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COMPARISON OF T CELL  RECEPTOR  GENE  REARRANGEMENTS  IN PATIENTS 
WITH LARGE  GRANULAR  T  CELL  LEUKEMIA  AND  FELTY'S  SYNDROME' 

BRUCE FREIMARK," LEWIS LANIER,' JOSEPH PHILLIPS,' THOMAS  gUERTERMOUS,' AND 

ROBERT  FOX" 
From the  .Department of Basic  and Clinical Research,  Scripps Clinic and  Research  Foundation,  La  Jolla,  CA 92037; 'Becton 

Dickinson Monoclonal Center,  Inc., Mountain View,  CA 94043: and  the  'Department of Medicine,  Massachusetts  General 
Hospital.  Boston. MA 021 14 

Felty's syndrome (FS) refers to  the occurrence of 
rheumatoid arthritis, splenomegaly, and neutro- 
penia. A subset of these  patients has recently been 
described  with a chronic T cell  leukemia  of large 
granular lymphocytes (LGCL). To examine the spec- 
trum of lymphocyte abnormalities in FS and LGCL, 
we examined  phenotypic and genotypic properties 
of lymphocytes  from  eight FS patients. In  two of 
these FS patients, we observed an elevated propor- 
tion of T cells with an unusual phenotype (CD3+/ 
Leu-7+/L.eu-S-/CR 3+) (46 -C 5% of mononuclear  cells). 
The FS lymphocytes had large granular morphology 
on Wright-Giemsa stain  and were active in antibody- 
dependent cellular cytotoxic activity. This  pheno- 
type, morphology, and activity was similar to LGCL 
patients except that  the  latter T cells additionally 
expressed the Fc-IgG receptor recognized by  mono- 
clonal antibody Leu-1 1 (CD 15). In the remaining six 
FS patients, the proportion of CD3+/Leu-7+/CR 3+ T 
cells was  only 10 2 8%. which  was not significantly 
different from age-matched normal subjects (6.6 2 
2.2%). To determine the clonality of T lymphocytes 
in FS and LGCL, we examined DNA for rearrange- 
ments of the T cell antigen receptor @-chain (Ti,) and 
?-chain (Ti,) genes by using Southern blotting tech- 
niques. We found a clonal rearrangement of the Ti,, 
and Ti, genes  in  both LGCL patients. In contrast, no 
clonal rearrangements of  Ti, or Ti, genes were  de- 
tected in  lymphocytes  from the FS patients. These 
results indicate that FS patients are heterogenous 
in their phenotype and  that one subset exhibits 
polyclonal expansion of an unusual lymphocyte 
subset. 

Lymphoproliferation may occur at extra-articular  sites 
in patients  with  rheumatoid  arthritis (RA).3 An example 
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of such lymphoproliferation is the occurrence of spleno- 
megaly and neutropenia in some RA patients, a combi- 
nation that is termed Felty's syndrome  (FS) ( 1 ,  2). In 
recent  studies,  a  subset of these  patients has been iden- 
tified whose blood, bone  marrow, and spleen contain a 
markedly  increased proportion of T cells defined by a 
particular morphology (large granular lymphocytes with 
azurophilic  granules) and cell surface  markers defined 
by anti-CD8 (Leu-2/OKT8) monoclonal antibodies (MoAb) 
(3). The  expansion of a particular lymphoctye subset in 
these  patients  raises  the possibility that  this disorder 
could derive in  part from the expansion of an abnormal 
T cell clone. Alternatively, the large granular lympho- 
cytes could represent  a polyclonal proliferation of lym- 
phocytes with homogeneous phenotype. 

