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Abstract: T-cell large granular lymphocyte leukemia (T-LGLL) is a rare, unique type of chronic lymphoproliferative
disorder with clinical features including fatigue, anemia, recurrent infection and autoimmune diseases. Here, we
report the cases of four T-LGLL patients associated with pure red cell aplasia (PRCA) accompanied by severe anemia
and increased lymphocyte ratios. Three T-LGLL patients were characterized by minimal symptoms and indolent dis-
ease course for more than three years. Increased lymphocyte ratio and number in peripheral blood, numerous large
granular lymphocytes in the peripheral blood and bone marrow, and TCRy/d rearrangements were found in these
patients. Flow cytometric investigations demonstrated that most T-lymphocytes in the bone marrow were CD3*CD8*
cells. Identification of clonal expansion of T-lymphocytes by subtyping TCRV[ on T-cells using antibodies against the
24 members of the TCRV family is an important method used to ascertain the diagnosis of T-LGLL. Rapamycin is
an effective treatment for T-LGLL associated with PRCA without serious side-effects. T-LGLL with minimal symptoms
that were untreated was found to remain stable without progression in regular follow-up and laboratory examina-

tions.
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Introduction

Increased numbers of lymphocytes in the bone
marrow and peripheral blood are frequently
seen in a wide range of diseases ranging from
mild virus infections to malignancies. Con-
sequently, differential diagnosis is sometimes
difficult when the increased lymphocyte num-
bers last for months or even years and few
immature lymphocytes are detected in periph-
eral blood. Large granular lymphocyte leukemia
(LGLL) was first reported by Loughran et al. in
1985 [1], and comprises two types: T-cell LGLL
(T-LGLL) and NK-cell LGLL (NK-LGLL). T-LGLL,
which is the most common type (75%), is char-
acterized by neutropenia, anemia, PRCA, sple-
nomegaly, rheumatoid arthritis and recurrent
bacterial infections. T-LGLL associated with
PRCA and minimal symptom T-LGLL is the main
types of T-LGLL in Asian countries. The therapy
for T-LGLL associated with PRCA is immunosup-

pressive drugs, primarily using corticosteroids,
cyclosporin A, cyclophosphamide and metho-
trexate [2], although the efficacy is poor in
relapsed and refractory patients; therefore,
novel therapeutic approaches are urgently
required in the clinic. T-LGLL associated with
minimal symptom can be misdiagnosed in
cases of insidious onset, atypical or mild symp-
toms without progression for a long period of
time, or normal leukocyte counts in peripheral
blood. Currently, there is no uniform standard
treatment for indolent T-LGLL [3]. Here we
report seven cases of T-LGLL with unusual pre-
sentation, as well as the diagnostic methods
and use of new therapies that differ from the
routine strategies.

Case presentation

Between 2013 and 2015, seven patients
diagnosed with T-LGLL at the Department of
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Two distinct clinical characteristics and therapies of T-LGLL

Table 1. Clinical and experimenta features of seven patients with T-LGLL

Case no. 1 2 4 5 6 7

Sex F M F M F M

Age (year) 51 42 61 75 a7 51 50

Main clinical manifestations Fatigue, facial pallor, ratio Palpitations, fatigue, ratio Chronic anemia, Chronic anemia, ratio Ratio of lympho-  Ratio of lympho- Ratio of lymphocyte
of lymphocyte increase of lymphocyte increase palpitations, fatigue  of lymphocyte increase cyte increase cyte increase increase

WBC (x108/L) 7.2 5.8 6.3 72 5.3 8.1 7.3

lymphocyte ratio (%) 67 70 78 65 76 63 52

RBC (x10*2/L) 1.1 1.8 2.1 2.5 4.3 4.8 5.2

HGB (g/L) 41 63 57 79 132 137 146

Reticulocyte number (x10°/L) 5 8 5.2 42 86 81 79

Clonal expansion of TCRVB and the ratio TCRVPB5.1 (65.32%) TCRVB20 (6.5%) TCRVB13.6 (7.52%) TCRVB13.6 (13.08%) TCRVB14 (38.8%) TCRVB1(36.3%) TCRVB22 (30.14%)

