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SUMMARY

Lymph nodes are the major site of cell-to-cell transmission and replication of HIV-1. Trafficking of
CD4" T lymphocytes into lymph nodes provides a continual supply of susceptible target lymphocytes,
and conversely, recruitment of CDE lymphocytes may be critical for the host response that attempts

to control HIV-1 replication. The present study was undertaken as no detailed assessment of lymphocyte
subpopulations in HIV-1-infected lymph nodes has previously been reported. Peripheral blood and
single-cell suspensions prepared from lymph nodes of patients with HIV-1 and control subjects were
analysed using three-colour flow cytometry. Approximately 80% of the lymphocytes in control lymph
nodes were CD3T lymphocytes, of which over 65% were CH4The majority of the CD# and CD&

T lymphocytes obtained from both lymph nodes and blood of control subjects were immunologically
naive (CD45RA). By contrast, in HIV-1-infected patients there was a significant reduction in the
proportion of CD4 T lymphocytes and an expansion of the CDBlymphocyte subset in both lymph
nodes and peripheral blood. Furthermore, a high proportion of these T lymphocytes displayed a marker
for immunological memory (CD45R0). T lymphocytes derived from HIV-1-infected lymph nodes

also showed altered expression of the adhesion moleautedectin and very late antigen-4 (VLA-4),

but not leucocyte function-associated antigen-1 (LFA-1). Inrawitro adhesion assay, lymphocytes

from HIV-1-infected nodes were significantly more adhesive than control lymphocytes on fibronectin,
as well as recombinant human intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) substrates. This combination of altered lymphocyte subpopulations in the HIV-
l-infected lymph nodes, as well as enhanced adhesion phenotype and function, suggests that T
lymphocyte traffic to lymph nodes in HIV disease may be an important determinant of pathogenesis.
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INTRODUCTION over the first 48 h after antigen administration. Over 95% of this
effect is due to traffic of cells from blood rather than lymphocyte
Hroliferation within the node [3-5]. At a molecular level, the

adhesion molecules;selectin, leucocyte function-associated anti-

The selective recirculation of T lymphocytes through the body is
determined at the level of the interaction between lymphocytes an

vascular endothelial cells [1]. Naive T lymphocytes recwculategen_1 (LFA-1), very late antigen-4 (VLA-4) and their ligands

preferentially across high endothelial venules directly from blood? ™. . : . -

into lymph nodes; whereas memory T lymphocytes acquire e{‘acnltate the recruitment of lymphocytes into lymph nodes during

predilection, based on the environment in which they first encoun:MMune responses [6_10]' . . .
Lymphoid tissue is the predominant target of HIV infection and

ter foreign antigen, to home to or recirculate through the same . . .
Iocationg[’Z]. In I?/mph nodes undergoing an immune rgesponse thés the major site of T lymphocyte destruction throughout the course

cell number has been observed to increase by as much as 10-foé HIV disease [11]. Hence, a considerably greater viral burden
—10-fold) is detected in lymphoid tissue in comparison with

peripheral blood [11-13]. The recruitment of circulating lympho-
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the potential control of HIV replication via CD8T lymphocytes  at a constant reaction volume in each tube for each specimen. A
[11,14]. combination of CD45—FITC and CD14-PE (leucogate) was used
Immunohistochemistry has previously been used to determinéor gating (Becton Dickinson). Data acquisition and analysis were
the cellular composition of lymph nodes obtained from HIV-1- performed using Becton Dickinson FACScan and LYSYS Il soft-
infected patients. However, this method is limited by: the hetero-ware, respectively (Becton Dickinson). Ten thousand events were
geneous distribution of lymphocyte subsets in regions within theacquired from each tube. To illustrate how the flow cytometric data
lymph nodes; the logistic difficulties of enumeration of cell were obtained, representative dot plots from lymph node cells of an
numbers on tissue sections; and technical constraints, such as th#V-1-infected patient and a control subject are shown in Fig. 1.
lack of a range of MoAbs that stain formalin-fixed tissues. Hence, a
reliable evaluation of leucocyte subpopulations in lymph nodes hagjononuclear cell separation from blood and single-cell
not previously been possible. suspensions
T_his study_describes the first detailed th_ree-colour flow cyto-p standard density gradient centrifugation (Histopaque; Sigma,
metric analysis of leucocyte phenotypes in lymph nodes andsyqgney, Australia) was used to purify mononuclear cells from
perlpheral blood of patlents with HIV |pfect|0n and control sub- lymph node-derived single-cell suspensions and peripheral blood.
jects. The use of single-cell suspensions prepared from lymplo|iowing the purification of the lymph node-derived mononuclear
nodes enabled accurate evaluation of the Clxhd CD8 T (gjis (LNMC) and peripheral blood mononuclear cells (PBMC),
lymphocyte proportions as well as the co-expression of markergontaminating monocytes were depleted <8% by repeated
of adhesion and immunological memory. Arvitro adhesion assay  adherence to plastic. The average percentage of lymphocytes in
was utilized to define the functional significance of the alteredine pyrified samples was92% (+ 3%) as determined by FACS
adhesion molecule expression on the lymphocyte populations.  analysis. These lymphocyte preparations were used for adhesion
assays (see below).

