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Altered T cell subpopulations and 
lymphocytes expressing natural killer cell 
phenotypes in patients with progressive 
systemic sclerosis 
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Scleroderma (progressive systemic sclerosis [PSS]) is known to be associated with abnormal T 
cell immunoregulation. In the present study, we evaluated lymphocyte phenotypes in patients 
with PSS and normal control subjects by j?ow cytometry and monoclonal antibodies for total T 
(CD3), T suppressor (CD8), T helper (CD4), T helper-inducer (CDw29), T suppressor-inducer 
(CD45R), human leukocyte antigen, DR’B (CD19), DR’T, and natural killer subsets, HNK-I 
(CD57) and NKH-1 (CD56) cells. Patients with PSS compared to normal subjects had 
significantly lower percentages of CD3’ (p < 0.005) and CD8’ (p < 0.05) (similar to several 
patients with rheumatoid arthritis also evaluated), as well as CD45R (p < 0.05), T’DR’ 
(p < 0.05), and NKH-I (CD56) (p < 0.0005) cells. Patients with PSS with late-limited or 
generalized disease had lower percentages of CDS’, CD19, NKH-I + , and CDw29, but higher 
percentages of CD4’. HNK-1, and CD45R cells compared to patients with early stage disease, 
but these results were not statistically signtficant. These unique alterations in patients with PSS 
may prove to be useful in monitoring the stage of disease activity for therapy and further define 
immunologic defects. (J ALLERGY CLIN IMMUNOL 1991:87:773-9.) 
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Abbreviations used 
Ia: Immune response gene-associated 

PSS: Progressive systemic sclerosis 
NK: Natural killer 
RA: Rheumatoid arthritis 

CREST: Calcinosis, Raynaud’s phenomenon, 
esophageal involvement, sclerodactyly, 
and telangiectasia 

HBSS: Hanks’ balanced salt solution 
FITC: Fluorescein isothiocyanate 
MAb: Monoclonal antibody 

PBMC: Peripheral blood mononuclear cell 
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TABLE 1. Patient population 

PSS 

CREST Early Late 
(N = 7) (N = 12) (N = 5) 

Sex (M/F) l/6 418 114 
Mean (range) age (yr) 19-61 20-69 40-66 

Organ involvement* (%) 
Skin? 100 (7) 83 (IO) 80 (4) 
Esophagus 100 (7) 42 (5) 80 (4) 
Lung 57 (4) 42 (5) 60 (3) 
Heart 14 (1) 8 (I) 20 (1) 
Gastrointestinal 14 (1) 0 (0) 20 (1) 

*Percent of patients with organ involvement: number of patients in 
parentheses. 

tSclerodactyly exclusive of Raynaud’s phenomenon. 

PSS, or scleroderma, is a clinically variable dis- 
ease of the connective tissue characterized by cuta- 
neous edema and inflammation with a predominant 
T-lymphocyte-mononuclear infiltrate’ and excess col- 
lagen deposition that can progress to major organ scle- 
rosis . 

T cells involved in cellular immune reactions en- 
compass an array of subsets that mediate a variety 
of immunoregulatory functions.‘. ’ They are directly 
involved in the production of cytokines, such as in- 
terleukins,4 which are signals for clonal expansion 
of T helper cells (CD4’), T suppressor cells (CD8’), 
the more recently identified T helper-inducer cells, 
CD4’4B4’ (CDw29), and T suppressor-inducer 
cells, CD4’2H4’ (CD45R*), and NK cells. NK cells 
are heterogeneous and include HNK-1 (CD57) cells 
identified as medium to large lymphocytes with azur- 
ophilic granules, NKH-1 (CD56) cells capable of sup- 
pressor and nonmajor histocompatibility complex cy- 
totoxic activity in some immune responses, and CD8 + 
human large granular lymphocytes.5 An elevation in 
the number of peripheral blood T cells bearing Ia 
antigens has been described in patients with auto- 
immune diseases6 that may indicate a selective acti- 
vation of the immune system. In addition to acti- 
vated T-lymphocytes, antigen-presenting cells and B- 
lymphocytes express Ia antigens. Antigen presentation 
by Ia’ B cells can allow for interaction and subsequent 
activation of CD4 cells.’ 