The clonality of T cell populations can be determined 
by analysis of genes encoding the T cell antigen receptor 
(Ti) (4-6). The Ti gene complex consists of a-,  P-. and y-  
chains  that  rearrange  in  mature T cells (7-12). Rear- 
rangements of the Tia gene, and more recently the Ti, 
gene,  have provided a  marker for the clonality of acute 
and chronic  T cell leukemias  (12-15).  These  techniques 
were recently applied to lymphocytes from patients  with 
an  unusual syndrome called T cell lymphocytosis with 
neutropenia,  where  the clinical features did not allow a 
clear  distinction between a  chronic leukemia and a pol- 
yclonal proliferation of reactive T lymphocytes (1 6- 19). 
The  finding of a clonal rearrangement involving the TiB 
genes in at least some of these  patients allowed recogni- 
tion of this syndrome as a  chronic leukemia called large 
granular  T cell leukemia (LGCL) (1  3- 15). 

Some patients  with  FS  are  strikingly  similar to LGCL 
with regard to a)  the occurrence of lymphocytosis, spleno- 
megaly, and profound neutropenia;  and b] increased 
levels of large granular lymphocytes expressing the CD8 
(Leu-2/0KT 8) and Leu-7 cell surface  marker  (20-22). Of 
importance,  some of the LGCL patients  have  features of 
RA, suggesting that  the leukemia has evolved in the 
setting of preexisting  FS (17,  19, 20). In this  study we 
have defined the phenotype of  blood and splenic lympho- 
cytes from two patients  with LGCL and eight  patients 
with FS. Two patients  with LGCL and two with  FS were 
shown to have  increased levels of lymphocytes coexpress- 
ing the Leu-2 and Leu-7 cell surface  markers.  The clon- 
ality of lymphocytes from these  patients  was  assessed by 
using TiB and Ti, gene  rearrangements. 

MATERIALS AND METHODS 

Patients. FS  is  diagnosed  when  patients  show  classic RA. leuko- 
penia,  and  splenomegaly.  Eight  patients  with FS had  granulocyto- 
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penia (<2000/mm3).  splenomegaly, high (21  :640) titer rheumatoid 
factor,  and erosive changes  on joint  x-ray. Their granulocytopenia 
and splenomegaly could not  be  attributed  to  drug  reactions, malig- 

eluding  tuberculosis. LGCL was diagnosed in two patients  with 
nancies.  hepatic  cirrhosis, amyloidosis, or  chronic  infections,  in- 

described by Loughran et  al.  (20).  The clinical features of two LGCL 
chronic T cell lymphocytosis. neutropenia,  and splenomegaly as 

patients  (cases 1 and 2) and two FS  patients  with a n  elevated 
proportion of large granular lymphocytes (cases 3 and 4) are de- 
scribed below. 

iymphocytosis. In 1981  she developed Cmmbs-positive hemolytic 
Case 1.  MAR is a 39-yr-old female with neutropenia and T cell 

anemia, which was  refractory  to glucocorticoid treatment  but re- 
sponded to splenectomy. Histologically, the  spleen showed reactive 
lymphoid infiltrates,  and no lymphoma was noted. She  was in good 
health  until  June  1984,  when  she developed an infection and  was 
noted to have a white blood cell count (WBC)  of 17,500  containing 
>95% lymphocytes and < I %  granulocytes. No lymph nodes  or 
masses were present on physical examination or radiologic studies. 
Bone marrow aspirates  and biopsies  showed histologically normal 
early myeloid cells  but absence of mature granulocytes. A lymphoid 

cells) that  had  phenotype  similar  to  that in her blood (described 
infiltrate  was  present in the  bone  marrow (approximately 30% of 

below). A punch  skin biopsy was used to  establish a fibroblast 
culture line to  serve as a source of germline DNA. 

Case 2. ELA is a 71-yr-old male with  adult  onset  diabetes mellitus 
who  was  admitted  with fever and staphylococcal  osteomyelitis of the 
left foot. Routine admission  studies revealed a WBC  of 5,800 with 
75% lymphocytes 25% monocytes and < I %  granulocytes. No en- 
larged lymph  nodes  were  noted on  routine physical or radiographic 
exams. Bone marrow aspirate  was  similar  to  that noted in case 1. 
After resolution of this  infection,  his  chronic lymphocytosis and 
splenomegaly persisted. Several months  later,  he developed an epi- 
sode of septicemia due  to Gram-negative  rods and expired. 

