
Recurrent presence of the PLCG1 S345F mutation
in nodal peripheral  T-cell lymphomas 

Peripheral T-cell lymphomas (PTCLs) are a group of non-
Hodgkin lymphomas (NHLs) with heterogeneous clinical
presentation, histology, response to treatment and out-
come, whose genetic background is still poorly understood.
Patients with PTCL are usually treated with CHOP or more
intensive regimens, generally with minimal effectiveness,
thus highlighting the need for new therapeutic strategies.1

Several findings suggest that the survival of normal and,
frequently, neoplastic T cells depends upon T-cell receptor
(TCR) signaling.2 The t(5;9)(q33;q22), which results in an
ITK-SYK fusion transcript, has been described in PTCL and
angioimmunoblastic T-cell lymphoma (AITL). Moreover,
transgenic mice with this translocation display chronic
proximal TCR signaling, culminating in T-cell lymphomas
that could be inhibited by treatment with SYK-inhibitors.2,3

SYK is also over-expressed in almost 90% of nodal-PTCLs
(n-PTCL) and mutated in other PTCL-specific subtypes.4 In
addition, Palomero et al.5 have recently reported activating
mutations in FYN tyrosine kinase, another SRC family
kinase found in T lymphocytes that has an important role
in T-cell activation upon TCR stimulation. Recently, the rel-
evance of several mutated genes (TET2, IDH2, DNMT3A,
RHOA) in T-cell lymphoma pathogenesis has become
apparent.5-7 

Nevertheless, as gene expression array studies have
shown, not all PTCLs depend on TCR signaling.8 De Leval
et al. classified PTCL cases according to gene signatures
associated with CD30 expression or T-cell activation/TCR-
signaling.8 Moreover, several authors have confirmed an
inverse correlation between the levels of expression of
CD30 and TCR genes.9 

The TCR is a multimeric complex that is expressed on
the cell surface in association with four CD3 molecules.
Upon receptor ligation, two tyrosine residues are rapidly
phosphorylated by a member of the src-family protein
tyrosine kinase (PTK), transforming them into high-affinity
ligands for Syk PTKs. The co-ordinated actions of Src and
Syk PTK initiate a cascade of signals that ultimately leads to
cell proliferation, cytokine secretion and effector functions.
Nevertheless, the resulting increase in intracellular calcium
concentration ([Ca2+]i), occurring partly as a result of phos-
phorylating and activating phospholipase C-γ1 (PLCG1),10
is critical for TCR stimulation. Activated PLCG1 generates
the second messenger inositol 1,4,5-trisphosphate (IP3) and
diacylglycerol (DAG) from the hydrolysis of phosphati-
dynositol-4,5-bisphosphate (PIP2). Whereas IP3 mediates
the elevation of [Ca2+]i, which is essential for activating the
nuclear factor of activated T cells (NFAT),11 DAG activates
the Ras-ERK pathway12 and protein kinase C (PKC), which
mediates the activation of NF-kB.13

A recurrent mutation in the PLCG1 gene encoding a pro-
tein with p.Ser345Phe alteration (S345F) has recently been
identified that affects the PLCx protein catalytic domain in
approximately 20% of cutaneous T-cell lymphomas
(CTCLs),14 and a similar finding has been reported for one
AITL case.15 Functional studies showed that PLCG1
mutants could increase NFAT activity and were highly sen-
sitive to calcineurin inhibitors.14

Due to the importance of the TCR pathway in PTCL,
and because PLCG1 is a critical mediator of TCR signaling,
we decided to explore the frequency and biological rele-
vance of this PLCG1-S345F mutation in n-PTCL patients.
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Table 1. Statistical analysis of the clinical and molecular parameters
and the mutational status of the PLCG1 gene in the cohort of 101
patients with PTCLs.