Earlier studies of patients with PSS used Fc recep- 
tors for IgG and IgM to identify T-y (suppressor) and 
T-p, (helper) cells, respectively, and produced con- 
flicting results.‘, 9 Gupta et al.’ demonstrated an in- 
crease in T-y (suppressor) cells but a decrease in 
T-p. (helper) cells, whereas Inoshita et al.’ reported a 

reduction in T-y cells. More recent studies of patients 
with PSS used a limited panel of MAbs and reported 
decreased percentages of CD8 cells and increased 
CD4/CD8.‘“, ” In this study, we evaluated Iympho- 
cyte phenotypes from patients with PSS and KA h! 
flow cytometry with a broad panel of MAba thai 
included the more recently developed am-CDw3 
(4B4+, T helper-inducer cell) and anti-CD4SK (21-13 

T suppressor-inducer cell). ah well at II.4h\ III! 
DR’T and DR’B cells and two NK ~bsct~. IiNK- 

1 (CD57) and NKH-1 (CD%). 

MATERIAL AND METHODS 
Patient and control population 

Twenty-four patients with PSS and I I with KA. as dc 
fined according to the criteria tram the American Khcu- 
matism Association.!‘, ” were referred by bt)ard-c&tied 
rheumatologists for inclusion in this study. The protocol 
was approved by the Nassau County Medical (‘cntcr and 
Long Island College Hospital Institutional Kcvicw Board 
Informed consent was obtained from all sub,jcct\. The dc- 
mographics of the population arc prcsenled in ‘fithlc I. The 
24 patients with PSS included IX female and \I\ malt pa- 
tients, age range from 19 to 69 years. The \pcctrum oi 
disease ranged from early discasc. including PSS with the 
CREST variant or overlap syndrome. including mixed COW 
nective tissue disease to late dift’usc disease with multiple 
organ involvement. 

Patients withearly disease wcrc divided into patients with 
limited disease, less than 3 years of duration. and modcratr 
or diffuse disease affecting the f‘acc. trunk. and proximal 
and distal portions of the extremities. Patient, with late 
disease more than 5 years of duration with progrcs\ivc s?\- 
temic organ involvement were classified ah having Iatc- 
limited or late-generalized discasc. Seven patients had the 
CREST variant or overlap syndrome. nine had early limited 
disease, three had early modcratc or diffuse disease. and 
five patients had late-limited or generalized discasc. One 
hundred percent of patients with CREST had skin and esoph- 
ageal involvement with less involvement of other organs. 
Patients with late-stage disease had incrcascd Involvement 
of the lung, heart, and gastrointestinal tract. Pulmonar) 
abnormalities included decreased diffusion capacity. pul- 
monary fibrosis. recurrent pneumonia. restrictive lung di\- 
ease, or granulomatous disease. Cardiac involvcmcnt toll- 
sisted of congestive heart failure. aortic insufliclcncy, and 
fibrocalcification. One patient with CREST had hiatal hct- 
nia, and one patient with late-phase disease had colomc 
sclerosis. No patient with PSS had renal involvcmcnt. 
Twenty patients were receiving medication\. including 
40 mg/day of prednisone (one patient with late-stage dih 
ease), nonsteroidal anti-inflammatory drugs I live patienrs 
with early stage disease), H, antagonists (three with carl) 
and three with late-stage disease). penicillamine (one with 
early and one with late-stage disease). colchicinc ~threc with 
early-stage disease), and antihyperfensivc therapy (seven 
patients with early and one with late-stage disease). For 
comparison, I I patients with RA were evaluated. Patients 



VOLUME 87 
NUMBER 4 

Altered phenotypes in scleroderma 775 

ranged in age from 56 to 75 years (stage I to III) and included 
IO female and one male patient. Two female patients had 
hypothyroidism, and one male patient had type II diabetes. 
None were receiving immunosuppressive therapy or corti- 
costeroids. Age- and sex-matched healthy donors from the 
Nassau County Medical Center Blood Bank served as con- 
trol subjects for all studies. 

