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Large granular lymphocyte (LGL) leukemia is a well-
recognized disease of mature T-CD8* or less fre-
quently natural killer cells; in contrast, monoclonal
expansions of CD4" T-LGL have only been sporadi-
cally reported in the literature. In the present article
we have explored throughout a period of 56 months
the incidence of monoclonal expansions of CD4"* T-
LGL in a population of 2.2 million inhabitants and
analyzed the immunophenotype and the pattern of
cytokine production of clonal CD4™" T cells of a series
of 34 consecutive cases. Like CD8" T-LGL leukemias,
CD4" T-LGL leukemia patients have an indolent dis-
ease; however, in contrast to CD8' T-LGL leukemias,
they do not show cytopenias and autoimmune phe-
nomena and they frequently have associated neo-
plasias, which is usually determining the clinical
course of the disease. Monoclonal CD4" T-LGL
showed expression of TCRaf3, variable levels of CD8
(CD8™/*¥™) and a homogeneous typical cytotoxic
(granzyme B*, CD56", CD57*, CD11b*/7) and acti-
vated/memory T cell (CD2*Prisht  cpy—/+dim/
CD11a*Prisht CD28~, CD62L~ HLA-DR') immuno-
phenotype. In addition, they exhibited a Th1 pattern
of cytokine production [interferon-y* ™", tumor necro-
sis factor-a* ™, interleukin (IL-2)~’", IL-4~, IL-10™,
IL-137]. Phenotypic analysis of the TCR-Vf3 repertoire
revealed large monoclonal TCR-Vf3 expansions; only a
restricted number of TCR-V families were represented
in the 34 cases analyzed. These findings suggest that
monoclonal TCRafB*/CD4*/NKa*/CD8 /%™ T.LGL
represent a subgroup of monoclonal LGL lymphopro-

liferative disorders different from both CD8* T-LGL and
natural killer cell-type LGL leukemias. Longer follow-up
periods are necessary to determine the exact signifi-
cance of this clonal disorder. (Am J Pathol 2003,
163:763-771)

Large granular lymphocyte (LGL) leukemia is a well-
recognized disorder of clonal mature lymphocytes of un-
determined significance that commonly displays an indo-
lent course; occasionally it may behave more
aggressively.'® Two different subgroups have been re-
ported: a T-cell and a natural killer (NK)-cell type.>* In
T-LGL leukemia, clonal cells are reported to display a
mature effector T-CD8" cytotoxic phenotype, CD3™"/
CD8*/CD45RA™/CD28~/CD27~/CD94 ™", © with variable
expression of CD57.%° CD8" T-LGL is associated to a
mild to moderate stable lymphocytosis, neutropenia,
splenomegaly, and to a less extent, anemia;" in addition,
it shows a strong association with autoimmune diseases,
especially rheumatoid arthritis.®>® The diagnostic cate-
gory for T-LGL leukemia has been restricted to CD8"
cases and CD4™ T-LGL cases are not usually considered
within this disease group. However, recently there have
been rare reports of CD4™" T-LGL processes that look like
the CD8" LGL leukemia, but have a different immuno-
phenotype.” '° Typically, the few cases of CD4™ T-LGL
reported display monoclonal expansions of TCRaB™/
CD4™" T-LGL that co-express the CD56 and CD57 NK-
associated antigens (NKa™) and variable levels of CD8
(CD87/+dim).7—1O
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A subset of circulating CD4™" T cells expressing NKa™
and CD8 has been already recognized for a long time
both in mice (NK1.1* T cells)'" and in humans (TCRaB™*/
CD4"/NKa™ T cells).” ' Although CD4%/CD8™ T cells
were initially thought to represent recently produced T
lymphocytes, accumulating evidence supports the notion
that CD4*/CD8" lymphocytes are CD4* T cells that have
acquired the CD8 « chain after being activated, and
thereafter maintain the CD4"/CD8" phenotype.’™ % As
murine NK1.1" T cells, human CD4"/NKa*/CD8 /*¢
cells are now believed to be a specialized subset of
TCRaB™ T cells with different functional roles, including
tumor rejection.’ 9 In this sense, TCRaB"/CD4*/NKa™
T cells have been found at increased proportions in hu-
mans in various pathological conditions, including neo-
plasias, chronic viral infections, autoimmune disorders,
and allografts.?°=3° Previous reports have suggested
that, as in mice NK1.1* T lymphocytes,®' human CD4*/
NKa*/CD8/*9 T cells would express a restricted
TCR-VB repertoire in different disease conditions in which
these cells are expanded.®?2° As mentioned above, only
a few cases displaying monoclonality have been re-
ported so far. Therefore, information currently available
on their incidence and characteristics is very limited.

The aim of the present study is to analyze the inci-
dence and the clinical and laboratory features of mono-
clonal expansions of TCRaB*/CD4"/NKa*/CDg /"™ T-
LGL and to explore both the immunophenotype and the
pattern of cytokine production of these cells. Our results
indicate that in these patients the expanded CD4* T-LGL
are both phenotypically and functionally homogeneous
and monoclonal CD4™" T-LGL cases show an indolent
course in the absence of cytopenias, arthritis, and symp-
toms directly attributed to the lymphoproliferative disor-
der itself; however, they frequently have an associated
second neoplasia, that is usually determining the clinical
course of the disease.