Clinical and molecular parameters
N. of cases (%)   WT MUT P

N 101 88 13
DX 101 88 13 0.662
AITL 60 (59.4%) 53 (60.2%) 7 (53.8%)
PTCL-NOS 41 (40.6%) 35 (39.8%) 6 (46.2%)
Sex 98 85 13 0.525
Male 60 (61.2%) 51 (60%) 9 (69.2%)
Female 38 (38.8%) 34 (40%) 4 (30.8%)
Age at diagnosis 96 83 13 0.212
<60 years 30 (31.2%) 24 (28.9%) 6 (46.2%)
≥60 years 66 (68.8%) 59 (71.1%) 7 (53.8%)
IPI 87 74 13 0.829
Low risk 28 (32.2%) 23 (31.3%) 5 (38.5%)
Low-intermediate risk 22 (25.3%) 19 (25.7%) 3 (23.1%)
High-intermediate risk 21 (24.1%) 19 (25.7%) 2 (15.4%)
High risk 16 (18.4%) 13 (17.6%) 3 (23.1%)
PIT 76 64 12 0.504
Low risk 11 (14.5%) 10 (15.6%) 1 (8.3%)
Low-intermediate risk 28 (36.8%) 25 (39.1%) 3 (25%)
High-intermediate risk 22 (28.9%) 18 (28.1%) 4 (33.3%)
High risk 15 (19.7%) 11 (17.2%) 4 (33.3%)
ECOG 83 70 13 0.346
<1 60 (72.3%) 52 (74.3%) 8 (61.5%)
≥1 23 (27.7%) 18 (25.7%) 5 (38.5%)
Treatment 85 75 10 0.278
CHOP/CHOP-LIKE 63 (74.1%) 57 (76%) 6 (60%)
Others 22 (25.9%) 18 (24%) 4 (40%)
Response 81 69 12 0.280
CR 51 (63%) 45 (65.2%) 6 (50%)
PR 16 (19.8%) 14 (20.3%) 2 (16.7%)
No response 14 (17.3%) 10 (14.5%) 4 (33.3%)
Recurrence 75 64 11 0.644
No 50 (66.7%) 42 (65.6%) 8 (72.7%)
Yes 25 (33.3%) 22 (34.4%) 3 (27.3%)
Patient status 93 80 13 0.212
Dead 57 (61.3%) 47 (58.8%) 10 (76.9%)
Alive 36 (38.7%) 33 (41.2%) 3 (23.1%)
NFATc1 95 83 12 0.754
Negative 28 (29.5%) 24 (28.9%) 4 (33.3%)
Positive 67 (70.5%) 59 (71.1%) 8 (66.7%)
P50 98 85 13 0.027
Negative 24 (24.5%) 24 (28.2%) 0 (0%)
Positive 74 (75.5%) 61 (71.8%) 13 (100%)
P52 97 84 13 0.294
Negative 35 (36.1%) 32 (38.1%) 3 (23.1%)
Positive 62 (63.9%) 52 (61.9%) 10 (76.9%)
P-ERK 102 89 13 0.975
Negative 71 (69.6%) 62 (69.7%) 9 (69.2%)
Positive 31 (30.4%) 27 (30.3%) 4 (30.8%)
CD30 94 81 13 <0.001
Negative 77 (81.9%) 71 (87.7%) 6 (46.2%)
Positive 17 (18.1%) 10 (12.3%) 7 (53.8%)
Ki67 100 87 13 0.148
Negative 78 (78%) 70 (80.5%) 8 (61.5%)
Positive 22 (22%) 17 (19.5%) 5 (38.5%)
CD3 94 81 13 0.148
Negative 6 (6.4%) 4 (4.9%) 2 (15.4%)
Positive 88 (93.6%) 77 (95.1%) 11 (84.6%)
DX: diagnosis; AITL: angioimmunoblastic T-cell lymphoma; PTCL-NOS: peripheral T-cell lym-
phoma not specified; WT: wild type; MUT: mutated; IPI: International Prognostic Index; 
PIT: Prognostic Index for PTCL; ECOG: Eastern Cooperative Oncology Group; CHOP:
cyclophosphamide, vincristine, doxorubicin, prednisone; CR: total response; PR: partial
response.