Separation of lymphocytes 

PBMCs were isolated from heparinized blood by standard 
Ficoll-Hypaque gradient centrifugation.” Briefly, 3 ml of 
whole blood was mixed with 3 ml of HBSS, layered onto 
5 ml of Ficoll-Paque (Pharmacia-LKB Biotechnology, Inc., 
Piscataway. N.J.), and centrifuged at 400 g for 40 minutes 
at room temperature. The layer of PBMCs was transferred 
to another tube and washed two times with HBSS. Cells 
were counted and viability was assessed by trypan blue dye 
exclusion. The cell concentration was adjusted to 1 x IO’ 
cells per milliliter before staining. 

Staining and cell analysis 

Washed cells (5 X IO’) in 50 ~1 of HBSS were incubated 
on ice in the dark for 30 minutes with saturated amounts 
of fluorescein and phycoerythrin-conjugated MAbs: Leu- 
3a FITCiLeu-2a PE (CD4iCD8). Leu-4 FITC/Leu-I2 PE 
(CD3/CDl9), Leu-4 FITC (CD3) HLA DR PE, Leu-7 
FITC (CD57), Leu-19 (CD56) goat antimouse immuno- 
globulin FITC (Becton Dickinson Immunocytometry Sys- 
tem, San Jose, Calif.), and T4 FITCI4B4 RDI (CDw29’) 
and T4 FITC/2H4 RDI (CD45R’) (Coulter Immunology, 
Hialeah, Fla.). CD56 was stained by an indirect method 
with goat antimouse immunoglobulin FITC as a second-step 
reagent. The 4B4 RDl (CDw29’) and 2H4 RDI (CD45R’) 
reagents were always in conjunction with T4 FITC and 
quantitated as double positives by dual parameter-correlated 
analysis. Cells were washed twice with phosphate-buffered 
saline containing 0.1% sodium azide. Stained cells were 
fixed in 100 p,l of 1% paraformaldehyde and stored on ice 
until analysis. Is 

Flow cytometric analysis of cells was performed within 
24 hours of collection with the fluorescence-activated 
cell sorter analyzer (Becton Dickinson) connected to 
a Consort 30 data-management system. Approximately 
10,000 cells were analyzed by dual color analysis for each 
pair of MAbs with appropriate instrument calibration and 
controls. 

Statistics 

Statistical analysis of the differences between groups was 
determined by the Student’s t test; p values CO.05 were 
considered significant. 

RESULTS 
Phenotypes of lymphocytes from patients 
with PSS 

Lymphocyte cell-surface markers in patients with 
PSS and normal control subjects are summarized in 
Tables IIA and IIB. 

Patients with PSS had significantly decreased per- 
centages of CD3 (total T cells), CD8 (suppressor 
T cells), T+DR+, CD56 (NKH-I), and CD45R 
(suppressor-inducer T cells) cells compared to that 
of control subjects (Table IIA). In contrast, patients 
with PSS had significantly increased percentages of 
CD4’, CD1 9, and CD57 (HNK- 1) cells and ratios 
of CD4/CD8 cells. Results comparing p values for 
percentages and absolute cell numbers for CD8, 
T’DR’, B+DR+ (CD19), HNK-I (CD57), and 
NKH- 1 (CD56) did not differ statistically (Tables IIA 
and IIB). However, absolute numbers. but not per- 
centages of CDw29 cells from patients with PSS, were 
significantly depressed compared to that of control 
subjects (p < 0.025), whereas the percentage, but 
not absolute values, for CD45R was significantly de- 
pressed (Tables IIA and IIB). Although loss of certain 
cell subpopulations can occur with Ficoll-Hypaque 
separation, we believe the supporting literature con- 
firms our findings. 

When patients with PSS were grouped into early 
(including the CREST) and late-stage disease and 
compared against each other, the latter demonstrated 
lower percentages of CD8 + , CD19, CD56, and 
CDw29 (4B4) cells (Table III). In contrast, patients 
with late-stage disease tended to have elevated per- 
centages of CD4’ and CD45R (2H4) phenotypes com- 
pared to patients with early stage disease. The num- 
ber of patients with late-stage disease for T’DR’, 
CD19+, and HNK-1 cells was one less compared 
to Table IIA because of insufficient cell numbers. An 
additional patient with late-stage disease not ana- 
lyzed in Table IIA was added for CD4/CDw29+ and 
CD4/CD45R+ cells in Table III. None of these com- 
parisons were statistically significant in the small pop- 
ulation evaluated. 