Diagnosis T-LGLL, PRCA T-LGLL, RA T-LGLL, CA T-LGLL, CA T-LGLL T-LGLL T-LGLL

RA: refractory anemia; CA: chromc anemia.
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Figure 1. A. Maturate large granular lymphocytes (arrows) are shown in bone marrow of a T-LGLL patient with pure
red cell aplasia (case 1). These cells are characterized by larger size, kidney or elliptically shaped nuclei, clumped
chromatin without nucleoli, and a number of fine or coarse azurophilic granules in abundant and light blue cyto-
plasm. B. Atypical large granular lymphocytes (arrows) are shown in bone marrow of a T-LGLL patient with pure red
cell aplasia (case 3). These cells contain variable sized granules in abundant cytoplasm and are difficult to identifiy

(WrightGiemsa stain; magnification, x1,000).

Hematology, Peking University Fist Hospital
(China) were enrolled in this retrospective
study. The data collected included patient age,
sex, the main clinical manifestations, routine
blood tests, morphology of cells in blood and
bone marrow, TCRV( family subtyping of bone
marrow cells, diagnosis (Table 1), treatment
regimen and outcome.

This study was approved by the institutional
review board of Peking University Fist Hospital.
All patients provided written informed consent.

Pure red cell aplasia as the main symptom of
T-LGLL

We treated four T-LGLL cases (2 males and 2
females, median age 57 years) with the chief
complaint of pallor, weakness and severe ane-
mia. Peripheral blood examinations showed
higher lymphocyte ratios (65%-80%), lower
reticulocyte ratios (<0.001%) and numbers
(<15%10°/L), lower hemoglobin (Hb) levels (34-
80 g/L) and red blood cell (RBC) counts
(<2.6x10*2/L), while white blood cell (WBC) and
platelet (PLT) counts were normal. Physical
examinations showed moderate splenomegaly
and normal liver size. Granulocyte dysplasia,
RBC aplasia, and LGL hyperplasia were identi-
fied in the bone marrow in two cases. In the
other two cases, LGLs containing variable sized
granules were distributed unevenly in abundant
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cytoplasm and were difficult to identify (Figure
1). Flow cytometric analysis of bone marrow
cells from the four cases revealed increased
numbers of CD3*CD8* and CD5* cells, and
decreased numbers of CD19* cells. The TCRa
T-cell receptor was detected on most T-cells,
which were further analyzed using the 24 anti-
bodies for specific detection of the 24 mem-
bers of the TCRVB family. Monoclonal expan-
sion of TCRVB5.1, TCRVB20, TCRVB13.6 and
TCRVP13.6 was detected in cases 1, 2, 3, and
4, respectively (Figure 2C-F). The four cases
were then diagnosed as T-LGLL associated with
PRCA based on the WHO Classification of
Tumours of Haematopoietic and Lymphoid
Tissues, 2008 [4].