We first examined the presence of the PLCG1-S345F
mutation in a series of 101 formalin-fixed, paraffin-embed-
ded (FFPE) PTCLs samples including 60 AITL and 41
peripheral T-cell lymphoma not otherwise specified (PTCL-
NOS). Clinical data for the patients and some mutational
and GEP data have been reported in two previous studies6,9

(see Online Supplementary Appendix for further information). 
First, DNA was extracted from tumor from the FFPE sam-

ples of this group of patients. The PLCG1-S345F mutation
was analyzed using two independent techniques, as previ-
ously reported14 (Online Supplementary Appendix). Only
those cases found to be positive by both techniques were
considered as mutated. All experiments were carried out
blinded with respect to the clinical data. 
The PLCG1-S345F mutation was found in 12.9% of the

patients (13 of 101 PTCLs), comprising 11.7% (7 of 60) of
AITL and 14.6% (6 of 41) of PTCL-NOS patients (Table 1),
of whom 1 of 6 showed AITL-features. Interestingly, no
correlation was found between the presence of RHOA and
PLCG1mutation in this series (data not shown). 
We analyzed the association of PLCG1 mutation with

clinical data, and found no clear association between the

PLCG1 mutation and overall survival (OS) or other prog-
nostic factors in the whole series; however, we found that
PLCG-mutated PTCL-NOSs showed a lower OS (log rank
χ2=3.81; P=0.05) (Figure 1). There was also an association
with response to treatment (P=0.08) that narrowly failed to
reach statistical significance, probably as a consequence of
the small sample (Online Supplementary Tables S1 and S2).
Tissue micro arrays (TMA) were also constructed from

FFPE samples and TMA sections were stained by the
Endvision method with a heat-induced antigen-retrieval
step for CD3, CD30, NFATc1, Ki67, p-ERK antibodies and
NF-KB subunits for the classic and alternative NF-KB path-
ways, p50 and p52, respectively. Cases were considered
positive for each marker following previously reported cut-
off values for each.6,9,14 Reactive tonsil tissue was included as
a control. The primary antibodies were omitted to provide
negative controls (Online Supplementary Appendix andOnline
Supplementary Table S3). 
Immunohistochemical studies revealed positivity for

CD3 in 87.1% (88 of 101), CD30 in 16.8% (17 of 101) and
Ki67 in 21.8% (22 of 101) of the cases. Nuclear immunos-
taining for NFATc1, p-ERK, p50 and p52 was found in
66.3% (67 of 101), 29.7% (30 of 101), 73.3% (74 of 101)
and 61.4% (62 of 101) of the cases, respectively. 
No significant correlation was found between the pres-

ence of the PLCG1-S345F mutation and NFATc1 expres-
sion, although 66.7% of the mutated cases (8 of 12) were
positive. This figure is lower than the 81.8% previously
reported for CTCLs. Overexpression of NFAT in non-
mutated cases could be explained by the presence of a pre-
served TCR/CD3 pathway in this subgroup of tumors. On
the other hand, a direct statistically significant relationship
was found between the presence of the PLCG1-S345F
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Figure 1. Kaplan-Meier survival curves for PLCG1 mutated and
wild-type patients. (A) Whole cohort of nodal-PTCL. (B) PTCL-NOS
subgroup.

Figure 2. Representative images corresponding to a PLCG1-mutat-
ed (A-C) and a non-mutated (D-F) case, respectively. (A and D) H&E
staining. (B and E) CD30 IHC detection showing positivity in the
mutated case (B) versus the lack of expression in the tumoral cells
in the PLCG1-wt case. Scarce CD30-positive blasts could be seen
(E). (C and F) p50 immunoreactivity. p50 shows a clear nuclear
expression in the mutated case (C) whereas its expression is
restricted to the cytoplasm in the non-mutated case (F).
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mutation and both CD30 [7 out of 13 mutated cases
(53.8%) expressed CD30 vs. 10 out of 81 [(12.3%) of the
non-mutated cases; P<0.001)] and p50 [(13 out of 13
mutated cases (100%)] showed p50 nuclear expression;
P=0.027)]  (Table 1 and Figure 2). Analyzing this in greater
depth, with respect to the histological type diagnosed, we
found that the statistical relationship with CD30 was main-
tained in the PTCL-NOS and AITL groups (Online
Supplementary Tables S1, S2 and S4). Increased signaling
from mutated PLCG1, associated with increased NF-kB
activity and CD30 expression, could theoretically replace
the survival signaling from T-cell receptor. These data are
consistent with previously published data showing that
CD30 and TCR signaling are mutually exclusive in PTCL.8,9 

These findings are of potential therapeutic relevance,
since PLC and NF-kB inhibition and CD30-targeted treat-
ments could be explored for PLCG1-mutated cases, there-
by contributing to the selection of targeted treatment based
on the molecular features of the tumors. 