SUBJECTS AND METHODS
Adhesion assay
Flat-bottomed 96-well microtitre plates were coated with sheep

Ten male HIV-l-nfected patients underwent excision of aanti human 1gG (Silenius, Sydney, Australia) followed by recom
Ipabl ical | h nod der local thesia. Al ty. ) ' T )
pa‘pable cervica’ lymph node underfoca: anaestnesia. Apparen %lnanthuman (rh) intercellular adhesion molecule (ICAM)—IgG or

normal cervical lymph nodes were obtained during carotid end- . . :
arterectomy from 10 uninfected male subjects who did not havevascular cell adhesion molecule (VCAM)-IgG fusion protein, as

palpable lymphadenopathy. Peripheral blood was also coIIe(:tegl.escribEd prt_aviously_[lG]. In parallel, plates were simi_larly coated
from patients and control subjects. The HIV patients were age ith h_uman flbronectln (@(:9 BRL, Me_lbom;rne, Australla) ate .
22_48years (mean 36 years). The control subjects were aged 4é)_vern|ght. Following a blocking step with 3% bovine serum albumin

74 years (mean 62 years). All subjects provided informed consen{S.Ii‘rQ"L;An)]“;:B c? ’S)V\;en”ds Zv;%gepl\lr?s::glVt\;/:lt:odel;'\rﬂpthot?//tse? (Eé?_l) %?lf
The study was approved by the institutional ethics committee. lymph node-derived lymphocytes (LNL) were added in triplicate
wells for the adhesion in which the plates were placed €37 a

Preparation of single-cell suspensions 0 . .
A single-cell suspension from each cervical lymph node wa55/° CGO; incubator for 1 h. Wells were then washed three times

prepared by mincing, digestion, and filtration [15]. A total cell us:lng Iil sttandardlzgq v&/ashlng prgce?l:re tcl) renljov%mngr;-ggherent
count was enumerated after assessment of viability with trypa gells. Plates were dried on absorbent towels andul a9 70

blue and the cells resuspended at%ml in PBS QW/V) rose Bengal solution was added. The stain was uniformly
’ aspirated using low pressure (2—4 mmHg) suction after a 5-min

incubation at room temperature. Following two standard washes,

Histopathological assessment of nodes .
. T ) . 200ul of ethanol:PBS (1:1) solution were added to each well.
Sections of formalin-fixed paraffin-embedded lymph node tlssu%hgn total release of(sta)in from the cells had occurred after

4 pm) were stained with haematoxylin and eosin. The slides were ) e
(4 um) y prox. 30 min, quantification of adherent cells was performed

then systematically evaluated by an independent experience%_ . . . .
pathologist for histopathological diagnoses. using a colorimetric read-out at 540 nm [17]. Optical density (OD)

readings obtained from cells plated onto uncoated wells or wells
coated with sheep anti-human IgG alone were close to the back-

round and were automatically deducted from the readings for
C|lbrone(:tin or rhICAM-1/VCAM-1, respectively. The percentage
of residual adherent cells was estimated by running a standard
curve of rose Bengal uptake and release from serially diluted LNL
or PBL.