Materials and Methods

Patients and Samples

From September 1997 to April 2002 (both included),
samples from a total of 810 adults with monoclonal ex-
pansions of mature lymphocytosis were consecutively
diagnosed at the Hematology Laboratory of the Univer-
sity Hospital of Salamanca (Salamanca, Spain). This lab-
oratory acts as the reference laboratory for a region of 2.2
million inhabitants in the central-western part of Spain
(Castilla 'y Leodn).

From the 810 monoclonal lymphoproliferative cases,
17 corresponded to monoclonal expansions of CD4%/
NKa*/CD8 /*9 T-cell LGL. Apart from these consecu-
tively received unselected patients, another 17 monoclo-
nal cases suspected of having an expansion of CD4*/
NKa*/CD8 '+ T-cell LGL were referred from hospitals
outside the Castillay Ledn region, either to the Laboratory
of the University Hospital of Salamanca (n = 5) or to a
reference laboratory in Portugal (the Hematology Depart-
ment of the Santo Antonio Hospital, Porto, Portugal) (n =

12) for clonality studies, and included in this study. Ac-
cordingly, a total of 34 patients (14 males, 20 females,
with a mean age of 65 *= 11 years; range, 40 to 81 years)
with monoclonal proliferations of TCRaB*/CD4*/NKa™/
CD8 /9™ T cells were included in this study. At the
moment of closing this study, median follow-up was of 12
months (range, 1 to 89 months).

In all cases, the studies described below were per-
formed in peripheral blood (PB) samples collected into
tubes containing either K3-ethylenediaminetetraacetic
acid for immunophenotypic and molecular studies or so-
dium-heparin for functional analyses of cytokine produc-
tion.

Immunophenotypic and Cytokine Production
Studies

Cell Surface and Cytoplasmic Staining

Cell staining was performed using a whole blood stain-
and-then-lyse method (FACS lysing solution; Becton/
Dickinson Biosciences, San Jose, CA) and a direct im-
munofluorescence technique as previously reported in
detail > Cytoplasmic staining was performed using the
Fix & Perm reagent kit (Caltag Laboratories, San Fran-
cisco, CA).

The initial screening was performed with a four-color
panel of monoclonal antibodies (mAbs) directed against
T- and NK-associated antigens conjugated with fluores-
cein isothiocyanate, phycoerythrin, phycoerythrin-cya-
nine 5, or peridin chlorophyll protein and allophycocya-
nin, which include the CD2/CD7/CD56/CD3, TCRap/
CD5/CD3/TCRy8, and CD8/CD28/CD4/CDS3 stainings.
Once the lineage of the expanded LGL was identified as
being TCRaB™/CD4™, these cells were further character-
ized using the following four-color panels of mAb: CD2/
CD7/CD4/CD8, CD5/CD7/CD4/CD8, CD38/CD11b/CD4/
CD8, CD57/CD11c/CD4/CD8, CD16/CD56/CD4/CD8,
CD122/CD25/CD4/CD8, CD45RA/CD45R0O/CD4/CD8,
CD62L/CD28/CD4/CD8, CD11a/HLA-DR/CD4/CD8,
CD16/NKB1/CD4/CD8, CD158a/CD161/CD4/CD8,
CD57/CD8/CD56/CD4, and CD57/cytoplasmic (cyt)
granzyme B/CD56/CD4. The source and specificity of
each mAb reagent used is shown in Table 1.

For the analysis of the TCR-VB repertoire of CD4" T
lymphocytes an extensive panel of 26 mAbs directed
against 20 different TCR-V families was used (Table 1).
These reagents covered 60 *= 4% of the TCR-VB reper-
toire of CD4™ T cells present in the PB of normal age- and
sex-matched controls.®” Diagnosis of a TCR-VB expan-
sion was based on previously defined criteria:*” when-
ever a given TCR-VB family was over-represented within
the CD4™" T-cell compartment (ie, it exceeded the mean
value + 2 standard deviations of normal individuals); or if
a dilution pattern was observed (ie, the fraction of CD4™"
T cells that were recognized was less than or equal to
85% of the mean value observed in normal individuals
with the same panel of anti-TCR-VB mADb).
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Table 1. Monoclonal Antibody Reagents Used in the Present Study
Surface/cytoplasmatic antigens TCR VB regions
Fluorochrome Fluorochrome

Specificity Clone lg isotype*  conjugate  Source' Specificity Clone Ig isotype* conjugate Source’
Cbh2 SFCI3Pt2H9 1gG1 (m) FITC BC VB1 BL37.2 IgG1 (r) FITC, PE 10T
CD3 SK7 IgG1 (m) PerCP BDB  VB2.1  MPB2D5 IgG1 (m) FITC |I0T/BioD
CD3 SK7 IgG1 (m) APC BDB  VB3.1  CH92/8F10 IgM/IgG1 FITC IOT/END