Rebeca Manso,1# Socorro M. Rodríguez-Pinilla,1#
Julia González-Rincón,2 Sagrario Gómez,2 Silvia Monsalvo,3
Pilar Llamas,3 Federico Rojo,1 David Pérez-Callejo,2
Laura Cereceda,4 Miguel A. Limeres,5 Carmen Maeso,6
Lucía Ferrando,7 Carlos Pérez-Seoane,8 Guillermo Rodríguez,8
José M. Arrinda,9 Federico García-Bragado,10 Renato Franco,11
José L. Rodriguez-Peralto,12 Joaquin González-Carreró,13
Francisco Martín-Dávila,14 Miguel A. Piris,4*
and Margarita Sánchez-Beato2*

#RM and SMR-P contributed equally to this manuscript.
*Senior authors.

1Pathology Department, IIS-Fundación Jiménez Díaz, UAM,
Madrid, Spain; 2Group of Research in Lymphoma, (Medical
Oncology Service), Oncohematology Area, IIS Puerta de
Hierro-Majadahonda (IDIPHIM), Madrid, Spain; 3Haematology
Department, IIS-Fundación Jiménez Díaz, UAM, Madrid, Spain;
4Pathology Department, Hospital U. Marqués de Valdecilla, IDIVAL,
Santander, Spain; 5Pathology Department, Hospital U. Canarias 
Dr. Negrín, Gran Canaria, Canarias, Spain; 6Pathology Department,
CMI Nuestra Señora de la Candelaria, Sta. Cruz de Tenerife, Spain;
7Pathology Department, Hospital San Pedro de Alcántara, Cáceres,
Spain; 8Pathology Department, Hospital Reina Sofía, Córdoba, Spain;
9Pathology Department, Hospital del Bidasoa, Guipúzcoa, Spain;
10Pathology Department, Hospital Virgen del Camino, Pamplona,
Spain; 11Pathology Department, Istituto Nazionale Tumori 
IRCSS – Fondazione Pascal, Napoli, Italy; 12Pathology Department,
Hospital U. 12 de octubre, Madrid, Spain; 13Pathology Department,
Complejo Hospitalario U. de Vigo, Pontevedra, Spain; 14Pathology
Department, Hospital General de Ciudad Real, Spain.
Correspondence: msbeato@idiphim.org 

doi:10.3324/haematol.2014.113696
Acknowledgments: We are indebted to the patients who contributed

to this study, and to the hospitals who supplied the samples. 
We acknowledge the Biobanks of the CNIO (RD09/0076/00113),
IDIVAL-HUMV (RD09/0076/00076), HU 12 de Octubre
(RD09/0076/00118), CHUVI (RD09/0076/00011) and FJD
(RD09/0076/00101) for their help in collecting the samples. 
Funding: This work was supported by grants from Asociación

Española contra el Cancer (AECC), Ministerio de Economía y
Competitividad (MINECO) (SAF2013-47416-R), Instituto Salud
Carlos III (ISCIII) – Fondos FEDER, MINECO-AES

(RD012/0036/0060, PI10/00621, CP11/00018). RM is supported
by the Fundación Conchita Rábago de la Fundación Jiménez Díaz,
Madrid (Spain). JG-R is supported by a predoctoral grant from the
Fundacion Investigacion Biomedica Puerta de Hierro. Salary support to
SG is provided by ISCIII-FEDER (CP11/00018). MS-B is supported
by a Miguel Servet contract from ISCIII-FEDER (CP11/00018). The
Instituto de Investigación Marqués de Valdecilla (IDIVAL) is partly
funded by the Sociedad para el Desarrollo Regional de Cantabria
(SODERCAN). 
The online version of this article has a Supplementary Appendix.
Key words: PLCG1, peripheral T-cell lymphomas.
Information on authorship, contributions, and financial & other disclo-

sures was provided by the authors and is available with the online version
of this article at www.haematologica.org.