Case 3. THO is a 61-yr-old white male  with chronic RA involving 
feet,  ankles,  and proximal joints of his  hands. He had positive 
rheumatoid factor (1 :640), anti-nuclear antibody (1 640) .  and leu- 
kopenia (WBC 3800/mm3 with <l% granulocytes). Bone marrow 
aspirate showed maturation  arrest of myeloid precursors at  the 
myelocyte stage. Leukopenia  persisted despite  treatment with non- 
steroidal drugs  and glucocorticoids. Because of persistent infections. 
the  patient  underwent splenectomy. 

penia (WBC 3,500 with (2% granulocytes). Additional extra-articu- 
Case 4. MST is a 63-yr-old female with chronic RA with neutro- 

lar features included  keratoconjunctivitis sicca (Sjogren's syn- 
drome),  vasculitis, peripheral neuropathy,  and hypothyroidism.  Se- 
rologic studies were positive for rheumatoid factor ( 1 : l O .  256).  anti- 
nuclear antibody ( 1  :320).  and anti-thyroglobulin  antibody.  Because 
of recurrent  infections,  the  patient  underwent splenectomy. 

Human  cell  lines  and  lymphocytes. Lymphocytes were prepared 
from  peripheral blood, thymus,  and  spleen by Ficoll-Hypaque gra- 
dient  centrifugation  (23). Purified T  cells  were  isolated by rosetting 
lymphocytes  with neuraminidase-treated  sheep red blocd cells fol- 
lowed  by separation  on Ficoll-Hypaque gradients. After a second 
rosetting  step,  the red  cells  were lysed with  Tris-buffered ammonium 
chloride (pH 7.5).  washed with 0.9% saline  and  resuspended in RPMI 
1640 with 10% fetal calf serum (FCS). Human tumor cell lines  and 
primary fibroblast cultures were maintained  in 75-cm3 flasks (Cos- 
tar  3075) with RPMI 1640 10% FCS and  antibiotics. 

Peripheral blood smears  or cytocentrifuge preparations of purified 
lymphocytes  from LGCL or  FS  patients were stained with Wright- 
Giemsa  method. The  presence of monocytes was determined with 
stains for  nonspecific esterase  (24). 

MoAb andflow cytometry. MoAb included anti-Leu-2a (T sup- 
pressor/cytotoxic  cells) (CD8), anti-Leu-3a  (T  helper/inducer cells) 
(CD4). anti-Leu-7  (subset of large granular lymphocytes),  anti-Leu- 
1 1 (Fc  receptor for IgG. CD16). anti-Leu-12  (mature B  cells)  (CDI9). 
anti-Leu-I 5 (complement  receptor CR3). anti-HLA-DR. and anti-Leu- 
M 5  (monocytes) (Becton Dickinson.  Mountain View,  CA). For flow 
cytometry, 1 X 10' cells  were incubated  with  the specific MoAb or 
with a control murine myeloma followed by fluorescein  isothiocya- 
nate- (FITC) labeled anti-mouse IgG (Tago, Burlingame, CA). For two- 
color fluorescent  studies, FITC-conjugated anti-Leu-4, Leu-7, or 
HLA-DR plus phycoerythrin-  (PE) conjugated anti-Leu-4, Leu-7, Leu- 
1 la.  or  Leu-I5 were  used.  Antibodies  were deagregated  for 1 hr 

by using a FACS IV flow cytometer and a consort 30 computer 
immediately before use  in a n  airfuge (Beckman). Cells were  analyzed 

(Becton Dickinson). 