(m)
CD4 SK3 IgG1 (m) PerCP BDB VB4 WJF24 IgMVi(r) FITC, PE 10T
CD4 SK3 IgG1 (m) APC BDB  VB5.1  IMMU157 IgG2a (m) FITC, PE 10T
CD5 L17F12 lgG2a (m) PE BDB  VB5.2 36213 IgG1 (m) FITC, PE 10T
CD7 3A1/1,7F3  1gG2a (m) FITC CLB Vp5.3  3D11 IgG1 (m) PE 10T
CDh7 3A1E-12H7 1gG2b (m) PE BC Vp6.1  CRI304.3 IgM (m) FITC 10T
CD8 DK25 IgG1 (m) FITC DK Vpe.7 T145 IgG1 (m) FITC END
CD8 DK25 IgG1 (m) PE DK VB7.1  ZOE lgG2a (m) FITC, PE 10T
CD8 SK1 IgG1 (m) APC BDB  VpB7.2 ZIZOU4 IgG2a (m) FITC 10T
CD11a CLB-LFA-1/2 1gG2a (m) FITC CLB VB8.1 + 56C5.2 lgG2a (m) FITC 10T
8.2

CD11b D12 lgG2a (m) PE BDB  VB9.1  FIN9 lgG2a (m) PE 10T
CD11c S-HCL-3 IgG2b (m) PE BDB  vp11.1 C21 IgG2a (m) FITC, PE 10T
CD16 3G8 IgG1 (m) FITC BC Vpi12.2 VER2.32 lgG2a (m) FITC 10T
CD25 2A3 IgG1 (m) PE BDB  VB13.1 IMMV222 IgG2b (m) PE 10T
CD28 L293 IgG1 (m) PE BDB  VB13.2 H132 IgG1 (m) PE 10T
CD38 LD38 IgG1 (m) FITC CYT VB13.6 JU74.3 IgG1 (m) FITC, PE 10T
CD44 L178 IgG1 (m) FITC BDB  VB14.1 CAS 1.1.3 IgG1 (m) FITC 10T
CD45RA L48 IgG1 (m) FITC BDB  VB16.1 TAMAYA1.2 IgG1 (m) FITC 10T
CD45R0O UCHL-1 lgG2a (m) PE BDB  VB17.1 E17.5F3 IgG1 (m) FITC, PE 10T
CD56 NCAM16.2 1gG2b (m) PE BDB  VB18.1 BA62.6 IgG1 (m) PE 10T
CD56 N9O1 IgG1 (m) PC5 BC VB20.1 ELL1.4 IgG (m) FITC 10T
CD57 HNK-1 IgM (m) FITC BDB  VB21.3 1G125 IgG2a (m) FITC 10T
CD62L SK11 lgG2a (m) FITC BDB  VB22.1 IMMU546 IgG1 (m) FITC, PE 10T
CD94 HP-309 IgG1 (m) FITC PHA  VB23.1 AF23 IgG1 (m) PE 10T
CD122 MIK-b IgG2a (m) FITC CLB Cytokines
CD158a HP-3E4 IgM (m) FITC BDB L2 MQ1-17H12 1gG2a (r) PE PHA
CD161 DX12 IgG1 (m) PE BDB L4 8D4-8 IgG1 (m) PE PHA
HLA-DR L243 lgG2a (m) PE BDB IL10 JES3-19F1  1gG2a (r) PE PHA
NKB1 DX9 IgG1 (m) PE BDB IL13 JES-5A2 IgG1 (r) PE PHA
TCR-a/B WT31 IgG1 (m) FITC PHA IFNy B27 IgG1 (m) PE PHA
TCR-v/6 11F2 IgG1 (m) PE BDB  TNFa  MABT11 IgG1 (m) PE PHA
Granzyme B CLB-GB11  I1gG1 (m) PE CLB TNFB  359-81-11 IgG1 (m) PE PHA

*(m), Mouse immunoglobulins; (r), rat immunoglobulins.

TBC, Beckmann Coulter, Miami, FL; IOT, Immunotech, Marseille, France; BDB, Becton Dickinson Biosciences, San José, CA; CLB, Amsterdam, The
Netherlands; DK, Dako A/S, Glostrup, Denmark; CYT, Cytognos, Salamanca, Spain; PHA, Pharmingen, San Diego, CA; BioD, Biodesign International,

Saco, ME; END, Endogen, Wobum, MAs.

Functional Analysis of Cytokine Production

In 23 of the 34 patients with monoclonal expansions of
TCRaB*/CD4"/NKa™/CD8/*9™ T cells the cytokine
production by the expanded TCRaB"/CD4"/NKa*/
CD8/*dm T LGL was analyzed by flow cytometry.
Briefly, 500 wl of heparinized PB were placed into a tube
containing 500 ul of RPMI 1640 culture medium (BioWhit-
taker, Walkersville, MD) supplemented with L-glutamine
(2 mmol/L). Cells were cultured for 4 hours at 37°C in a
5% CO, and a 95% humidity sterile environment in the
presence of phorbol-12 myristate 13-acetate (25 ng/ml),
ionomycin (1 wg/ml), and brefeldin A (10 wg/ml) (stimu-
lated samples) or only brefeldin A (nonstimulated sam-
ples). Once this incubation period was completed, each
sample was aliquoted in different vials of 100 ul and
sequentially stained for surface antigens (CD4 and CD8)
and intracellular cytokines [interleukin (IL), IL-4, IL-10,
IL-13, interferon-vy, tumor necrosis factor (TNF)-«, and
TNF-B] (Table 1), as previously described in detail *°

