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1. Introduction 

1.1 Definition and Epidemiology 
Extranodal Natural killer/T (NK/T)-cell lymphoma, nasal type (ENKTCL) com-

prises a highly aggressive group of clonal proliferations predominantly of NK cell 

lineage and rarely of T-cell origin, with distinctive clinicopathological features as-

sociated with Epstein Virus Bar (EBV) infection. This lymphoma commonly arises 

in the upper aerodigestive tract (UAT), being the nasal cavity the distinctive site 

of involvement 1. ENKTCL accounts for 6-15% of all non-Hodgkin lymphomas in 

East Asian countries, 2-8% in Latin-American countries and less than 0.1% in 

Europe and North America 2-5. In East Asia countries, ENKTCL is more frequent 

in Thailand (34%), China (21%), Japan (12%) and South Korea (9%) 6. The inci-

dence of ENKTCL in Latin America is frequent and higher in native populations 

from Guatemala, Mexico, Peru, Bolivia and Ecuador, while in other countries with 

a high proportion of European migration, such as Argentina and Uruguay, is rel-

atively less common. Among the different series of ENKTCL reported from Latin 

America, the highest frequency is seen in Peru (131 cases, 29.2%) 7-10 followed 

by Brazil (114 cases, 25.4%) 9,11-13, Guatemala (125 cases, 27.8%) 9,14, Chile (31 

cases, 6.9%)  13,15 and Mexico (48 cases, 10.7%) 5,16. For instance, in Mexico 

ENKTCL accounts for approximately 10% of all malignant lymphomas and 40% 

of all T-cell lymphomas 17. 

1.2 History 
In the past, this neoplasm was known as "lethal midline granuloma", referring to 

the aggressive course and to the rapid destruction of the midline structures of the 

face, which leads relentlessly to death 18. Likewise, this neoplasm was also called 

"polymorphic reticulosis". This term denoted the morphology of this neoplasm 

composed of a polymorphic population of lymphoid, neutrophil and eosinophil 

cells, imitating a reactive infiltrate 19. Successively, the REAL classification of lym-

phoid malignancies enlisted these group as “angiocentric T-cell lymphomas”, 
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because of their constant propensity to infiltrate blood vessels and its origin on 

T-cells, recognized by the expression of the T-cell receptor (TCR) antigen (CD3), 

which was detected by immunohistochemistry (IHC) using polyclonal antibodies 
20. Later, with the emergence of monoclonal antibodies, it was recognized that 

CD3 expression is mainly present on the cytoplasm of the neoplastic cells, which 

is a unique feature of NK cells since they do not express the epsilon chain of CD3 

(CD3ε) on their surface. Molecular analysis by Southern Blot also supported the 

origin of this lymphoma in NK-cells by demonstrating the germline configuration 

of the TCR gene. In the updated 2017 World Health Organization (WHO) classi-

fication of lymphoid neoplasms, these lymphomas are referred to as extranodal 

NK/T cell lymphoma, to reflect their NK and T-cell origin acknowledgement 1. 

1.3 Clinical features 
ENKTCL in earlier stages most commonly presents with nasal obstruction, epi-

staxis, purulent nasal discharge and facial swelling; whereas in later stages this 

lymphoma can extend to surrounding tissues, originating extensive necrotic le-

sions and destruction of the hard palate 21,22 (Figure 1). 

 

Figure 1. Clinical presentation in a Mexican patient with natural killer/T-cell lymphoma, 
nasal type.  
A child exhibiting an extended ulcerative necrotizing lesion involving the nose, extending onto 
the cheek, lips and destroying adjacent tissues. Courtesy of Dr Toussaint / Dr Ortiz-Hidalgo, 
Mexico City. 

This lymphoma has a predilection (>80% of the cases) to involve the upper aer-

odigestive tract (UAT), most frequently the nasal cavity followed by nasopharynx, 
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paranasal sinuses, hypopharynx and larynx 23-25. In less than 20% of the cases, 

this lymphoma can also occur in non-UAT locations such as skin, soft tissue, 

gastrointestinal tract, bone marrow and with less frequency, lungs, central nerv-

ous system (CNS), spleen, testis, salivary glands and muscle 6,26,27. 