Rapamycin was the main medication adminis-
tered for the treatment of these cases. As
an example of treatment, in case 1, RBC
(3.2x10*2/L), Hb (93 g/L) and reticulocyte ratio
(0.32%) increased slightly and gradually with
the improvement of weakness after prednisone
(80 mg/day orally, single dosage in the morn-
ing) for one week. After prednisone therapy
for 2 months, however, Hb decreased (52 g/L)
and ‘buffalo hump’ obesity appeared with the
reduction in prednisone. Cyclosporin A (25 mg/
day, orally, 2 times/d, maintained blood con-
centration at 200 ng/ml) was added to the
prednisone therapy. Cyclosporin A resulted in
anincrease in Hb to 75-80 g/L after one month,
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Figure 2. Flow cytometry of bone marrow cells from 4 cases T-LGLL associated with PRCA and 3 cases Minimal
symptoms with indolent course of T-LGLL. A, B. Anti-CD3 and anti-CD8 antibodies identified two T-cell groups,
CD3*CD8* T-cells (R3) and CD3*CD8" T-cells (R4), demonstrated that most of the pathogenic cells were CD3*CD8*
T-cells derived from clonal expansion. C-l. Left, upper right, and lower right quadrants represent different antibodies,
showing the clonal expansion of TCRV[ family in 7 cases T-LGLL-respectively TCRV35.1 (65.32%, normal range 1.12-
8.92%), TCRVB20 (6.50%, normal range 0.08-5.61%), TCRVB13.6 (7.52%, normal range 0.47-4.56%), TCRVB13.6
(13.08%, normal range 0.47-4.56%), TCRVB14 (38.8%, normal range 1.5-14.3%), TCRVB1 (36.3%, normal range
1.40-8.21%), TCRVB22 (30.14%, normal range 0.54-6.47%).

weeks. The other three cases also responded
well to rapamycin with Hb increased by 20-40
g/L and without significant side-effects.

although the digestive side-effects, such as
nausea and anorexia due to cyclosporin A,
became marked. Cyclosporin A was then
changed to rapamycin (6 mg orally on the first
day and 2 mg/day thereafter). Hb increased to
82 g/L and reticulocytes to 47x10°%/L with sig-
nificant improvement in the feelings of well-
being of the patient after rapamycin for 2

Minimal symptom T-LGLL with indolent course

We treated three T-LGLL cases (2 males and
one female, median age 49 years) character-
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ized by minimal symptoms and indolent dis-
ease course for more than three years. The
increase in peripheral lymphocyte ratio (50%-
80%) and count (2.5-6.1x10°/L) with moderate
splenomegaly and minimal symptoms, such as
mild fatigue, were found during routine physical
check-ups. The symptoms lasted for one to two
years. Routine blood examinations showed nor-
mal WBC, Hb and PLT counts. In case 5, labora-
tory examinations revealed serum rubella DNA
(-), CMV DNA (-), EBV DNA (-), HSV DNA (-), anti-
nuclear antibodies (-), ASO (-), rheumatoid fac-
tor (-), and CRP (-). Blood chemistry, levels of
IgG, IgA, IgM, and complement factors were
also normal. In the bone marrow, granulocytes
were 59.5% (promyelocytic cells 3.5% with a
high proportion of myelocytes) and mature lym-
phocytes were 33%, with an increased propor-
tion of large granular lymphocytes. Flow cyto-
metric analysis of bone marrow cells from case
5 demonstrated a high proportion of T-cell
(48.3%), a low proportion of B-cells and nucle-
ated RBC. Most of the T-cells were CD3*
(99.1%), CD5* (99.4%), and CD3*CD5* TCRaB*
(93%). Flow cytometric analysis of bone marrow
cells from cases 6 and 7 showed similar chang-
es. The TCRaB* cells were further analyzed
using the 24 antibodies for specific detection of
the 24 members of the TCRV[ family. The ratio
of TCRVB14/TCRupB* cells was 38.8% in case 5,
while the ratio of TCRVB1/TCRap* cells was
36.3% in case 6, and the ratio of TCRVp322/
TCRap* cells was 30.14% in case 7 (Figure
2G-1). TCRd gene rearrangement was positive in
one case, and TCRy gene rearrangement was
positive in another two cases. Chronic T-LGLL
was then diagnosed in the three cases based
on the hematological findings, especially those
obtained by flow cytometry. No therapeutic
measures were offered to the patients, al-
though routine bone marrow and blood exami-
nations were performed every two months.
Disease in these three cases was stable with-
out progression for 2-3 years.