Phenotypes of lymphocytes from patients 
with RA 

Lymphocytes from patients with RA were evaluated 
with the same panel of MAbs used to study patients 
with PSS. Results for the group with RA as a whole, 
as well as results grouped by stages, were compared 
with normal control subjects (Table IV). Similar 
to patients with PSS, the percentage of CD3’ and 
CD8’ ceils was significantly lower in patients with 
RA as a group compared to that of a normal group 
(p < 0.05). However, in contrast to results in patients 
with PSS (Table IIA), patients with RA as a group 
had significantly elevated HNK-I+ cells and espe- 
cially at the earlier stage of disease (Table IV). Al- 
though the percentage of CD4+, T+DR’, CW45R’ 
(2H4) tended to increase with disease progression, this 
was not statistically significant compared to that of 
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TABLE IIA. Phenotypes of lymphocytes in PBMCs from patients with PSS and normal 
control subjects 

Control 
No. of patients subjects 

Phenotype with PSSIC PSS (%I* (%I* 

CD3 + 17.; 15 63.3 + 3.3 73.0 1’. 1.6 
CDS‘ 24’20 19.6 2 2.1 30.1 ? 1.8 
CD4. 24 / 20 47.6 i 2.0 42.6 t I.8 
CD4iCD8 24 120 3.1 t 0.3 1.5 z 0.1 
T’DR’ 15: 15 4.0 t 0.4 6.2 f I.1 
B’DR’ (CD19’) 151 I5 Il.0 ‘-+ I.6 x.4 e 0.7 
CD57 + (HNK- I ) 14i IS IO.5 i I .5 5.7 ” 0.5 
CD% (NKH-I) 8/20 9.5 1 1.5 21.0 ? ?.I 
CD4 iCDw29‘ 8120 21.0 L I.3 25.8 I 1.x 
CD4 + iCD45R 716 5.7 I- 0.x 7.0 + 0.2 

..-- 
*Values are the mean 2 SE. 
‘ip Values by Student’s t test. 

TABLE HB. Phenotypes of lymphocytes in PBMCs from patients with PSS and normal 
control subjects 

Control 
No. of patients PSS subjects 

Phenotype with PSSlC (Abs. No.)* (Abs. No.)* 

CD3 + 7117 1209 t 119 I170 + 108 
CD8- 13/20 412 2 32 570 t 54 
CD4- 13120 841 r!z 86 850 t 45 
CD4iCD8 13120 2.6 t 0.4 I.6 2 0.13 
T’DR’ 717 122 i 29 110 t 25 
B’DR’ (CD19‘) 711 210 2 27 124 i I7 
CD57- (HNK-I) 717 241 I 63 I48 * IS 
CD56’ (NKH- 1) 619 179 2 46 424 k 50 
CD4- iCDw29- 6113 382 t 31 84X + 98 
CD4’ iCD45R’ 6110 176 -e 36 I49 i 21 

Abs, Values are the absolute mean number i_ standard error per cubic millimeter. 
*Values are the mean 2 SE. 
tp Values by Student’s t test. 

-- 

Pt 

0.25 
0.025 
0.25 
0.01 
0.25 
0.05 
0.025 
0.0025 
0.025 
0.25 

the control subjects (p < 0.1) for the small samples 
studied. 

DiSCtJSSION 

Abnormalities in the immune response have been 
suspected in the pathogenesis of PSS because of the 
presence of autoantibodies,’ decreased percentage of 
CD8 with increased CD4 activity,” altered cytokine 
production, and clinical and laboratory evidence of 
overlap with other autoimmune diseases. is, I9 

In this study we used an expanded panel of MAbs 
to identify the percentage according to disease stage 
and absolute numbers of lymphocyte phenotypes in 
patients with PSS. In addition to the standard T cell 
MAbs for CD3, CD4, and CD8 cells, we included 

MAbs for DR’ T and B cells, two distinct NK phe- 
notypes, HNK- 1 and NKH- 1, and for CDw29 (helper- 
inducer T cell) and CD45R (suppressor-inducer T cell) 
phenotypes. We not only confirmed that the percent- 
age of CD8 cells are decreased in patients with PSS 
(Table ll), as reported earlier,*” but also, in addition, 
demonstrated with recently developed MAbs that sub- 
divide T cell phenotypes into CD45R (2H4 +, naive, 
and suppressor-inducer T cells) and CDw29 (4B4’ 
memory, and helper-inducer T cells)20 that the per- 
centage of CD45R and absolute number of CDw29 
cells were significantly decreased in patients with PSS 
(Tables IIA and ILB). 