Lymph node and peripheral blood collection

Flow cytometry

The lymph node-derived single-cell suspensions and peripher
blood obtained from the patients and control subjects were staine
with commercially available antibodies. MoAbs directed against
CD3, CD4, CD8, CD19, CD14 and CD56 (Becton Dickinson,
Mountain View, CA) were used to quantify lymphocyte subsets.
Antibody markers for activation (CD38, HLA-DR), and naive/
memory phenotype (CD45RA/CD45R0O) were purchased fromStatistical analysis

Becton Dickinson. Co-expression of the adhesion moleculesA computer software program, Microsoft Excel, version 5.0
CD11a, CD11b, CD54 (Serotec, Sydney, Australia), CD49d andMicrosoft Corp., Redmond, WA), was used to calculate means
CD62L (Endogen, Haem Pty Ltd, Sydney, Australia) on the Tand s.d. Two-tailed Mann—Whitney U-tests were performed to
lymphocyte subsets was also analysed. Isotype-matched irrelevaassess the level of statistical significance using SPSS for Windows,
MoAbs conjugated to each fluorochrome were used as negativeersion 6.0 (SPSS Inc., Chicago, IL). As several comparisons were
controls (Becton Dickinson). All tubes contained 20° cells per  performed appropriate Bonferroni adjustments of the significance
100ul of PBS to ensure saturation binding of cell surface markerdevel were made.
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RESULTS

(g) 104 Clinical characteristics and lymph node pathology

16'2°c 1'100 3'5% ) .
% & 100k A total of 11 lymph nodes was collected from 10 patients with
o HIV-1 infection. One patient (patient 1) donated a lymph node on
8 102F . two occasions, 3years apart. At the time of this study, all patients

with the exception of patients 1 and 2 were receiving anti-retroviral

101 5ol 7571% therapy with AZT (Zidovudine; Glaxo Wellcome). Patients 3, 4, 5
100160"‘1(')'1‘ s 04 10056555057 102703104 and 6.were receiving combination therapy with AZT and DDI
cD3 cD3 (\(lo_lex, Roche, Molecula_r Blochemlcgl, Basel, Swntzerland)._The
(b) 104F (h) 104F clinical details and the histopathological patterns observed in the
1-2% 71:9% 1% lymph nodes of each patient are summarized in Table 1. The patient
103F i 108 e classified as Centres for Disease Control (CDC) stage IVa had
é 102k ’ '.,', :ff' 2 102 persistent diarrhgea, .and the other two patient‘s designated as stage
| © . IVc presented with disseminated Mycobacterium avium complex
101 f 5427 14% 10MF ¢ (MAC). These latter two patients (patients 3 and 4 in Table 1) with
N L ﬁ 3 a type lll pattern of lymph node pathology [18] had moderate

oLs X i) o T O
109760 101 102 108 104 10°700 101

102 103 104 numbers of long rods consistent with mycobacteria, detected by
cD3 I CD3 immunofluorescence staining (figure not shown). In one patient
(©) 109 449, 8:7% (i 10% 5.79, 54-8% (patient 5 in Table 1) sections of the lymph node showed archi-
103 103 tectural effacement by a vascular spindle cell lesion with features
® e ® characteristic of Kaposi's sarcoma. Morphological assessment of
O 102 ¥ O 102 . . )
o Y o : lymph nodes obtained from control subjects showed varying degrees

101 ™ :6%] . 5r76-3% 101 of hyperplasia. Lymph nodes obtained from six subjects had mild
100 | 100 L hyperplasia, two showed moderate hyperplasia, one showed mild
100 10" 102 103 104 sinus histocytosis and one had prominent sinus histocytosis.
CD3 CD3
(d) 10%F 33.59 3909, ) 10 HIV-1-infected lymph nodes have a decreased proportion of
103 | A 1083 lymphocytes and an increase in the proportion of monocytes
< AR S ) In the ungated cell populations, CHI lymphocytes accounted
8 102 i o 10 for over 75% of the cells in the lymph nodes obtained from control
101 B 5T A% 107 subjects (Table 2). When compared with the corresponding
oy o F %8 é peripheral blood samples, the ungated population in the control
100 S 55104 19°700 101 102 10° 10 lymph nodes had a significantly higher proportion of CDB
CD45RA CD45RA lymphocytes (R0-001) and CD19 B lymphocytes (R 0-001),
(e) 104 196% (k) 104f but had a lower percentage of CD14ells (P<0-001), indicating
103 " 103} that lymphocytes were the principal cellular components of the
< < lymph nodes. In HIV-1-infected lymph nodes, the proportions of T
8 102 8 102F. and B lymphocytes were significantly lower than the control nodes
} 21% 101 (P<0-01; Table 2). In contrast, the proportion of CD1eklls was
10 A 3 significantly increased in HIV-1-infected lymph nodes (12-5%)
100 g gt 4 109900 101 702 105 10 compared with control subjects (2-9%xB-01).
CD45R0O CD45RO
) 104 () 104 019% Lymph nodes from HIV-1 infected patients contain a decreased
3 ? proportion of CD4™ and an increased proportion of CO8T
< 1098 < 103 lymphocytes
8 102k 8 102 In the lymphocyte gate, the mean proportion of CDBlympho-
cytes in the lymph nodes and peripheral blood of control subjects
107 10 .o 0% were 79-9% and 75-6%, respectively. In comparison with the
100 1"-'00 TIRTTRTER ] 10000 10W104 p_eripheral blopd, lymph nodes from (_:ontrol subjects contained a
LECAM LECAM significantly higher (R:0-001) proportion of CD# lymphocytes