Discussion

T-LGLL is characterized by an abnormal in-
crease in total lymphocyte numbers, particu-
larly the LGLs. The main forms of this disorder
are T-LGLL with PRCA and indolent T-LGLL,
which are defined according to their clinical
characteristics. Here, we report the cases of
seven T-LGLL patients with unusual clinical pre-
sentations. In four cases, PRCA was the main
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abnormality, manifested as severe anemia
without neutropenia or autoimmune diseases
and responding poorly to conventional therapy.
In three cases, the symptoms were trivial and
insidious without progression for 2-3 years.
Ethnic factors can affect the symptoms of
T-LGLL significantly. Our findings are similar to
those reported by Zhou et al., in which 14 of 34
Chinese T-LGLL patients had PRCA [5]. Kwong
reported that among 272 cases T-LGLL in
Western countries, the anemia rate was 47%
and disease accompanied by PRCA occurred in
only 6/143 cases (4%), while the incidence of
neutropenia and splenomegaly was as high as
62% and 40%, respectively. Furthermore, in
Western countries, T-LGLL accompanied by
rheumatoid arthritis and recurrent bacterial
infection were significantly higher proportion of,
respectively 27% and 30% compared with
respectively 4% and 3% in eastern countries
[6]. This suggests that the clinical features of
T-LGLL differ between eastern and western
populations, with eastern populations being
more susceptible to the development of PRCA,
and western populations are susceptible to
neutropenia and autoimmune diseases which
differences could be due to racial variations.

In the three patients with minimal symptoms
and indolent disease course, we found higher
peripheral lymphocyte ratios and numbers of
LGLs in blood smears, moderate splenomegaly,
high ratios of CD3*CD8* T-cells, and monoclo-
nal expansion of TCRVpB14, TCRVB1 or TCRVp22
cells in bone marrow. These results are consis-
tent with the description of T-LGLL in the WHO
Classification of Tumours of Haematopoietic
and Lymphoid Tissues, 2008. However, a long-
term follow-up study indicated that patients
having only an indolent disease course that is
stable for a long period of time may be psycho-
logically overburdened by the term “leukemia”.
Some patients may be inappropriately treated
with rigorous chemotherapy for leukemia. The
use of the relatively ambiguous term “chronic
lymphocyte proliferative disease” to replace
the term T-LGLL for this type of T-LGLL remains
to be discussed.

Clonal expansion of lymphocytes (>30% mono-
clonal) is a critical change that is useful for the
diagnosis of T-LGLL. Rearrangement of T-cell
receptors is also an important indicator of T-cell
leukemia, but false positive results limit its use
[7]. For the determination of lymphocyte clonal-
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ity, flow cytometry by immunophenotyping
and subtyping of TCRVP using the antibodies
against the 24 members in TCRV( family is
more sensitive and accurate than detection of
TCR rearrangements [8-10]. In this study, two
of the four patients with PRCA had clonal
expansion of TCRVB13.6 cells, although the
influence of TCRVB13.6 cells on erythropoiesis
is an interesting and unknown issue. In a recent
study, 31.4% of T-LGLL patients carried muta-
tions in the STAT3 gene, which may relate to
the pathogenesis of T-LGLL [11]; however, the
mechanism remains to be elucidated.

Morphological changes in lymphocytes are
also an important clue for the diagnosis. T-LGLL
should be considered when the increase in
large granular lymphocyte ratio and number
(>2.0x10°%/L) in peripheral blood in repeated
detection lasts more than 6 months [12]. The
large granular lymphocyte number may not
be increased (£2.0x10°%L) in 20%-30% of
T-LGLL cases. Higher (>2.0x10°%/L) and lower
(£2.0x10°%/L) large granular lymphocyte counts
may have similar clinical and laboratory find-
ings [13]. When large granular lymphocytes are
morphologically atypical, clonal expansion of
lymphocytes with a specific immunophenotype
should be emphasized to identify the disease.
T-LGLL is frequently seen in the elderly, but oli-
goclonal proliferation of large granular lympho-
cytes can also be found in normal elderly
patients. In elderly patients with large granular
T-lymphocytes, symptoms, routine blood exam-
inations, and lymphocytes clonality detected
by flow cytometry, these parameters should
be re-assayed after 6 months to differentiate
T-LGLL from normal changes.