from  normal subjects, LGCL patients,  or  FS  patients were  evaluated 
In uitrofunctional analysis of lymphoid  cells. Lymphoid cells 

for  antibiotic dependent cellular cytotoxic (ADCC) and  natural killer 
(NK) activity as described (25). Briefly, ADCC activity was  measured 
by using 51C-labeled lymphoblastic cell line JY and a murine IgG2a 

anti-HLA MoAb (ME-19, 5&/ml) reactive  with this cell line; all 
measurements were  performed in  triplicate at effector to  target (E:T) 
ratios of 10: 1 and 20: 1 ,  on the  basis of prior studies performed  with 
these  target cells  used at E:T ratios  ranging  from 0.4: 1 to 100: 1. NK 
assays were  performed by using 51Cr-labeled K562 cells a t  E:T ratios 
of 1O: l  and 50:l. on  the  basis of prior studies performed by using 
E:T ratios of 2.5: I ,  10: 1, 50: 1 ,  and 100: 1 .  The  results  in  each  case 
are expressed as proportion of total "Cr released after  subtraction 
of spontaneous  release  during a 4-hr  assay  at 37OC. 

Probes. The Tie cDNA clone YT35 (4). derived from the  human T 
cell tumor  line Molt-3, was generously provided by  Dr. Tak Mak. 
Ontario  Cancer  Institute, Toronto. Ontario, Canada. A 700-bp  frag- 
ment corresponding to  the  constant region of the Tie gene was 

PSTI (Boehringer-Mannheim,  Indianapoiis, IN) and  was subcloned 
isolated from YT35 by using  the restriction endonucleases BgllI and 

into pUC-13. This probe  hybridizes to both Cel and Cm of the  @-chain 
gene. The J, probe is a I-Kb subgenomic fragment subcloned into 
SP6.  which  encodes Jz (12).  This probe  hybridizes to both J, and Jz 
gene regions. Inserts were excised from plasmids and 32P labeled by 
nick translation  to specific activities of 1 to 3 X 10' cpm/pg DNA. 

Southern blot analysis. Southern blot analysis of  DNA from 
human cell lines  and lymphocytes  with the Ti, and Ti, probes was 
performed as described  (26). Genomic DNA was extracted  from  cells 
and  was digested overnight  with 10 U of restriction  enzyme per 
microgram of  DNA. was electrophoresed through 0.8% agarose  gels, 
and  was  transferred  to nitrocellulose. After transfer.  filters were 
prehybridized  overnight a t  42°C in the presence of 50% formamide. 
5X Denhardts  solution, 100 pg/ml salmon  sperm DNA. 3x SSC. 0.1 % 
SDS, and 0.1% NaPPi and  then were hybridized for 24  to 28 hr  at 
42°C with  probe in prehybridization  mixture a t  3.0 to 5.0 X IO6 cpm/ 
ml. After two low-stringency washes a t  room temperature with 2x 
SSC/O. 1 % SDS. the blots were  washed twice in 0.1 x SSC/O. 1 % SDS 
for 30 min at  65°C. Blots were exposed for 24  to 96 hr  to Kodak X- 
Omat AR film a t  -70°C. using Dupont Lighting Plus intensifying 
screens. 

RESULTS 

Phenotype of cell surface antigens. Cell surface  anti- 
gens were determined by using MoAb and flow cytometry 
(Table I). Peripheral blood lymphocytes (PBL) from the 
two patients  with LGCL (cases  1  and 2) had  a  significantly 
elevated proportion of Leu-2+ (CD8), Leu-7+, and Leu-1 1+ 
(CD16) cells as  compared with  age-matched  normals  (p < 
0.05). By two-color immunofluorescence (Fig. 1).  these 
antigens were present  on  T cells as demonstrated by Leu- 
4+ Leu-7+ cells (frame D)  and Leu-4+ Leu-1 1+ cells (frame 
B). Virtually all of the Leu-7+ cells also  expressed Leu-4+ 
(CD3) (frame D). These  results  are  in  contrast to  normal 
PBL (Table I), where  a lower proportion of Leu-4' Leu-7+ 
cells were present and where Leu-4+ Leu- 1 1 + cells were 
not detected. PBL from two of the  patients with FS (cases 
3 and  4) also showed a markedly increased proportion 
(46% -t 5) of Leu-4+ Leu-7+ cells (Fig. 2, frame C),  but 
Leu-4+ Leu- 1 1+ cells (frame B) were not detectable.  The 
intensity of  MoAb Leu-7 staining in the PBL  of cases 3 
and 4  was  less than  for  the LGCL patients  (cases 1 and 
2). In contrast,  the  other six patients with  FS  had only a 
slightly increased proportion of Leu-4' Leu-7+ cells (1 0% 

