowhkHV-specific CD8 T cell£14°A better understanding of the reasons
regulate expression of CDZ2740 for these defects and of the normal pathways for regulation of CD8
An important observation in this study is that perforin and-cell function might enable development of more effective
granzymes were not coordinately expressed. In both healthy ahédrapy for HIV infection.
HIV-infected donors, there was a large excess of CD8 T cells that
expressed GzmA but not perforin. The granule-mediated pathway,
which is critical for immune defense against many viral infectionsa‘cknow|edgments
depends absolutely on the presence of perforin. Mice that have
been rendered genetically deficient in perforin succumb to infed/e thank Brooke Harnisch and Zhan Xu for excellent technical
tions with such viruses as lymphocytic choriomeningitis vittis. help, Michael Lederman and the Case Western Reserve Center for
Moreover, HIV-infected primary T cells are lysed exclusively byAIDS Research for assistance in obtaining LN samples, and the
the perforin-dependent granule-mediated pathtfayherefore, National Institute of Allergy and Infectious Diseases Reagent and
although perforin and granzyme expression are up-regulatedReference Repository for providing us with most of the tetramers
tandem during the initial differentiation of naive CD8 T cells intaused in this study.
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