Flow Cytometry Data Acquisition and Analysis

Flow cytometry data acquisition for the immunopheno-
typic and cytokine production studies was systematically
performed in dual-laser FACSCalibur flow cytometers
(Becton/Dickinson Biosciences), using the Cell QUEST
software program (Becton/Dickinson Biosciences). For
each staining, information on a minimum of 2 x 10°
nongated events was acquired and stored as list mode
data. For data analysis the Paint-a-Gate PRO software
program (Becton/Dickinson Biosciences) was used.
TCRaB*/CD4"/NKa*/CD8/*9m T-LGL were first identi-
fied based on their flow cytometric characteristics—high
sideward (SSC) and forward (FSC) light scatter profile,
expression of NKa antigens, and negative/low levels of
CD8. Once identified, cells fulfilling these criteria were
selected (gated cells), their percentage from total lym-
phocytes was calculated and they were analyzed for
the expression of the surface antigens recognized by
the mAb referred above. For each antigen analyzed, the
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following characteristics were recorded: 1) percentage of
positive cells, evaluated as the proportion of gated cells
stained above the isotype control value; 2) intensity of
expression (absent, dim, moderate, strong, very strong),
evaluated by the mean fluorescence intensity, expressed
in arbitrary relative linear units scaled from 0 to 10.000; 3)
relative intensity of expression (increased, normal, or de-
creased) in TCRap"/CD4*/NKa*/CD8/*9™ T-LGL as
compared to the residual TCRaB*/CD4"/NKa~/CD8~
non-LGL lymphocytes present in the same sample; and
4) pattern of antigen expression (homogeneous versus
heterogeneous), evaluated by the coefficient of variation.

Molecular Analysis of T-Cell Clonality

Rearrangements of the TCR-VB genes were evaluated by
conventional Southern blotting.®®3° Briefly, mononuclear
cells were obtained after fractionation on a Lymphoprep
(Nycomed Pharma AS, Oslo, Norway) density gradient,
washed twice in phosphate-buffered saline, and cryopre-
served. DNA was extracted using the phenol/chloroform
method and digested with EcoRIl and Hindlll restriction
enzymes. DNA fragments were separated by 0.8% aga-
rose gel electrophoresis and transferred to nitrocellulose
membranes by vacuum blotting, UV fixed, and hybrid-
ized with ®2P-labeled probes for the TCR-B gene region
(CB, TCRBC, and TCRBJ2; DAKO A/S, Glostrup, Den-
mark).

Other Laboratory Studies

Serum was tested for the presence of antibodies to cy-
tomegalovirus, human hepatitis B and C, type 1 and 2
herpes simplex, rubella, human T-cell lymphotrophic type
| and II, and human immunodeficiency type 1 and 2
viruses. Rheumatoid factor, anti-nuclear antibodies, and
serum immunoglobulin levels were also determined using
conventional techniques.

Results

Incidence of Monoclonal Expansions of
TCRap"/ CD4*/NKa*/CD8/+9™ T-L GL

Monoclonal expansions of TCRaB*/CD4"/NKa*/CDg8/*+dim
T-LGL were detected in 17 of the 810 consecutive
unselected individuals who had a monoclonal proliferation
of B-, T-, or NK-cell mature lymphocytes (2% of total).
Throughout a period of 56 months, this represents an
incidence of 3.64 new cases/year for a region of 2.2
million inhabitants (1.65 new cases/1 million inhabitants).

Clinical and Laboratory Features of Individuals
with Monoclonal Expansions of TCRaB™/
CD4*/NKa*/CD8/+9™ T-LGL

From the clinical point of view, individuals with monoclo-
nal expansions of CD4*/NKa*/CD8 /*9™ T_LGL showed

Table 2. Clinical and Laboratory Features of Individuals
with Monoclonal Expansions of PB TCRaf"*/CD4"/
NKa*/CD8 /"™ T-LGL

Age (years) 65 + 11 (40-81)

Sex (m/f) 14/20 (41%/59%)
Reason for consulting
Routine blood analysis 87%
Abdominal distension 6.6%"*
Skin lesions 3.3%"
Fever 3.3%*
Physical examination
Splenomegaly 6.7%*
Adenophaties 13%8
Skin lesions 3.3%"

Laboratory parameters
Hemoglobin (g/L)
WBC count (X 10%/L)
Lymphocytes (X 10°/L)
Neutrophils (X 10%/L)
Platelets (X 10%/L)

144 = 16 (122-184)
11.5 + 6.8 (3-37.1)
7.1 + 45 (1.4-17.3)
3.7 + 3.4 (0.8-19.1)
214 =+ 65 (68-346)

Continuous variables shown as mean * standard deviation (range).

*These cases presented abdominal distention because of
splenomegaly, related to a co-existing B-cell neoplasia.

TDiagnosed as disseminated granuloma annulare.

#B-CLL co-existing with the T-cell expansion.

SHalf of these cases had an associated B-cell lymphoproliferative
disorder, one of which also presented splenomegaly.

a relative indolent disease course. At diagnosis, all ex-
cept six patients (82%) showed normal physical exami-
nation. From the six patients displaying an altered phys-
ical examination, three presented organomegalies that
were attributed to a concomitant B-cell neoplasia and
one patient displayed skin lesions compatible with dis-
seminated granuloma annulare based on clinical and
histological findings. The other two patients showed a
single small (<1 cm) adenopathy each; in these two
patients, as well as in the remaining cases, diagnosis was
made in a routine blood cell analysis (87%). In Table 2 the
most relevant clinical and laboratory features of these
patients at presentation, are summarized.