TABLE I 
Phenotype of lymphocytesfrom patient's neutropenia and T cell 

lymphocytosis 

MoAb 
Cluster Case 1 Case 2 Case 3 Case 4 Normal 

PBL PEL Spleen PBL PBL 
~ 

Leu-2 
Leu-3 

( 0 8 )  82 70 43 54 31 -C 4 
(CD4) 7 

Leu-4 
4 21 10 5 0 + 6  

(CD3) 92  78 73 63 71 -C 5 
Leu- 12 
Leu-8 

(CD19) 8 1 1  24 27 7 f 5 

Leu-1 1 
1 1  8 7 9 5 5 + 5  

(CD19) 29  40 
Leu 15 

2 <2 1 2 2 3  
(CDl1) 35  42  44 - 

Leu-4+ Leu- 1 1 + 

18-C 1 
27 39 <1 e l  

Leu-4+  Leu-7+ 
(1 

Leu-4+  Leu-15+ 
30 35 41 51 6.6 & 2.2 
31 - 44 55 8 + 6  
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TABLE I1 
Cytotoxfc actiofty of lymphocytes 

1 0' "- _ _ _ ~  " " 

2 lo',c ID 

Green  Fluorescence 
Lau 7 

1 1 expression on PRI. derived from a LCCL patient. PBL from case 1 were 
Figure 1 .  Two-color flow cytometryanalysis of Leu-7. Leu-4. and Leu- 

stainrd  wilh PE-Ig control and FITC-lg control (A) .  PE-Leu- I la and FITC- 
Leu-4 (R). PE-Leu-1 la  and FITC-Leu-7 (C). and PE-Leu-4 and FITC-Leu- 
7 (D). Data are  shown as log scale of PE and FlTC fluorescence.  The 
percentagr of  PRL that  stain  with both fluorochromes is indicated in each 
panel. 

Leu 7 
Green  Fluorescence 

1 I expression on spleen  cells derived from a patient  with FS. Spleen 
Figure 2. Two-color flow cytometry  analysis of Leu-4, Leu-7, and Leu- 

Ivmphocytrs  were  stained  with PE-Ig control and FITC-Ig control ( A ,  PE- 

shown as log peak of PE and FlTC fluorescence. 
Leu-l 1 and FITC-Leu-4 [ R )  and PE-Leu-4 and FITC-Leu-7 (C). Data are 

E'igurr 3. Peripheral blood from a LCCL patient [A ]  and cytocentrifuge 
preparations of lymphocytes  from  two  FS  patients (Rand C. respectively) 
werc  air-dried  and  stained by the Wright-Giemsa method (24). Arrows 
indicate  granules in the  cytoplasm. Original magnification 400x. 

f 8) that  was not  significantly  (p < 0.01) greater  than 
found  in  age-matched  controls. 

These  results  demonstrated a n  increased  proportion of 
Leu-4' Leu-7' cells  in cases 1 through 4. Because each 

ADCC NK Actlvlly 

Source 

10: 1 
E:T  E:T 

20: I 
E:T 

10:l 
E:T 
50: 1 

Normal" 
LCCL 

21 f 5 35f 6 1 5 f 4   5 2 f 1 1  
55? 8 8 9 f  6 3 f  1 

FS-Case 1 49 f 9 85 f IO 10f 3 3 2 f  4 
4 f  1 

FS-Case 2 40 f 13 8 1  f 13 9 2 3  26f 6 
"~ "- 

a Lymphocytes were  obtained from blood of normal  subjects or from 
patients  with LCCL or FS. 