References

1. Escalon MP, Liu NS, Yang Y, Hess M, Walker PL, Smith TL, et al.
Prognostic factors and treatment of patients with T-cell non-Hodgkin
lymphoma: the M. D. Anderson Cancer Center experience. Cancer.
2005;103(10):2091-8.

2. Serwold T, Hochedlinger K, Swindle J, Hedgpeth J, Jaenisch R,
Weissman IL. T-cell receptor-driven lymphomagenesis in mice
derived from a reprogrammed T cell. Proc Natl Acad Sci USA. 2010;
107(44):18939-43.

3. Dierks C, Adrian F, Fisch P, Ma H, Maurer H, Herchenbach D, et al.
The ITK-SYK fusion oncogene induces a T-cell lymphoproliferative
disease in mice mimicking human disease. Cancer Res. 2010;
70(15):6193-204.

4. Feldman AL, Law M, Grogg KL, Thorland EC, Fink S, Kurtin PJ, et al.
Incidence of TCR and TCL1 gene translocations and isochromosome
7q in peripheral T-cell lymphomas using fluorescence in situ
hybridization. Am J Clin Pathol. 2008;130(2):178-85.

5. Palomero T, Couronne L, Khiabanian H, Kim MY, Ambesi-
Impiombato A, Perez-Garcia A, et al. Recurrent mutations in epige-
netic regulators, RHOA and FYN kinase in peripheral T cell lym-
phomas. Nat Genet. 2014;46(2):166-70.

6. Manso R, Sanchez-Beato M, Monsalvo S, Gomez S, Cereceda L,
Llamas P, et al. The RHOA G17V gene mutation occurs frequently in
peripheral T-cell lymphoma and is associated with a characteristic
molecular signature. Blood. 2014;123(18):2893-4.

7. Sakata-Yanagimoto M, Enami T, Yoshida K, Shiraishi Y, Ishii R,
Miyake Y, et al. Somatic RHOA mutation in angioimmunoblastic T
cell lymphoma. Nat Genet. 2014;46(2):171-5.

8. de Leval L, Rickman DS, Thielen C, Reynies A, Huang YL, Delsol G,
et al. The gene expression profile of nodal peripheral T-cell lym-
phoma demonstrates a molecular link between angioimmunoblastic
T-cell lymphoma (AITL) and follicular helper T (TFH) cells. Blood.
2007;109(11):4952-63.

9. Rodriguez-Pinilla SM, Sanchez ME, Rodriguez J, Garcia JF, Sanchez-
Espiridion B, Lamana LF, et al. Loss of TCR-beta F1 and/or EZRIN
expression is associated with unfavorable prognosis in nodal periph-
eral T-cell lymphomas. Blood Cancer J. 2013;3:e111.

10. Qi Q, August A. Keeping the (kinase) party going: SLP-76 and ITK
dance to the beat. Sci STKE. 2007;2007(396):pe39.

11. Rao A, Luo C, Hogan PG. Transcription factors of the NFAT family:
regulation and function. Annu Rev Immunol. 1997;15:707-47.

12. Roose JP, Mollenauer M, Gupta VA, Stone J, Weiss A. A diacylglyc-
erol-protein kinase C-RasGRP1 pathway directs Ras activation upon
antigen receptor stimulation of T cells. Mol Cell Biol. 2005;
25(11):4426-41.

13. Sun Z, Arendt CW, Ellmeier W, Schaeffer EM, Sunshine MJ, Gandhi
L, et al. PKC-theta is required for TCR-induced NF-kappaB activation
in mature but not immature T lymphocytes. Nature.
2000;404(6776):402-7.

14. Vaque JP, Gomez-Lopez G, Monsalvez V, Varela I, Martinez N, Perez
C, et al. PLCG1 mutations in cutaneous T-cell lymphomas. Blood.
2014;123(13):2034-43.

15. Yoo HY, Sung MK, Lee SH, Kim S, Lee H, Park S, et al. A recurrent
inactivating mutation in RHOA GTPase in angioimmunoblastic 
T cell lymphoma. Nat Genet. 2014;46(4):371-5.

haematologica 2015; 100:e27

LETTERS TO THE EDITOR