1.4 Morphology 
The distinctive morphology of ENKTCL is often composed of an ulcer with ex-

tended geographic necrosis secondary to a malignant diffuse lymphoid infiltrate 

with an angiocentric and angiodestructive growth pattern. The infiltrate may be 

accompanied by varying degrees of inflammation including granulocytes, lym-

phocytes, histiocytes and plasma cells. Sometimes, the malignant cells are small 

and bland looking simulating a purely reactive lymphocytic infiltrate, which can 

then be misdiagnosed as a benign inflammatory reaction 1,25,28. Therefore, it is 

important to recognized the broad spectrum of morphologies of the neoplastic 

lymphocytes ranging from small, benign-looking cells or medium-sized cells to 

large pleomorphic cells 1. The cells show a moderate amount of cytoplasm, irreg-

ularly folded nuclei, granular chromatin and inconspicuous nucleoli. The immuno-

phenotype is characteristically CD56+, surface CD3-, cytoplasmic CD3+, CD2+ 

and express cytotoxic granules such as TIA-1+, granzyme B+ and perforin+. 

Other surface T-cell markers such as CD4, CD8, and CD5 are negative but CD7 

is variably expressed. While the majority of these lymphomas show a NK cell 

immunophenotype, the expression of CD56 is not specific to this neoplasm and 

it can also be expressed in other T-cell lymphomas. In contrast, other NK recep-

tors such as NKG2D and NKG2A are positive, whereas CD16 and CD57 are 

negative 29,30. Between 15- 20% of all cases present a CD8+T-cell cytotoxic phe-

notype which is characterized by cytotoxic molecules, CD3+, CD5+, CD56- and 

TCRγδ+ or TCRαβ+. This subset of cases exhibits similar morphological and clin-

ical characteristics to those cases with CD56 positivity 31,32. Neoplastic cells ex-

press CD25+, FAS+ (CD95) and FASL+ CD95L or CD178 33, whereas CD30 ex-

pression is not so common and only seen in 30-40% of the cases 32,34-36. The 

megakaryocyte-associated tyrosine-kinase (MATK) is expressed but in low level 

compared to monomorphic epitheliotropic intestinal T-cell lymphomas (MEITL) 

and it can be used as an important tool in their differential diagnosis 37. Other 
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markers, such as platelet-derived growth factor receptor alpha (PDGFRA) and 

programmed cell death ligand 1 (PD-L1), are frequently expressed (79% and 

56% respectively). Their occurrence has been associated with a poor prognosis, 

indicating that these markers are somehow involved in immune escape mecha-

nisms, becoming new targets for immunotherapy 38. Moreover, survivin has also 

been considered as an important prognostic marker in ENKTCL, displaying a reg-

ulatory key in this lymphoma 39. EBV infection should be suspected morphologi-

cally by the presence of geographical necrosis and should be confirmed using in 

situ hybridization for EBV encoded small RNA (EBER). In cases where the im-

munophenotype is characteristic of ENKTCL but the EBER is negative, the diag-

nosis needs to be reconsidered, as it is likely to be another type of peripheral T-

cell lymphoma. 

1.5 Pathogenesis 
The etiology of ENKTCL is still unclear; however, the geographical prevalence of 

this disorder and the common association with EBV denotes a genetic back-

ground related to an EBV-induced mechanism of lymphomagenesis 40. EBV is a 

ubiquitous lymphotropic DNA gammaherpesvirus (human herpesvirus 4), which 

as other members of the herpes virus family have a latency and lytic phase, al-

lowing it to evade immune surveillance, maintaining a lifelong infection that is 

usually harmless 41. Primary EBV infection in humans occurs in infants and is 

usually asymptomatic 42. But, it can also occur in adolescence and in young 

adults, leading to infectious mononucleosis or so-called "kissing disease," an in-

fection characterized by pharyngitis, lymphadenopathy and malaise, and may be 

associated with mild hematologic complications in 25% to 50% 43. 