The decreased percentage of DR’ T cells and in- 
creased percentages of DR’ B cells (Table II) is of 
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TABLE III. Lymphocyte phenotypes from patients with early versus late-stage PSS 

Stage 

Early Late 

Phenotype No. of patients (%I* No. of patients (%I” 

CDS- 19 21.3 t 2.9 5 15.8 it 2.4 
CD4’ I7 45.1 t 2.5 7 51.8 + 4.0 
T*DR+ 10 4.1 c 1.3 4t 4.0 k 0.4 
B’DR’ (CDi9’) 10 11.8 i 2.3 41- 9.4 -’ 2.4 
CD57’ (HNK-I) 10 9.6 + 1.7 3t IO.1 _c 1.2 
CD56’ (NKH-I) 5 9.7 x!I 1.2 3 7.6 t 2.8 
CD4’/CDw29+ 6 21.3 I 2.4 3f 16.0 r 3.5 
CD4- iCD45R’ 5 5.2 2 0.4 33: 10.6 -+ 3.6 

p < 0.1 for all results by Student’s t test. 
*Values are the mean I?I SE. 
+Number was one less compared to Table IIA. 
PNumber was one more compared to Table IIA. 

TABLE IV. Lymphocyte phenotypes from patients with RA and normal control subjects 

Phenotype 

CD3 + 
CD8 + 
CD4’ 
T’DR’ 
CD19” 
CD4’/CD45R 
CD57’ (HNK-1) 

*p < 0.05 

Total (%) 

Control subjects With RA 
(N = 61 iN = 11) 

73.1 2 2.2 64.1 i 2.9* 
31.4 32 2.5 21.0 t 2.6* 
42.6 2 2.4 45.1 rt 4.2 
5.9 A 1.2 6.0 r~ 1.6 
6.4 k 0.7 8.8 t 1.8 
7.0 t 0.2 8.6 rt 1.9 
6.2 r 2.0 9.5 rt 3.0 

Stage 1%) 

I Early II Moderate 
(N = 2) (N = 3) 

- 63.0 _t 3.0 
27.5 + 6.0 19.7 If: 2.1 
30.9 t 0.5 42.0 2 5.6 

4.1 ? 1.1 
- 5.5 1 0.5 
4.5 - 

24.8 10.5 _’ 5.2 

II1 Late 
IN = 6) 

64.8 r 4.9 
24.4 t 3.2 
52.5 _c 4.3 
7.3 it 2.4 

10.9 +- 2.2 
10.0 +- 2.0 
9.3 k 2.3 

interest in view of studies in patients with systemic 
lupus erythematosus revealing decreased percentages 
of DR’ T cells.” Perhaps activated autologous-mixed 
lymphocyte reactions may allow T cell producing 
cytokines to induce differentiation of autoantigen- 
activated B cells. ** 

When patients with PSS were grouped according 
to their disease stage, patients with late-stage disease 
tended to have fewer percentages of CDX, CDf9, 
NKH- 1~ and CDw29 cells compared to that of patients 
with early stage disease (Table III), although these 
results were not significant for the small group studied. 
In contrast, patients with early stage disease tended 
to have a decrease in their CD45R cells (Table III). 

RA is a multisystemic, inflammatory disease as- 
sociated with excessive production of autoantibod- 
ies resulting from abnormal immunoregulato~ T cell 
function and B cell hyperactivity.~3 We demons~ated 
that patients with RA as a group, like patients with 

PSS, had significantly depressed percentages of CD8 
cells compared to that of normal subjects but signif- 
icantly elevated HNK-1 cells, especially in the early 
stage of the disease (Table IV). A trend toward ele- 
vated percentages of CD4, T’DR’ , and CD45R cells 
was also noted with later stages of the disease. Some 
authors have reported a relative depletion of CD8’ 
cells in association with RA disease activity and im- 
mune complex fo~ation~4 or in vivo activation of Ia 
bearing T cells.” Goto et a1.26 demonstrated a marked 
decrease in CD8’ /Leu- 15 + (“suppressor T cells”) 
cells in the peripheral blood of patients with active 
RA. In our patients with early stage RA, we confirmed 
the results of Emery et al.” who reported that the 
CIX+/CD45R subpopulation in patients with RA is 
depleted. 