The choice for T-LGLL treatment is immunosup-
pressive drugs. Cyclosporin A is effective for
T-LGLL patients with anemia or PRCA with
low cytotoxicity and high safety. The overall
response rate is 82.1% and hematological
remission rate is 57.1% [14]. The therapeutic
protocol of cyclosporin A or cyclosporin A com-
bined with corticosteroids is clinically effective,
but relapse occurs frequently during the corti-
costeroid tapering period [15]. In such cases,
re-administration of the previous protocol or
a change to other immunosuppressive drugs
may still be effective, suggesting that T-LGLL
with PRCA requires long-term immunosuppres-
sive treatment. For patients who are unrespon-
sive to routine treatment protocols, we propose
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that rapamycin can be used to inhibit CD8* cell
and improve clinical symptoms, including low
erythropoiesis due to the activated T-cells [16].
Several studies have demonstrated that bort-
ezomib or lenalidomide achieved complete
remission for refractory T-LGLL unresponsive to
immunosuppressive therapy [17]. Most types
of T-LGLL belong to the chronic and indolent
neoplasm type, and approximately one-third of
the patients are asymptomatic. Some patients
achieve long-term survival, with the median
survival period exceeding 10 years [18].

In conclusion, in the Asian population, T-LGLL
associated with PRCA and minimal symptom
T-LGLL were the two most common types of
T-LGLL. Detection of clonal expansion of T-
lymphocytes through flow cytometric subtyping
of the TCRV[ family on T-cells is helpful in diag-
nosing these forms of the disease. Immuno-
suppressive therapy combined with rapamycin
can achieve good effects in patients with
T-LGLL associated with PRCA.

Acknowledgements

This study was supported by the Natural
Science Foundation of China (Grant No. 8137-
0612), and the Foundation for Youth from the
Natural Science Foundation of China (Grant No.
81102211).

Disclosure of conflict of interest
None.

Address correspondence to: Ping Zhu, Hematology
Research Laboratory, Peking University Fist Hospi-
tal, Beijing 100034, China. Tel: +86-13526501228;
Fax: +86-021-64085875; E-mail: zhuping@bjmu.
edu.cn; Yufeng Liu, Department of Pediatrics, Fist
Affiliated Hospital of Zhengzhou University, Zheng-
zhou, China. Tel: +86-13526501228; Fax: +86-021-
64085875; E-mail: lyf6012@163.com

References

[1] Loughran TP Jr, Kadin ME, Starkebaum G,
Abkowitz JL, Clark EA, Disteche C, Lum LG and
Slichter SJ. Leukemia of large granular lympho-
cytes: association with clonal chromosomal
abnormalities and autoimmune neutropenia,
thrombocytopenia, and hemolytic anemia. Ann
Intern Med 1985; 102: 169-175.

[2] Lamy T and Loughran TP. Large Granular
Lymphocyte Leukemia. Cancer Control 1998;
5: 25-33.

Int J Clin Exp Med 2016;9(6):12301-12307


mailto:zhuping@bjmu.edu.cn
mailto:zhuping@bjmu.edu.cn
mailto:lyf6012@163.com

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

Two distinct clinical characteristics and therapies of T-LGLL

Zhang D and Loughran TP Jr. Large granular
lymphocytic leukemia: molecular pathogene-
sis, clinical manifestations, and treatment.
Hematology Am Soc Hematol Educ Program
2012; 2012: 652-659.

Sabattini E, Bacci F, Sagramoso C and Pileri
SA. WHO classification of tumours of haemato-
poietic and lymphoid tissues in 2008: an over-
view. Pathologica 2010; 102: 83-87.