EBV enters the host through the nasopharyngeal tract, where it infects epithelial 

cells, replicates, and is shed 44. Consequently, it is recognized by naïve and 

memory B lymphocytes circulating in the blood via the B lymphocyte surface re-

ceptor CD21 45. During productive replication of the virus, the EBV lytic viral 

genes are expressed, encoding viral transcription factors such as BZLF1, BRLF1, 

a viral DNA polymerase (BALF5), the viral IL-10 (BCRF1), viral glycoproteins 

(e.g. gp350/220 and gp110) and structural proteins (capsid and tegument pro-

teins) among others 46. Following lytic infection, EBV establishes a latent infection 
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in B cells, epithelial cells and natural killer/T cells 47. To evade the cytotoxic T-cell 

immune response, EBV shuts down its replication equipment (more than 100 viral 

genes) and expresses only around 10 latency genes in B cells. EBV persists as 

a circular episome in infected memory B-cells or integrates into the host genome 
42. During latency status, the main EBV "latent genes" expressed include 6 Ep-

stein-Barr nuclear antigens (EBNA1, EBNA2, EBNA3A, EBNA3B, EBNA3C and 

leader protein), 3 latent membrane proteins (LMP1, 2A, 2B), 2 EBV-encoded 

noncoding RNAs (EBER 1 and 2) and many miRNAs from two regions of the 

EBV's genome: BART and BHRF, the so-called BHRF1- and BART-miR 47 (Table 

1). 
Table 1. EBV genes of latency 
ORF Gene product Function 
BKRF1 EBNA 1 Transactivator of latent and host genes; essential 

for the replication of the episomal EBV genome, 
also associated in p53 degradation 

BKRF1 EBNA 2 Activates viral and cellular gene transcription cru-
cial for EBV mediated B cell transformation, up-
regulates the expression of B-cell antigens.  

BLRF3/BERF1 EBNA 3A Participates in combination with EBNA-2 activating 
chemokines and latency genes to induce G1 ar-
rest. Stimulate cell proliferation and B-cell transfor-
mation 

BERF2a/b EBNA 3B (EBNA 4) 
BERF3/4 EBNA 3C (EBNA 6) 

BamHI-W  EBNA-LP (EBNA 5) Cooperates with EBNA-2-dependent viral and cel-
lular gene transcription. 

BNLF1 LMP1 Mimics the constitutively active form of CD40; acti-
vates NF-κB, JNK and p38 pathways; essential for 
EBV-mediated B-cell transformation. 

Fused TRs  LMP2A/B Mimics an antigen that activates the ERK/MAPK 
signaling pathway, blocking the antigen-dependent 
BCR signaling. Contributes to the B-cell EBV me-
diated oncogenesis. 

BARTs A73, RPMS1 BART and miRNAs interfere mainly in apoptosis  
EBER1/2 miRNAs 
BART, BamHI-A region rightward transcript; BCR B-cell receptor; EBER, EBV-encoded nu-
clear antigen; EBV, ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; 
LMP, latent membrane protein; MAPK, mitogen-activated protein kinase; NF-κB, nuclear fac-
tor-κB; LP, leader protein. Adapted from 46. 

 

According to the expression of the EBV latency genes, four distinct latency pro-

grams are identified: latency 0, I, II or III 42,44,48. The stage type III or "growth 

program" usually follows the primary infection in which all EBV latent genes are 

represented in naive B cells, defined by the expression of all viral proteins, EBNA 

(1, 2, 3A-C) and membrane latent proteins 1, 2A and 2B. This pattern is typically 
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seen in acute infections or severe immunosuppression states and in infectious 

mononucleosis.  Latency II or “default program”, the most frequent, is highlighted 

by the absence of EBNA-2 expression but the presence of other oncogenic pro-

teins related to EBV lymphomagenesis, such as EBNA-1, LMP-1-2, BamHi-a 

rightward transcripts (BARTs), BHRF1 miRs, BZLF1, EBER-1, -2. Type 0 / I, also 

called “latency program”, is found in memory B-cells and Burkitt’s lymphoma. This 

pattern is restricted to EBNA-1 expression with the lack of any other viral genes 
41,49,50 (Figure and Table 2). 