T cells that express the CD4 antigen tend to induce 
or amplify other cells, such as B cells, CD&+ sup- 
pressor T cells, and NK cells.23 We have confirmed 
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a decrease in CD8 cells in patients with PSS (Table 
II) and RA (Table IV),” which is most dramatic in 
patients with PSS in the late-stage disease (Table III). 
Some investigators have postulated that the loss of 
CD8.’ cells in PSS might be due to lymphocytotoxic 
antibodies or antilymphocyte antibody-blocking de- 
terminants. “’ 

NK activity has been reported to be impaired in 
patients with PSS with extensive visceral disease and 
normal in those patients with mild PSS.” but the per- 
centages of HNK-1 were found to be reduced only 
in early diffuse disease.“’ In our study we used two 
phenotypic markers, HNK-I (large granular lym- 
phocytes)~~ and NKH- 1 (suppressor-cytotoxic cells) 
that define different cell populations and found both 
the percentage and absolute number of HNK-1 cells 
were significantly elevated in patients with PSS (J) < 
0.025). but NKH-1 cells were significantly decreased 
compared to that of control subjects (p < 0.0005 to 
< 0.0025) both in early and late stages (Tables 11 and 
111). We believe that the NKH-I phenotypic data are 
more meaningful, since the MAb is produced against 
an interleukin-2-dependent, cloned NK cell line. 

The T cell subsets identified by CDw29 antibod- 
ies (4B4, memory, and helper-inducer T cells) and 
CD45R (2H4. naive. and suppressor-inducer T cells) 
are assuming increasing importance in clinical med- 
icine.“’ CDw29 molecules are apparently part of a 
viruslike agent family of adhesion molecules, and ac- 
tivation of CDw29 cells leads to secretion of large 
amounts of interferon and interIeukin-~.~I’, “. ” The 
CDw29 subset proliferates poorly on stimulation with 
concanavalin A and autologous cell antigens (autol- 
ogous mixed lymphocyte reaction) but well on ex- 
posure to soluble antigens, and it provides a good 
helper signal for pokeweed mitogen-induced immu- 
noglobu~in synthesis.’ Cells with high-density CDw29 
antigen are the principal cell type found in normal 
subjects in gut mucosa, skin. and on lung epithelial 
surfaces”“” and are considered to be memory cells at 
sites of exogenous antigen exposure and/or homing 
to areas required for host defense.“’ 

The CD45R subset has been demonstrated to piay 
a crucial role in the activation of CD8’ suppressor 
cells that can lead to suppression of B cell immuno- 
globulin synthesis.3s Perhaps the decreased CD45R 
is implicated in NK function and cell-mediated Iym- 
pholysis.“’ interestingly, NKH-I is likewise distrib- 
uted on all resting and activated NK celIs and comprise 
a unique subset of cytotoxic T-lymphocytes that me- 
diate nonmajor histocompatibility complex-restricted 
cytotoxicity.3h Deficiency of CD45R cells has been 
postulated to contribute to the pathogenesis of several 
autoimmune diseases, such as multiple stferosis.3’ 
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RA,” systemic lupus erythematosus. and SJ(ipren’\ 
syndrome? Although our preliminary stud& wcrc 
performed in a small number of patients with PSS 
without corresponding functional data. (‘IXi5R ~cll 
phenotypes were significantly depressed. chpccrall> in 
patients with early stage disease. although el~\atctl iti 
patients with late-stage disease (Tables II and III) 

Thus. as observed with other autolrnmunc tl~s- 
eases. a quantitative dcfcct of 4uppre63l)r (‘IX and 
suppressor-inducers or CDJSR cells may pld! \OIIU 
role in defective immunoregulation irl PSS The phc- 
notypic markers reported hcrc may cvcntuall?; hc u\c- 
fui in clinically stratifying patients and in monitormg 
therapeutic intervention. 
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