(68-:6% compared with 45.5%) and a significantly lower
Fig. 1. Representative dot plots illustrating the FACS analysis of lymph (P<0-001) proportion of CD8 lymphocytes (8:5% compared
node cells derived from a control subject (a—f) and an HIV-1-infected ith 21-0%). The mean CD4:CDS8 ratio in the blood of control
individual (g—I) on the lymphocyte gate as defined by the Leucogate. Th%ubjects was 2-4, whereas in the lymph node it was 8-5 (Table 3).

numerical values indicated on each quadrant represent the proportions %fhe percentage of CD19B lymphocytes was also significantly
lIs th ingle-positi | | igh les . . :
cells that are single-positive (upper left and lower right quadrants), doub e;ugher (P<0-005) in the control lymph nodes compared with

positive (upper right quadrant) and double-negative (lower left quadrant) <" L
for the phenotypic markers designated on the abscissa and ordinate of ea@ﬁ”pheral blood. Furthermore, there was a significantly lower

plot. The cursors for the quadrants were set based on negative contréP<0-001) proportion of na_tural kiIIer.(NK) qells in .the control
antibodies 1gG1—FITC, IgG2a—PE and IgG2b—PerCp conjugated antibonodes (range 0-5-2-4%) in comparison with peripheral blood
dies. (range 5-4-19-3%).
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Table 1. Clinical profile and histopathological patterns of the lymph nodes obtained from patients with HIV/AIDS

Patient 2 7 8 1 9 10 3 4 5 6 1t
HIV-1 antibody status +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Age (years) 22 40 48 35 31 43 31 39 31 42 38

Sex M M M M M M M M M M M

Duration of infection* 6years 8years N/A 10years 8years N/A 9years N/A 8years N/A 13years
Stage of diseaset I} IVa 11l Il 1l Il Ve Ve 1] 1] 1l

Blood CD4 countklt 180 176 100 800 730 610 40 130 100 219 670
Blood CD8 countkl§ 990 910 346 1746 1290 1320 510 1170 710 1523 2780
Histopathological pattefp Il 1] 1 | | [ 1] I I 1] Il

p24 antigen (pg/ml)** 61 34 58 Neg. Neg. Neg. 128 65 Neg. Neg. Neg.

*Approximate time since seroconversion. N/A indicates patients who did not recall a seroconversion iliness, but had a positive serologicahcesult f
than 6years.

tCenters for Disease Control (CDC) classification of HIV-1 disease (MMWR 1986; 35:334).

$Normal range (700—1200 celid).

8§Normal range (550—-650 celld).

qHistopathological patterns [37—39]; Pattern I, germinal centre hyperplasia and expansion; Il, germinal centre loss, neovascularizatioinotytdy
depletion, node atrophy; secondary diseases such as mycobacteriosis, lymphoma or Kaposi’'s sarcoma.

**p24 antigen level in serum at the time of biopsy (Innogenetics, Gent, Belgium).

$1This patient donated a lymph node on two occasions 3years apart.