 
Figure 2. EBV life cycle and latency programms.  
Epstein–Barr virus (EBV) enters the body through the oropharynx, where it replicates (lytic 
infection). The virus penetrates the mucosal epithelium and spread to lymphoid tissues. Here 
it targets circulating naïve and memory B cells, through the binding of the major envelope gly-
coprotein gp350/220 to the CD21 receptor. The virus remains in infected B cells; these cells 
will pass through the germinal center of the lymph node, where they multiply and mature and 
leave the germinal center into the circulation or persist as memory B cells. Occasionally, mature 
plasma cells may shed newly assembled free virions into saliva (lytic reactivation). The different 
viral latency stages and associated characteristic protein expression patterns are indicated 51. 
Abbreviations: BART, BamH1-A rightward transcript EBER, EBV-encoded RNA; EBNA1, Ep-
stein Barr nuclear antigen 1 2 3A; LMP1, latent membrane protein 1, 2 2A and 2B. 
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Table 2. EBV types of latency 

Pattern of la-
tency 

Type I Type II Type III 

EBNA-1 + + + 
EBNA-2 - - + 
EBNA-3 - - + 
LMP-1 - + + 
LMP-2 - + + 
EBER + + + 

 Burkitt´s Lymphoma Nasopharyngeal carci-
noma, classic Hodgkin lym-

phoma 
Peripheral T-cell lymphoma 

LPD, 
Infectious mononu-

cleosis 

* (+) plus sign indicates that the gene is expressed and minus (-) sign that is not expressed. 
Adapted from 42. 

 

The memory EBV-infected B cells will then go into a latency stage where the virus 

integrates its DNA into the host cell DNA and may remain so for the rest of its life 
42,52. In the lifetime of this chronic infection, inflammatory lesions, immune disor-

ders or various external factors may induce the infected B cells to enter their lytic 

cycle, which will lead to their activation and result in the transmission of the virus 

to the activated T-cells or NK cells, triggering a wide spectrum of lymphoprolifer-

ative disorders (LPD) 42,53, including carcinomas, B-cell and T-cell lymphomas, 

post-transplant lymphoproliferations, as well as classic Hodgkin lymphoma (CHL) 
54-57. 

1.5.1 EBV strains and their geographical distribution 
 
In ENKTCL, EBV is found in an episomal form in the tumor cells displaying a 

latency pattern II, recognized by the positivity of LMP1 and EBER. Based on 

EBNA (EBNA2 and EBNA-3A, -3B and -3C) genetic polymorphisms, two different 

strains are worldwide recognized: type A (type 1, B95-8 strain) and Type B (type 

2, AG876 strain) 58,59. Likewise, polymorphism sequence analyses have contin-

ued to identify a single amino acid change (S442D) in EBV type A as a key de-

terminant of its strain. The occurrence of this amino acid substitution in strain A 

drifts toward an increased capacity to trigger the oncogenic protein LMP1 and 

other essential proteins in EBV oncopathogenesis 59. Furthermore, in in vitro 

studies, type B strain reported less efficacy than the type A strain to convert B 
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cells into lymphoblastoid cell lines (LCL), highlighting a major role in neoplastic 

transformation 60.  