11.0 kb- 

4.0 kb- 

A B C 
Figure 4.  Analysis of Tib gene  rearrangements in germline  and poly- 

clonal  T cell DNA. High molecular DNA prepared from normal  sallvary 
gland (A ] .  fibroblasts from patient MAR ( R ) .  and  normal  thymus (C) was 
digested with Eco RI and  analyzed for Ti,, gene  rearrangement by using 
Southern blot analysis a s  described in Materials and Mrfhods. 

11.0 Kb- 

4.0 Kb- 

A B C D  
ments. Lymphocyte DNA prepared from patient ELA (A) .  MAR (R].  THO 

Figure 5. Analysis of patlent lymphocyte DNA for Tibl  gene  rearrange- 

[C). and MST (D) was digested with Eco RI and subjected to Southern blot 
analysis performed with a cDNA specific  for  the  constant region of the 
Ti, gene.  The  markers  indicate  the position of DNA in the  germline 
configuration. 

of these  patients  had  lymphocytosis  (lymphocytes 
>3000/mm"),  they  had a n  increased  number of cells  with 
this  phenotype. Additional cell surface  markers  that  sub- 
divide the Leu-2' (CD8') population of T  cells  include  the 
Leu-15 (CR3) and Leu-8 antigens  (27).  These MoAb were 
used to further  characterize  the  phenotype in cases 1 to 
4 as Leu-2'/Leu-4+/Leu-7+/Leu-8-/Leu- 15' (Table I). Of 
importance,  the  proportion of cells  with this  phenotype 
in  normal PBL was only 6.6 f 2.2.  Further,  the  proportion 
of cells  with  this  phenotype  in  normal  spleen  was 5.0 f 
2.0. 

Lymphocytes  from LGCL patients  contain  small cyto- 
plasmic  granules  [see Fig. 3,frarne A) on Wright-Giemsa 
stain. Cytoplasmic granules were  also  seen in cytocentri- 
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1 1 .o- 

4.0- 

A B C D  
tainrd rrom FS patients. Lymphocytes were separated  into  T cell  and 

FigureG. Analysis of Tib,  rearrangements in lymphocyte DNA ob- 

non-T  cell  fractions before DNA extraction. digested with Eco RI. and 
analvzrd by Southern blot analysis performed with  the Cn probe. A. 
Patient THO splenic  T  cells: R. patient THO splrnir  non-T  crlls: C .  patient 
MST  PBI, T  crlls: D. patient MST PRL non-T  cells. 

8.0 kb- e - -. 
6.5 kb- 1 

3.0 kb- 0 

A B C D  
Figure 7. Analysis of patient lymphoqyte DNA for Ti, gene rearrange- 

ments. DNA prepared from granulocytes (A) .  patient THO lymphocytes 
(I?). patient MST lymphocytes (C) .  and  patient MAR PRL (D) was digested 
withHindI1IandanalyzedforTi~generearrangementsbyusingSouthern 

cate  the position of DNA in the  germline  configuration. 
blot analysis  and Ti, constant  region-specific rDNA probe. Markers indi- 

fuge  preparations of lymphoid cells from the  FS  patients 
( f r a m e s  B and C). Although these  cells  had  somewhat 
monocytoid appearances,  they  were negative  on  staining 
for  nonspecific  esterase  (unpublished  observations)  and 
were  reactive  with MoAb directed  against  T  cells a s  de- 
scribed  above. 

In uitrofunctional  properties. LGCL expressed ADCC 
activity  (Table 11) but little NK activity.  in  agreement  with 
results of previous studies  (21).  The lymphoid cells  from 
the  FS  patients  also  were  able  to effect ADCC activity. 
They  also  exhibited  some NK activity,  although  signifi- 
cantly  (p < 0.05) less  than  age-matched  normal PBL. 