Zhou K, Wang HJ, Zhang L, Li HQ, Yang DL, Yan
ZS, Jing LP, Wu YH, Chu YL and Zhang FK. [The
clinical characteristics of T cell large granular
lymphocyte leukemia associated with pure red
cell aplasial. Zhonghua Xue Ye Xue Za Zhi
2008; 29: 312-315.

Kwong YL, Au WY, Leung AY and Tse EW. T-cell
large granular lymphocyte leukemia: an Asian
perspective. Ann Hematol 2010; 89: 331-339.
Loughran TP Jr. Clonal diseases of large granu-
lar lymphocytes. Blood 1993; 82: 1-14.

Feng B, Jorgensen JL, Hu Y, Medeiros LJ and
Wang SA. TCR-Vbeta flow cytometric analysis
of peripheral blood for assessing clonality and
disease burden in patients with T cell large
granular lymphocyte leukaemia. J Clin Pathol
2010; 63: 141-146.

Wilodarski MW, O’Keefe C, Howe EC, Risitano
AM, Rodriguez A, Warshawsky |, Loughran TP Jr
and Maciejewski JP. Pathologic clonal cytotoxic
T-cell responses: nonrandom nature of the
T-cell-receptor restriction in large granular lym-
phocyte leukemia. Blood 2005; 106: 2769-
2780.

Qiu 2Y, Shen WY, Fan L, Wang L, Yu H, Qiao C,
Wu YJ, Lu RN, Qian J, He GS, Xu W and Li JY.
Assessment of clonality in T-cell large granular
lymphocytic leukemia: flow cytometric T cell re-
ceptor Vbeta repertoire and T cell receptor
gene rearrangement. Leuk Lymphoma 2015;
56: 324-331.

Qiu 2Y, Fan L, Wang L, Qiao C, Wu YJ, Zhou JF,
Xu W and Li JY. STAT3 mutations are frequent
in T-cell large granular lymphocytic leukemia
with pure red cell aplasia. J Hematol Oncol
2013; 6: 82.

12307

[12]

(13]

(14]

(15]

(16]

(17]

Leblanc F, Zhang D, Liu X and Loughran TP.
Large granular lymphocyte leukemia: from dys-
regulated pathways to therapeutic targets.
Future Oncol 2012; 8: 787-801.

Semenzato G, Zambello R, Starkebaum G,
Oshimi K and Loughran TP Jr. The lymphoprolif-
erative disease of granular lymphocytes: up-
dated criteria for diagnosis. Blood 1997; 89:
256-260.

Zhao X, Zhou K, Jing L, Zhang L, Peng G, Li Y, Ye
L, Li J, Fan H, Li Y and Zhang F. Treatment of
T-cell large granular lymphocyte leukemia with
cyclosporine A: experience in a Chinese single
institution. Leuk Res 2013; 37: 547-551.
Mohan SR, Clemente MJ, Afable M, Cazzolli
HN, Bejanyan N, Wlodarski MW, Lichtin AE and
Maciejewski JP. Therapeutic implications of
variable expression of CD52 on clonal cytotox-
ic T cells in CD8+ large granular lymphocyte
leukemia. Haematologica 2009; 94: 1407-
1414.

Steinway SN, LeBlanc F and Loughran TP Jr.
The pathogenesis and treatment of large gran-
ular lymphocyte leukemia. Blood Rev 2014;
28: 87-94.

Pelliccia S, Di Napoli A, Naso V, Alma E,
Rebecchini C and Cox MC. Very long-lasting re-
mission of refractory T-large granular lympho-
cytes leukemia and myeloma by lenalidomide
treatment. Eur J Haematol 2013; 91: 183-186.
Lamy T, Bauer FA, Liu JH, Li YX, Pillemer E,
Shahidi H, Gregory SA, Zambello R, Marcolongo
R, Semenzato G and Loughran TP. Clinico-
pathological features of aggressive large gran-
ular lymphocyte leukaemia resemble Fas li-
gand transgenic mice. Br J Haematol 2000;
108: 717-723.

Int J Clin Exp Med 2016;9(6):12301-12307