In both the lymph nodes and peripheral blood of HIV-1- The proportion of naive T lymphocytes is decreased and that of
infected patients, there was a decrease in the proportion of CD4memory T lymphocytes is increased in lymph nodes in patients with
and CD19 lymphocytes (Table 3). The degree of CD&  HIV-1 infection
lymphocyte depletion in the HIV-1-infected lymph nodes was In both the CD4 and CD8 T lymphocyte subsets derived from
statistically significant (R0-005). In contrast to the marked the control lymph nodes, the proportion of CD45RAnaive)
depletion in CD4 T lymphocytes, there was a prominent expan- lymphocytes was significantly higher ¢€9-001) than that of the
sion of CD8 lymphocytes in both the nodes {®-005) and CD45RO" (memory) phenotype (Fig. 2). The range of expression
peripheral blood samples &0-001) obtained from HIV-1- of CD45RO in control nodes was wide (5-2—38-2% for the €D4
infected patients. A significant proportion of the CD¥ cells in subset, and 5-4-45-6% for the CD8ubset).
the lymph nodes and peripheral blood obtained from HIV-1- In contrast to the control subjects, there was an increased
infected individuals showed markers of activation as determinecproportion of CD4 CD45R0O" and CD8 CD45RCO" lymphocytes
by CD38 and HLA-DR (data not shown). The apparent decrease iim both the lymph nodes and the corresponding peripheral blood
the proportion of CD19 B lymphocytes in the HIV-infected samples of patients infected with HIV-1 (Fig. 2). There was also
lymph nodes was not statistically significant. The proportion of
NK cells in the nodes was similar in HIV-1-infected and control
subjects, although this level was consistently lower than that in theranle 3. The subpopulations of lymphocytes in lymph nodes and periph-
corresponding peripheral blood samples (Table 3). eral blood in the lymphocyte gate (mears.e.m.)

Control subjects HIV-1 infected patients

Cell source (r=9) (n=11)
Table 2. The proportion of T cells (CDB), B cells (CD19) and mono-  Lymph node
cytes (CD14) in lymph node and peripheral blood samples from patients CD3" 79-9+2.8 70-8+ 3-2
with HIV-1 and control subjects (means.e.m.) CD3"CD4" 68-6+ 32 28:3t4-4
CcD3"CcDs" 8:5+0:9 387+ 2.3
CD19" 15-3+1-2 13-3+1-3
Control subjects HIV-1-infected patients CD3 CD56" 1.0+0-2 2:2£0-4
Cell source (n=9) (n=11) CD8"CD56" 0-3=0-1 1-1x0-3
CD4/CD8 ratio 8:5-1.5 0-7-0-1
Lymph node Peripheral blood
CD3" 77-2+1-9 67-1+ 3-2 CD3" 756+ 0-7 77-0-2-9
CD19" 17-7+=0-7 13- 7#0-8 CD3"CD4" 45.5+ 1.3 20- 728
CcD14+ 2:9+0-6 12.5-2-0 CcD3"CD8" 21-0+1-1 52.9+ 3.2
Peripheral blood CD19" 10-2+0-8 7-5-0-8
CD3" 25-6x 1.2 28:2+2-7 CD3 CD56" 10-6*+1-3 5710
CD19" 9-4+ 1.0 6-3+1-8 CD8"CD56" 3:4+0-3 2:4+0-5
CD14+ 8:4+0-5 13-5-0-9 CD4/CD8 ratio 2:40-2 0-4-0-1
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a significantly lower proportion of naive @0-01), and a
significantly higher proportion of memory @0-001) CD4
lymphocytes in HIV lymph nodes. For the CD&ubset, although
the increase in the proportion of memory lymphocytes wasFig. 3. The mean- s.e.m. proportion of T lymphocytes expressing leuco-
significant in HIV lymph nodes (R0-005), the trend towards cyte adhesion molecules in lymph nodes and peripheral blood obtained

decreased naive CD8lymphocytes did not reach statistical from patients infected with HIV-1 (&:5) and control subjects ¢ 10).
significance. VLA-4, Very late antigen-4; ICAM-1, intercellular adhesion molecule-1;

LFA-1, leucocyte function-associated antigen-1.

Percntage of CD8* T cells (mean + s.e.m.)