Interestingly, co-existence of a second neoplasia was
found in 10 patients (29%). In six cases these tumors cor-
responded to hematological disorders, in another three
patients to solid tumors, and in the remaining case, a
hematological and a solid malignancy co-existed. As shown
in Table 3, the hematological disorders corresponded to a
splenic marginal zone B-cell non-Hodgkin’s lymphoma
(SMZL) (n = 2), a B-cell chronic lymphocytic leukemia
(B-CLL) (n = 2), a lymphoplasmacytic lymphoma (LPL)
(n = 1) and a leukemia of TCRgd™ T-LGL coexisting with a
monoclonal gammopathy of undetermined significance
(MGUS) (n = 1). The nonhematological malignancies were
a thyroid carcinoma (n = 1), gastric adenocarcinoma (n =
1), and a leiomyosarcoma co-existing with a squamous cell
carcinoma (n = 1). In the patient in whom two hematological
and nonhematological malignancies co-existed, the diag-
noses corresponded to a B-CLL and a colorectal adeno-
carcinoma, respectively. Diagnosis of the clonal TCRaS™"/
CD4*/NKa*/CD8 /*9™ T-LGL expansion was made either
simultaneously (n = 6 cases) or before (n = 2) that of the
associated disease; in only two cases the diagnosis of the
associated tumor preceded that of the monoclonal expan-
sion of PB T cells (Table 3).
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Table 3. Tumors Associated to Monoclonal Expansions of TCRaB*/CD4*/NKa*/CD8 /"™ TLGL

Type of neoplasia

Number of cases Time between diagnosis

Hematological malignancies
B-chronic lymphoproliferative disorders
SMZL
Lymphoplasmacytic lymphoma
Typical B-CLL
Atypical B-CLL
Tgamma-delta leukemia + MGUS
Nonhematological malignancies
Thyroid carcinoma
Gastric adenocarcinoma
Leiomyosarcoma + squamous cell carcinoma
Two co-existing malignancies
B-CLL + colorectal adenocarcinoma

6/33

2/33 Simultaneous
1/33 Simultaneous
1/33 4 years before
1/33 Simultaneous
1/33 Simultaneous
3/33

1/33 2 years before
1/33 4 years later
1/33 4 and 1 year later
1/33

1/33 Simultaneous

Overall, 10 of 34 cases (29%), showed one or two associated neoplasias.

SMZL; splenic marginal zone B-cell non-Hodgkin lymphoma; B-CLL, B-cell chronic lymphocytic leukemia; MGUS; monoclonal gammopathy of

undetermined significance.

From the hematological point of view, both the relative
and absolute PB lymphocyte counts were increased
(7.1 = 4.5 x 10° lymphocytes/L, corresponding to 60 +
17% of all PB leukocytes). Morphologically recognizable
LGLs were observed in all cases and they constantly
accounted for more than half of all PB lymphocytes
(mean percentage of LGL of: 73.8 = 12%; range, 53 to
91%). The hemoglobin (144 = 16 g/L), platelet (214 =
65 X 10°/L), and neutrophil (3.7 = 3.4 X 10%/L) counts
were within the normal range in all except three cases.
Moreover, in 9 of 34 patients (six males and three fe-
males) hemoglobin levels were =150 g/L.

Serum lactate dehydrogenase levels were within the
normal range in all cases, and B2-microglobulin levels
were within the normal range in all but one case (3.9
mg/L), corresponding to a patient with an associated
B-cell lymphoproliferative disorder. There was no serologi-
cal evidence for recent or persistent viral infection. In-
creased IgE serum levels were found in one-third of cases
(942 += 1044 U/L; range, 123 to 2119; normal values <100
U/L). Rheumatoid factor and anti-nuclear antibodies were
negative in all patients and only one patient had an associ-
ated joint disease documented as osteoarthritis.

Immunophenotype of clonal TCRaB™/CD4™/
NKa*/CD8~/+9™ T-LGL

TCRaB*/CD4"/NKa*/CD8/*9™ T-LGL comprised 78 +
18% of the total CD4™" T cells in the 34 patients analyzed
and the mean (= SD) absolute number of PB TCRaB™"/
CD4"/NKa™*/CD8 /9™ T lymphocytes was 7.06 + 7.7 X
10°/L.

Clonal TCRaB*/CD4"/NKa*/CD8 /*9™ T-LGL showed
unique immunophenotypic features (Figure 1 and Table 4),
including relatively high light scatter characteristics (FSC
and SSC) as compared to normal residual TCRaB*/CD4™"/
NKa~/CD8™ T-LGL (ratio between FSC and SSC values of
CD4" T-LGL and CD4* non-LGL T cells of 1.2 = 0.1 and
1.3 = 0.1, respectively) and co-expression of cytoplasmic
granzyme B as well as of the CD56 and CD57 NKa anti-
gens; reactivity for CD11b was variable, with both positive
(47%) and negative (53%) cases (mean number of CD11b™

cells, 52 *+ 48%; range, 0 to 100%). Other NKa markers,
including CD11c, CD16, CD94, CD158a, CD161, and
NKB1 were constantly absent on the clonal T cells.