Rearrangements of the  Ti,,   genes. To  ascertain  the 
clonality of lymphocytes  from  these  patients,  we first 
analyzed DNA for Ti,, gene  rearrangements by using a C,, 
gene  probe.  Germline DNA from  normal  salivary  gland 
(Fig. 4. lane A )  digested  with EcoRI contains  an 1  1 .O-Kb 

4.20- 

3.50- 

2.50- 

1.50- 

0.90- 
0.60- 

A B C D E F  
obtained from FS patients. Lymphocyte DNA was prepared a s  described 

F f g u r e 8 .  Analysis of TI, gene  rearrangements in lymphocyte DNA 

In the legend of Figure 5 and digested with Eco RI. Southern blot analysis 
was performed with a J, probe. A. Granulocytes [germline]: R. RPMI- 
8402: C .  patlent THO splenic  T  cells: D. patient THO splenic  non-T  cells: 
E. patient MST  PRL T  cells: F .  patient MST  PRL non-T  cells. 

fragment  that  includes  the C,,, and J,,, genes  and a 4.0- 
Kb band  containing Cd2. Fibroblast DNA from  patient 
MAR (case  1  with LGCL. lane B) contained  bands  in  this 
germline  configuration:  similar  bands  were  also noted  in 
granulocytes  from  patient ELA (case  2  with LGCL) (data 
not shown). In comparison,  normal  thymocytes com- 
pletely rearranged  their C,,, genes. a s  evidenced by de- 
creased  intensity of the l l .O-Kb band (lane C ) .  

DNA extracted  from the LGCL patients (lanes A and B, 
respectively,  in Fig. 5) both  exhibited a n  additional  band 
a t  approximately  10.0 Kb. In contrast, DNA extracted 
from FS  lymphocytes (lanes C and D)  did not  show any 
detectable  rearranged  band.  The high  proportion of 1 1- 
Kb bands  might  result  from  non-T  cells  in  the  lymphocyte 
preparation  from  unrearranged  Cnl  allele, or from a rear- 
ranged C,,, allele  with  size 11  Kb. To  help resolve these 
possibilities,  lymphocytes  from  FS  patients  were  sepa- 
rated by rosetting  methods  into  T cell (>go% Leu-4' by 
flow cytometry)  and  non-T cell fractions. Purified  T cell 
DNA from FS  patient THO (Fig. 6. lane A) exhibited a 
slightly  diminished  11.0-Kb  band  in  comparison  to  the 
11.0-Kb  band of non-T cell DNA (lane B). In contrast, T 
cell DNA from  patient MST (lane C) demonstrated  nearly 
complete loss of the 11.0-Kb  band  in  comparison  with 
the  11 .O-Kb band of non-T cell DNA (lane D).  

Possible  rearrangements  involving  the C,,2 and J,, al- 
leles  were  investigated by using Hind 3 digestion.  Germ- 
line  configuration of normal  granulocyte DNA includes 
3-, 6.5-. and 8-Kb bands (lane A. Fig. 6). The 3-Kb band 
corresponds  to  the C,,, gene,  the 6.5-Kb band  consists of 
the 3' end of the CdZ, and  the  8-Kb  fragments  contain  the 
Cir2 and Jf12 segments. DNA from the LGCL patient  shows 
the  appearance of additional  bands  at 10 Kb and 1 1 K b  
(lane D in Fig. 7). DNA samples from the  patients  with 
FS (lanes B and C )  were  similar to the  germline config- 
uration. 

Rearrangement of the  Ti,   gene. To  determine if T  cells 
from FS  patients  express Ti gene  rearrangements  not 
detected  by  using the C,, probe,  blotted DNA was digested 
with EcoRI and reprobed  with a J, gene  probe.  The J, 
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probe hybridizes to  germline JY1 and JYz regions, 1.5  and 
3.5 Kb, respectively (Fig. 8. lane A). Clonal T cell DNA 
(RPMI-8402, lane B) expresses two distinct  rearranged 
bands  and loss of both germline  bands.  T cell DNA ob- 
tained from both FS  patients (lanes C and E )  expressed 
both germline J region bands,  a  rearranged  band 0.9 Kb, 
and  faint  bands  at  2.5  and  4.2 Kb (seen on longer expo- 
sure of autoradiography).  The  non-T cells from  the FS 
patients (lanes D and F) showed germline  configuration. 
The reactivity of J, probe with FS T cell and  non-T cell 
DNA was  similar to that seen  with DNA samples from 
normal  T cells and non-T  cells, respectively (unpublished 
observations). 