The expression of adhesion molecules on €RaAd CD8"

lymphocyte subsets is altered during HIV-1 infection node lymphocytes (Fig. 3; £0-001). Expression of VLA-4 by

The expression af-selectin was lower in both CD4and CD8 T CD4" lymphocytes derived from HIV-1-infected lymph nodes was

lymphocyte subsets in control lymph nodes compared with thenigher than the level found in control subjects (Fig. 3).

corresponding peripheral blood (Fig. 3;<B-001). The most As expected, the mean expression of Mac-1 wa% on CD4"

striking finding, however, was the significant down-regulation in and CD8 lymphocyte subsets both in peripheral blood and lymph

the expression of-selectin on both CD#4 and CD8 T lympho- nodes obtained from control subjects (Fig. 3). The range of Mac-1

cytes from HIV-1-infected lymph nodes compared with either theexpression in HIV-1-infected lymph node and peripheral blood,

corresponding peripheral blood, or the levels detected in controparticularly in CD4 T lymphocytes, however, was more varied

lymph nodes (Fig. 3; R0-005 for each). (Fig. 3). The expression of ICAM-1 by CD4and CD8 lympho-
Over 95% of T lymphocytes in the peripheral blood and lymph cytes obtained from control peripheral blood and lymph nodes was

nodes of control subjects expressed LFA-1 (Fig. 3). Similarly, in<5% (Fig. 3).

patients with HIV-1 infection the mean expression of LFA-1on T

lymphocytes remained consistently high (Fig. 3). By contrast, theAdherence of PBL and LNL to fibronectin, rhiICAM-1 and

expression of VLA-4 on both CD4and CD8 T lymphocyte  rhVCAM-1 is increased in HIV-1 infection

subsets in the peripheral blood obtained from control subjects wakNL and PBL from four HIV-1-infected donors and four control

significantly higher than that observed in the corresponding lymptsubjects were available for the adhesion assays. HIV LNL showed
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60 blood indicate that age has little [26] or no effect [27] on the
percentages and absolute counts of lymphocyte subsets and mono-
o VR cytes. There are no reported data on the effect of ageing on the
50 . Acontrol LNL proportions of T cell subsets in human lymph nodes.
- o control PBL In this study, we have confirmed that T cells represent
.g a0 F ¢ s b4 approx.80% of lymph node lymphocytes in healthy subjects
2 o " [20,21,24,25]. Of these, approx. 70% are CD#® lymphocytes,
2 . - .4 as has been demonstrated in a previous study of non-cadaveric
230 o . A . [21], and cadaveric lymph nodes [24,25]. The proportion of €D8
3 ' 4 = A lymphocytes found here was approx. 10% lower than in all four
§ 20 A © . published reports [20,21,24,25]. Such variance may be related to
d'hf R A 8 a8 the specific location of the nodes studied, the status of nodal
o reactivity at the time of harvest, the technique used to make the
10 | ° ° lymphocyte suspensions, as well as the methods of staining and
analysis. The proportions of CD3CD4", CD8", CD19", CD56"
lymphocytes in the peripheral blood of control subjects reported
0 here correspond closely to the normal ranges established in other
Fibronectin ICAM-1 VCAM-1 laboratories [28_31]

Fig. 4. Scatter diagram showing the level of adhesion to fibronectin, rh  Although lymph node sampling can only provide a single
intercellular adhesion molecule-1 (ICAM-1) or rh vascular cell adhesion‘snap-shot’ of the dynamic trafficking and proliferation events in
molecule-1 (VCAM-1) by lymph node-derived lymphocytes (LNL) and human lymph nodes, our data allow a direct comparison of the
peripheral blood lymphocytes (PBL) obtained from individual HIV-1- lymphocyte subpopulations in peripheral blood and lymph node in
infected patients and control subjects=(d). Each point represents the eaithy subjects (Table 3). The differentials found here highlight
mean of triplicate samples and the horizontal bars represent the meg, oictance of active mechanisms to regulate accumulation of
values for each group. The differences among the triplicate wells of each
sample were< + 5%, some lymphocyte s_ubsets (notably CD# cells), and not others
(notably NK cells), in lymph nodes.