With regard to T-cell associated antigens, TCRaB™/
CD4"/NKa™*/CD8/*dm T_LGL typically co-expressed
low and heterogeneous levels of CD8 (88% of cases), the
percentage of CD4"/CD8 ™ T cells ranging from 14%
to 100% (mean of 60 * 36%). Additionally, TCRaB™/
CD4"/NKa™"/CD8 /"9™ T-LGL showed a bright and ho-
mogeneous CD2 expression as compared to the
TCRaB*/CD4"/NKa~/CD8™ residual T cells; in a similar
way, CD5 was also homogeneously positive in all cases,
but its levels were frequently slightly reduced. In turn,
reactivity for CD7 was constantly heterogeneous and
either dim or nearly absent.

In approximately half of the cases (16 of 34, 47%),
TCRaB*/CD4"/NKa*/CD8/*9™ T-LGL were CD45RA ™/
CD45RO™. In addition, clonal T cells constantly ex-
pressed increased and homogeneous levels of CD11a;
HLA-DR was usually dimly positive and heterogeneously
expressed (Figure 1). Other surface markers that have
been related to T-cell activation, such as CD25, CD28,
CD38, CD62L, and CD122 were constantly absent.

TCR-VB Repertoire of Clonal TCRap*/CD4™/
NKa*/CD8~/+9™ T-LGL

All patients with monoclonal expansions of TCRa8"/CD4*/
NKa*/CD8 /*9™ T-LGL had a major TCR-VB expansion,
which accounted for 74 + 21% of the total CD4* T cells.
The magnitude of the TCR-VB expansion significantly cor-
related (P < 0.05) with the fraction of TCRaS"/CD4 " /NKa™*/
CD8/*4m T_LGL. In 20 cases (59%) we were able to
identify the expanded TCR-Vg family: TCR-VB2.1 in 4 cases
(12%), TCR-VB3.1in 2 (6%), TCR-VB13.1in 12 (35%), and
TCR-VB17.1in 2 cases (6%). In the remaining 13 patients
the expanded TCR-VB family was not represented in the
panel of mAbs used. There was no statistical association
between the type of TCR-Vg family expanded and the pres-
ence or absence of an associated neoplasia. Molecular
studies confirmed the existence of clonal TCR-B chain gene
rearrangements in all cases.
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Table 4. Immunophenotypical Features of Monoclonal Expansions of TCRaf*/CD4"/NKa*/CD8 /%™ T-IGL

%
TCRVB CD4*/NKa™/

No.  family CDg~/a+ CDh2*  CD5* co7t cost CD11bt  CD56* CD57"  CD45RA CD45RO CD1i1a* HLA-DRT
1 Vp2.1 87.5 ++ +++ +d +d (22%) - +(83%) + (98%) + + ++  +d(23%)
2 VB13.1 91.9 ++  4+/+++ +d - +d + (100%) + (86%) + + ++  +d(62%)
3 N.I. 84.1 ++  +4/+H++ +d +d (97%) - +(92%) + (95%) - + ++  +d(24%)
4 VB 171 82.4 +4+  ++H/+++ +d +d (100%) +d +(98%) + (96%) + - ++ +d (66%)
5 N.I. 67.6 ++  +4/+++ +d +d (100%) +d +(80%) + (100%) + + ++  +d(15%)
6 N.I. 71.8 ++  ++/+++  —/+d  +d(96%) - +(98%) + (61%) + - ++ +d (44%)
7 VB13.1 64.1 ++ ++ —/+d  +d(22%) - +(96%) 4 (99%) + + ++  +d(43%)
8 N.I. 57.0 ++ ++ —/+d  +d(14%) - +(97%) + (81%) + + ++  +d(96%)
9 N.I. 78.2 ++  +4/+H++ +d +d (55%) - + (37%) 4+ (99%) + + ++  +d(24%)
10  VB13.1 27.8 +4+  ++H/+++ +d +d (86%) +d +(93%) + (100%) - + ++ +d (69%)
11 N.L 1.87 ++  +4/+H++ +d - +d +(96%) 4 (94%) + + ++  +d(51%)
12 N.L 53.4 ++ ++ +d +d (56%) +d + (72%) + (76%) - + ++ +d (71%)
13 VB3.1 69.3 ++ ++ —/+d  +d(71%) +d +(92%) 4 (94%) + - ++  +d(69%)
14 N.I 70.9 ++ ++ —/+d  +d (44%) +d + (100%) + (98%) + + ++  +d(43%)
15 N.L 26.6 ++  +4/+H++ +d +d (86%) +d + (66%) 4 (94%) - + ++  +d(59%)
16 VB13.1 50.7 ++ ++ +d +d (52%) - +(82%) + (84%) - + ++  +d(84%)
17 VB3.1 32.9 ++  +4/+H++ +d +d (89%) +d +(86%) + (98%) + + ++  +d(20%)
18 N.L 38.0 +4+  ++H/+++ +d +d (39%) +d +(92%) + (94%) + + ++ +d (15%)
19 N.L 26.0 ++ ++ —/+d  +d(47%) - + (71%) + (26%) + + ++  +d(31%)
20 vp21 7.3 +4+  ++H/+++ +d +d (76%) - + (60%) + (92%) + + ++ +d (25%)
21 VB13.1 82.6 ++ +4/+++ —/+d +d(20%) +d +(20%) + (16%) - + ++  +d(14%)
22 VB13.1 14.7 ++ +++ —/+d - - +(98%) + (100%) - + ++ +d (31%)
23 VB13.1 40.5 ++ ++ —/+d  +d (100%) - + (61%) + (25%) + - ++  +d(35%)
24 VB2.1 23.0 +4+  ++H/+++ + +d (28%) - + (100%) + (100%) + - +++  +d(57%)
25 VB13.1 317 ++ +++ —/+d  +d (100%) - - + (100%) + - +++  +d(20%)
26 NI 51.1 ++ ++ +d +d (49%) +d + (100%) + (100%) + + +++  +d(84%)
27  VB13.1 84.0 ++ ++ +d +d (65%) —/+d  + (100%) + (100%) - + ++  +d (20%)
28 VB13.1 31.7 ++ +++ +d +d (100%) —/+d + (100%) + (100%) - + ++ ND