DISCUSSION 

In recent  studies, an association between LGCL and FS 
has been noted (19,  20).  This suggested the possibility 
that FS could arise as  a  consequence of expansion of an 
abnormal clone of T  cells that mediate granulocyte de- 
struction. In agreement  with  results of other  studies  (1 3, 
14), we found evidence of clonality of T cells in two 
patients with LGCL by using  probes for the Ti, and Ti, 
genes. Among eight patients  with  FS, we found two pa- 
tients whose lymphocytes exhibited phenotypic  similar- 
ity to LGCL patients. Lymphoid cells from these FS pa- 
tients exhibited morphologic and  functional similarities 
to the LGCL patients. However, T cell DNA from these FS 
patients did not exhibit clonal rearrangements of their T 
cell antigen receptor genes.  Therefore, we conclude that 
the increased proportion of large  granular lymphocytes 
in these FS patients  results from a polyclonal expansion 
of lymphocytes with  a  similar  phenotype. 

T cell DNA from one  FS  patient showed a  suprisingly 
large proportion of To gene  with size 11 Kb after Eco RI 
digestion. This observation may have  several  explana- 
tions.  First,  these  T cells may have been contaminated 
with non-T cells (that  contain an 11-Kb germline  Col 
gene] before DNA extraction. This  seems  unlikely,  since 
the proportion of T cells determined by flow cytometry 
was  greater than 90%. Second, the 1 1-Kb band may be a 
rearranged CB, allele with a size  similar  to that of germ- 
line. However, this  seems unlikely, since no evidence for 
clonal rearrangement  was noted when the FS  T cell DNA 
was  analyzed for rearrangements of the Ti, genes. Fi- 
nally, the l l  -Kb CB1 band may result from one unrear- 
ranged Cgl allele in the T cells. Schmidt  et al. (28) have 
shown  that some T cell clones with NK activity have one 
C,,, allele in  the germline  configuration. Thus,  the  in- 
creased  1 1-Kb band in FS  T cells may reflect the persist- 
ence of one  non-rearranged allele. 

The  mechanisms  responsible  for  neutropenia in LGCL 
and in FS have  remained  controversial. Some studies 
have reported anti-granulocyte  antibodies and  an ADCC 
mechanism  (1 9). In support of this  mechanism,  the LGCL 
cells possess  a receptor for the Fc portion of IgG (recog- 
nized by  MoAb Leu-1 1)  and exhibit ADCC when  tested  in 
vitro. However, the T cells in  our FS patients lacked the 
Fc receptor defined by  MoAb Leu-1 1 (CD 16). This  sug- 
gests  that  such cells may possess another type of Fc 
receptor. the receptor is blocked from detection in vivo, 
or that our observed ADCC activity  during in vitro assays 
resulted from another subpopulation of mononuclear 
cells. In addition to ADCC as a  mechanism for explaining 
granulocytopenia in FS. other  investigators  (10)  have 

proposed destruction of granulocytes by the direct cyto- 
toxic action of the large granular lymphocytes. I t  is likely 
that both mechanisms  are operative in most patients. 
and  further characterization of T cell receptor on cloned 
T cells from these  patients will  allow characterization of 
the relative contribution of each  mechanism. 

In summary,  expansion of an unusual  subset of lym- 
phocytes (Leu-4+/Leu-7+) occurs in patients  with lympho- 
cytosis. splenomegaly, and neutropenia.  These  patients 
include a  spectrum that ranges from polyclonal prolifer- 
ation of this  subset (in most FS  patients]  to  frank neo- 
plastic proliferation of a clonally restricted  T cell (in LGCL 
patients).  These clinical conditions provide an unusual 
opportunity to examine the T cell events that occur in 
patients with autoimmune  disease and  their neoplastic 
counterparts. 
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