We have demonstrated a progressive depletion of Card
significantly higher adherence to fibronectin{®:-02), rhICAM-1 ~ CD19" lymphocytes in both lymph node and peripheral blood
(P<0-02) and rhVCAM-1 (R 0-02) when compared with control samples of HIV-1-infected patients corresponding to the clinical
LNL (Fig. 4). Although HIV LNL were consistently more adherent and histopathological stages of disease (Table 1). By contrast, there
to fibronectin and rhICAM-1 than the corresponding HIV PBL in was prominent expansion of CD8ymphocytes in all nodes, as
all four patients (Fig. 4), the differences in adherence were nohas been reported in previous immunohistochemical studies
statistically significant. LNL from control nodes were not signifi- [18,32,33]. The persistently high levels of CD8mphocytes in
cantly more adherent to these substrates than the corresponditige peripheral blood may have contributed to the accumulation of
control PBL (Fig. 4). By contrast, the adhesion of LNL to this lymphocyte subset in the lymph nodes. However, the absence
rhVCAM-1 was significantly higher (R0-02) than corresponding of a shift in the relative proportion of this subset (in comparison
PBL in both HIV-1-infected patients and control subjects. with CD4" lymphocytes) in blood and lymph node suggests an
expansion of the CD8subset in both compartments, presumably
due to proliferation. In contrast to control subjects, the majority of
CD8" T cells (-90%) in the peripheral blood and lymph nodes
These data provide the first sound reference values for comparativebtained from HIV-1-infected individuals were highly activated
analysis of lymphocyte phenotypes in human cervical lymph node¢CD38 and HLA-DR"). The higher proportion of CD14 cells
and corresponding peripheral blood samples, including in patientsbserved in HIV-1-infected lymph nodes might not be attributable
with HIV-1. Previous studies have attempted to document theonly to HIV-1 infection, but may be due to the presence of
distribution of lymphocyte subpopulations in lymph nodes usingconcomitant infections or due to the relative decrease of T cell
rosette formation [19], indirect immunofluorescence [20—23], andpopulations in HIV-infected lymph nodes.
flow cytometric techniques [24,25]. However, little attention was  As expected, the majority of CD4and CD8 lymphocytes in
paid in these studies to the anatomical location of the nodes, or toontrol lymph nodes express CD45RA, a marker for naive pheno-
the peri-mortem changes in nodes collected from cadaversype (Fig. 2; [34-37]), consistent with the notion of preferential
[19,21,22,24,25]. To address these variables, the control dataoming of naive lymphocytes into lymph nodes [35]. When
presented in this study were derived from the examination ofcompared with the corresponding populations in the control
cervical nodes collected from living, essentially healthy subjectslymph nodes, there were higher proportions of memory €34
Furthermore, the use of three-colour flow cytometry, directly lymphocytes in the blood than in the node, but there was no
conjugated antibodies, as well as controls that included isotypsignificant difference between blood and lymph node for the
negative control antibodies and leucogate, allowed accurate idememory and naive subsets of CD8& lymphocytes. This finding
tification of lymphocyte subpopulations. supports the evidence for an extranodal migration pathway of

The mean age of 62 years in the control subjects was significD4" memory lymphocytes [35,38] in the physiological state.
cantly higher than that of the patients. This age difference might In HIV-1-infected subjects, the proportion of Cb4nd CD8
have contributed to the differences in the T cell populationsT lymphocytes bearing the CD45RO(memory) marker was
observed between the groups. However, several reports on thggnificantly higher than those of the control subjects, both in
effects of ageing on the proportions of T cells in the peripherallymph nodes and peripheral blood (Fig. 2). This accumulation of

DISCUSSION
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memory lymphocytes in HIV-1-infected nodes could be explained  through lymph nodes and skin following antigen challenge. Eur J
by chemokine-mediated recruitment of these cells into HIV-1-  Immunol 1992;22:2205~10. ‘ ‘ o
infected lymph nodes [39], or by activation insitu leading to 6 Christensen JP, Andersson C, ScheyniugtAal «4 integrin directs
conversion of naive cells to the memory phenotype. virus-activated CD& T cells to sites of infection. J Immunol 1995;
; . 1545293-301.
Cornparlspn of the adhesion molecule phenotype of Iympho Andersson EC, Christensen P, Markeet@l. Changes in cell adhesion
cytes in peripheral blood and lymph node of control subjects

S : . molecule expression on T cells associated with systemic virus infection.
revealed a significant down-regulation vkelectin and VLA-4, JImmunol 1994152123745,

but not LFA-1 expression (Fig. 3). There was an even more markedg oy S, Hyland L, Bradley LMt al. Subverting lymph node trafficking
down-regulation of L-selectin expression on T lymphocytes by treatment with the Mel-14 MoAb to-selectin does not prevent an
obtained from HIV-1-infected human lymph nodesselectin is effective host response to Sendai virus. J Immunol 1985,252-8.
known to be shed upon binding and transmigration of lymphocyte 9 Pals ST, DenOtter A, Miedema Et al. Evidence that leucocyte
subpopulations across the specialized high endothelial venules function-associated antigen-1 is involved in recirculation and homing
(HEV) of peripheral lymph nodes [40]. Furthermore, VLA-4 of lymphocytes via high endothelial venules. J Immunol 1988;
expression was mildly increased on T lymphocytes in HIV-1- 1401851-3. . . .
infected lymph nodes in comparison with control lymph nodes, 10 Hamann A, Jablonski-Westrich D, Scholz Kaf al. Regulation of

e . . - . lymphocyte homing. I. Alterations in homing receptor expression and
;;ng'gg;?gsls also consistent with a phenotype of migrating T organ-specific high endothelial venule binding of lymphocytes upon