29  VB13.1 11.8 ++ +++ —/+d - - + (100%) + (100%) + ++ ND

30 VB17.1 45.8 ++ ++ —/+d +d(84%) - - + (100%) + + +++ +d(64%)
31 VBa.1 40.1 ++ ++ + +d (100%) - + (100%) + (100%) - + ++ —

32 VB13.1 54.2 ++ ++ —/+d  +d (90%) - + (50%) + (17%) - + +++ +d(88%)
33 NI 2.0 ++ ++ —/+d  +d (100%) +d + (100%) + (100%) + + ++ +d

34 VB7.A1 22.8 ++ ++ —/+d  +d (100%) — + (24%) + (9%) + + ++ +d

% CD4"/NKa"/CD8 /*: percentage of CD4*/NKa"/CD8 /4* cells from the total PB lymphocytes.
Clonal CD4* LGL were constantly positive for granzyme B and were negative for CD11c, CD16, CD25, CD28, CD38, CD62L, CD94, CD122,

CD158a, CD161, NKB1.

N.I.: not identified. ND: not determined.

*. Homogeneous expression; T, heterogeneous expression;
+++; very strong expression.

—, negative; +d; dim expression; +, moderate expression; ++, strong expression;

Data in brackets: percentage of CD4+ LGL expressing that antigen. CD2, CD5, CD45RA, CD45R0O, and CD11a once positive were present in

100% of cells.

Cytokine Production by Clonal TCRaB™/CD4™/
NKa*/CD8 "+ T-LGL

In all cases analyzed (n = 23) clonal TCRaB"/CD4"/
NKa*/CD8 /*9™ T cells showed a typical Th1 pattern of
cytokine production after stimulation with phorbol-12 my-
ristate 13-acetate plus ionomycin (Figure 2). Accordingly,
these cells produced large amounts of both interferon-y
and TNF-a. Interestingly, in 70% of these cases, a vari-
able proportion of the TCRaB*/CD4"/NKa*/CDg8 /*+dim
clonal T-LGL (25 + 21%, range, 6 to 77%) also produced
IL-2. By contrast, under these stimulatory conditions, pro-
duction of IL-4, IL-10, IL-13, and TNF-B could not be
detected in any of the cases analyzed.

Follow-Up and Clinical Outcome

At the moment of closing this study, all 34 patients remained
alive and in the absence of clinical manifestations directly
related to the monoclonal TCRaB*/CD4* /NKa*/CDg/+dm

T-cell expansion. Despite this, changes were observed in
five cases. One displayed anemia because of gastrointes-
tinal hemorrhage associated with a gastric adenocarci-
noma, whereas the other three cases showed pancytopenia
because of either bone marrow infiltration by leiomyosar-
coma (n = 1) or to treatment for an associated B-cell lym-
phoproliferative disorder (n = 2). Interestingly, in the fifth
case a spontaneous remission of the CD4™ LGL prolifera-
tion occurred 4 years after the initial diagnosis, as assessed
by immunophenotypic and TCR-Vg analysis.

Discussion

Recent studies have shown the presence of increased
numbers of TCRaB*/CD4"/NKa*/CD8/*9™ T-LGL in
small groups of individuals, from which around one-third
were found to be monoclonal 2-'° Because of the low
number of cases reported and the design of these stud-
ies, analysis of the incidence and the clinical and labo-
ratory features of patients displaying a monoclonal ex-
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Figure 1. Inmunophenotypic features of monoclonal TCRaB*/CD4/NKa™/
CD8™/+dim T_LGL, Representative dot plots illustrating the phenotypic pat-
terns observed in monoclonal TCRaf*/CD4/NKa*/CD§™/*dim TIGL.
Black dots correspond to monoclonal TCRaB*/CD4™/NKa*/CDg™/ +dim
T-LGL whereas gray dots correspond to residual TCRaB"/CD4*/NKa ™/
CD8™ non-LGL T cells in all panels except the one in the top left corner in
which PB leukocytes other than CD4™ T cells are also displayed as gray
events.