. . activation. J Immunol 198840737-43.
Lymphocytes derived from HIV-1-infected lymph nodes 11 pantaleo G, Graziosi C, Demarest JF. HIV infection is active and

showed a significantly higher adhesive capacity than lymphocytes progressive in lymphoid tissue during the clinically latent stage of
obtained from the lymph nodes of control subjects, despite the disease. Nature 199362355-8.

absence of substantially increased expression of adhesion molé2 Blattner W, Gallo RC, Temin HM. HIV causes AIDS. Science 1988;
cules on HIV-1 LNL (Fig. 4). Furthermore, PBL obtained from  241515-6.

both HIV-1-infected patients and control subjects showed a trend3 Emberston J, Zupancic M, Ribas L. Massive_ covert_infectio_n of hel_perT
towards decreased adhesive capacity to fibronectin, rhiiCAM-1 and 'Ymphocytes and macrophages by HIV during the incubation period of
rhVCAM-1 when compared with the corresponding LNL, despite 14 l’i‘lDi' NﬁtﬂreI\jQQESQZSSgEGZL. JA A vated CBST cell
higher levels of VLA-4 expression and similar levels of LFA-1 anday AL, Mackewicz CE, Levy JA. An activated CDST ce

. N . . phenotype correlates with anti-HIV activity and asymptomatic clinical
expression. These findings suggest that qualitative changes in the gi.¢.s "Clin Immunol Immunopathol 19989:106—16.

affinity status of the integrin molecules are more important thams schnizlein CT, Kosco MH, Szakal A&t al. Follicular dendritic cells in
quantitative changes in expression. Affinity modulation of both  suspension: identification, enrichment, and initial characterization indi-
LFA-1 and VLA-4 is thought to be the dominant mode of cating immune complex trapping and lack of adherence and phagocytic
regulation of the adhesion properties of T lymphocytes [16,41]. activity. J Immunol 1985134:1360-8.

Alternatively, adhesion molecules other than those studied heré6 Lloyd AR, Oppenheim JJ, Kelvin Det al. Chemokines regulate T cell
may be involved in these interactions. Based on these observations, adhe_rence to recombinant adhesion molecules and extracellular matrix
we suggest that in HIV LNL, altered expression of adhesion _ Proteins. J Immunol 1996,56932-8.

molecules and enhanced adhesive phenotype may facilitate ]a7 Gamble JR, Vadas MA. A new assay for the measurement of the

. . s . attachment of neutrophils and other cell types to endothelial cells. J
substantially increased trafficking of T lymphocytes into lymph Immunol Methods 198810917584

nodgs in HIV disease. Regulation of this lymphocyte trafflg may g Brynes RK, Gill PS. Clinical characteristics, immunologic abnormal-

provide a useful target to abrogate CD4 T lymphocyte recruitment  jties, and hematopathology of HIV infection. In: Vijay VJ, ed. Pathol-

(and minimize viral propagation), as well as to enhance trafficking  ogy of AIDS and other manifestations of HIV infection. New York:

of CD8" T lymphocytes and promote anti-viral activities. Igaku-Shoin, 1990:21-41.

19 Ermin O, Plumb D, Coombs RA. T and B lymphocyte populations in
human normal lymph nodes. Int Arch Allergy Appl Immunol 1976;
52:277-90.

20 Black RB, Leong AS, Crowed Pét al. Lymphocyte subpopulations in

human lymph nodes: a normal range. Lymphol 19B886—90.

Lindelman C, Mellstedt H, Biverfeld P. Blood and lymph node T-

lymphocyte subsets in non-Hodgkin lymphomas. Scand J Haematol

1983;30:68—78.

22 Verma RC, Balakrishmas K, Vasudevan DM. Lymphocytes bearing
immunoglobulin determinants in normal human lymph nodes and in
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