pansion of TCRaB*/CD4"/NKa™/CD8/*9m T-LGL is stil
lacking. In the present article we report for the first time on
a large series of individuals with monoclonal expansions of
TCRaB*/CD4*/NKa*/CD8 /+9m T_LGL. From them, 17
were consecutive unselected individuals referred to a cen-
tral laboratory covering immunophenotypic and molecular
diagnosis of a region with 2.2 million inhabitants during a
period of nearly 5 years, confirming the suspected low
incidence of this condition. By pooling these cases with
another 17 cases referred from other different institutions, a
complete characterization of this condition was achieved.
Analysis of the clinical and hematological data estab-
lished some clear differences between TCRaB"/CD4"/
NKa*/CD8 /*9™ and CD4~/CD8" T-LGL clonal prolifer-
ations. Indeed, our results indicate that clonal expansions
of TCRaB*/CD4*/NKa*/CD8 /*9™ T-LGL do not asso-
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ciate with either neutropenia or splenomegaly. In addi-
tion, anemia was not detected in any case, a consider-
able number of patients even presenting with increased
hemoglobin levels. Moreover, there was no clinical evi-
dence of arthritis and rheumatoid factor was negative in
all cases, whereas frequently positive in individuals hav-
ing CD4~/CD8" T-LGL disorders.*>4° Another remark-
able clinical feature of clonal expansions of CD4™ T-LGL
is the high incidence of associated malignant diseases.
Association of TCRaB"/CD4*/NKa*/CD8/"dm T_LGL
proliferations and other tumors has been sporadically
reported.?”*" However, to the best of our knowledge,
until now no other series has provided enough clinical
data to speculate about a preferential association be-
tween clonal TCRaB"/CD4*/NKa*/CD8/*9m T-LGL
proliferations and other neoplasias. Our results not only
provide evidence for this association, but they also show
that, in some cases, the associated tumor may clinically
develop months, or even years, after the diagnosis of
the monoclonal T-cell proliferation. The high frequency
of second malignancies would support the relevance of
performing a wide cancer survey and a close follow-up of
patients with clonal expansions of TCRaf"/CD4"/NKa*/
CD8 /*9m T_LGL, even when there is no evidence of an
associated disease at diagnosis, and PB lymphocyte
counts are stable. According to the present data, apart
from lymphocytosis, neither clinical manifestations nor
abnormal levels of laboratory parameters were found
unless the patient had a concomitant disease. Thus, in
these individuals the presence of clinical symptoms, an
abnormal physical examination or high levels of lactate
dehydrogenase and B2-microglobulin should be consid-
ered as an alert for the possibility of an associated neo-
plasia.

The exact mechanism that could explain the relation-
ship between the TCRaf"/CD4"/NKa*/CD8 /9™ T-LGL
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Figure 2. In vitro cytokine production by monoclonal TCRaB*/CD4/NKat/CD8™/+4m T_LGL. Monoclonal TCReB*/CD4/NKa*/CD8™/*4im T_LGL constantly
showed a typical Th1 pattern of cytokine production: production of large amounts of both TNF-a and interferon-y, whereas production of IL-4, IL-10, IL-13, and
TNF-B by phorbol-12 myristate 13-acetate + ionomycin-stimulated clonal T cells was constantly irrelevant. Results are expressed as percentage of cytokine+
clonal CD4™ T cells (A) and mean fluorescence intensity (MFI) levels of expression of cytoplasmic cytokines in clonal CD4™ T cells (B). Boxes extend from the
25th to the 75th percentiles; the line in the middle and the vertical lines represent median values and 95% confidence intervals, respectively.
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lymphocytosis to the associated tumor is not clear. Previous
reports have shown that human TCRaB"/CD4"/NKa*/
CD8 /"M T cells may exhibit cytotoxic activity;*>** in a
similar way, murine NK1.1" T cells have been shown to
exhibit potent cytotoxicity against B-cell lineage leukemia
and lymphoma cells and inhibit tumor growth.'~'° In the
present study, monoclonal TCRaB*/CD4"/NKa*/CD8 ™/
+dim T-LGL showed a remarkably uniform cytotoxic T-cell
phenotype, as reflected by a common pattern of expression
of NKa markers and killer receptors—CD56", CD57", cyt
granzyme B*, CD11b~/*9m CD11c™, CD16~, CD94™,
CD158a~, CD161~, NKB1™. At the same time, they dis-
played an activated T-cell phenotype, similar to that ob-
served in other T-cell activation-associated conditions,**
consisting of increased levels of CD2, CD11a, and HLA-DR,
co-expression of CD8, decreased expression of CD7, and
absence of expression of CD28 and CD62L. However,
based on previous reports showing that during acute T-cell
activation the percentage of normal PB CD4*/CD45RA™/
CD45RO" cells decreases, ™ our results suggest that
clonal TCRaB*/CD4"/NKa™/CD8 /"™ T cells do not show
terminal maturation toward an effector cell, because they
co-express CD45RA and CD45R0 in half of cases. Based
on these observations, it could be hypothesized that acti-
vated TCRaB*/CD4*/NKa™/CD8 /* 9™ T-LGL may prolifer-
ate and expand as an effort of the immune system to control
tumor growth. This hypothesis is also supported by our
findings that these cells actively produce Th1 cytokines,
consisting mainly of production of high levels of interferon-v,
which has been considered more effective than Th2 cyto-
kines or priming and supporting or anti-tumor cytotoxic
T-cell response,*® and show a preferential use of specific
TCR-VB families. In any case, further studies are necessary
to demonstrate or rule out such hypotheses.

In conclusion, our results show that a proportion of
T-LGL may correspond to monoclonal expansions of cy-
totoxic/Th1 CD4™ T cells; despite their indolent clinical
behavior, clear clinical differences exist between these
CD4" T-LGL and the classical CD8" T-LGL, especially
as regards the absence of neutropenia, anemia, and
splenomegaly, and the higher incidence of an associated
neoplasia in the former group.
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