EBV strains additionally display distinct geographical distribution worldwide, 

whereas EBV type A strain is more prevalent in Europe, Asia and North and La-

tino America, type B is frequently seen in Alaska, Papua New Guinea and Central 

Africa 59. EBV strains A and B distribution has been partially investigated world-

wide (Table 3).  
Table 3. Geographical distribution of EBV strains in T-cell non-Hodgkin lym-
phoma 
Country Entity n EBV strain Reference 
   Type A Type B  
China ENKTCL 31 cases 29 (93.5%) 2 (6.5%) 61 
Korea T-cell NHL 

 
15 cases 14 (93.3%) 1 (6.7%) 62 

China  
ENKTCL 
 

16 cases 16 (100%) 0 63 

Mexico ENKTCL 
 

23 cases 21 (91%) 2 (9%) 5 

China/ 
Taiwan 

Nasal and ex-
tranasal PTCL 
 

19 cases 19 (100%) 1 (5.3%) 64 

Malaysia PTCL 
 

9 cases 9 (100%) 0 65 

Denmark 
 

PTCL 
 

18 cases 
 

15 (83.3%) 3 (16.7%) 65 

Adapted from 66. 
 

Generally, EBV type B has a relatively higher frequency in Mexico in comparison 

to other western countries in B-cell lymphoproliferative disorders 67,68. In two in-

dependents Mexican cohorts of diffuse large B cell lymphoma and CHL, EBV 

type B showed a frequency of 38% (10/26) and 50% (4/8), respectively 67,68. In-

triguingly, EBV type B was also identified in 53% of reactive lymphoid tissues 

(10/19), indicating that this strain is endemic in Mexico. Notwithstanding, effective 

B cell neoplastic transformation by EBV type B is found in the setting of immuno-

deficiency, mainly in HIV+ patients 69-72. Despite this, some authors support the 

concept that EBV strain is not related with the immunodeficiency status of the 

host 73.  

In parallel to EBV strain typing, seven phylogenetically different strains of LMP1 

have also been described, whose differences lead to distinct virulence and role 

in the pathogenesis of EBV during B-cell transformation. These LMP1 strains are 
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distinguished by specific base pairs modifications: the presence or absence of a 

30 bp deletion, the number of 33 bp repeats and an insertion of 15 bp within one 

of the repeats. LMP1 plays a main role in B-cell transformation 74. LMP1 is codi-

fied by BNLF, a gene that contains three exons which are located within the 

BamHI-N region of the virus genome 75. The product of this gene is an integral 

membrane protein which acts as a constitutive active receptor that induces B cell 

transformation, through its binding to a tumor necrosis factor receptor-associated 

factor (TRAF) and a tumor necrosis factor receptor-associated death domain 

(TRADD) protein 76,77. LMP1 protein consists of 386 amino acids including a short 

cytoplasmic amino terminus, six transmembrane alpha-helical of hydrophobic na-

ture, and a long cytoplasmic domain at the carboxyl terminus 76,78. LMP1 has 

revealed various polymorphisms in its genome, among which a 30bp deletion 

LMP-1 gene is prominent. This deletion occurs at the 3′ end of cytoplasmic C-

terminal tail and close to the functional domain CTAR2. The outcome of the de-

letion is the loss of 10 amino acids from the carboxyl terminus, leading to lower 

immunogenic response and increase of the tumorigenic potential in comparison 

with LMP1 wild-type 79,80. This feature deletion has been identified in the Japa-

nese population 81, but also in different cancers including Burkitt’s lymphoma 82, 

gastric carcinoma 83, nasopharyngeal carcinoma 84, CHL 68, ENKTCL and periph-

eral T-cell lymphomas 85 (Table 4).  
Table 4. Geographical distribution of LMP1 variants in T-cell non-Hodgkin lym-
phoma 
Country Entity n LMP1 variant Reference 
   30 bp del WT  
China ENKTCL 13 cases 10 (76.9%) 3 (23,1%) 86 
China  

ENKTCL 
 

23 cases 21 (91,3%) 2 (8,7%) 63 

Mexico ENKTCL 
 

23 cases 6 (26%)  17 
(73,9%) 

5 

Malaysia PTCL 9 cases 9 (100%) 0 65 
Denmark PTCL 18 cases 11 (61,1%) 7 (38,9%) 65 
Adapted from 66. Abbreviations: 30 bp del: 30 bp deletion, WT: wild-type. 

 

So far, LMP1 deletion variant has not been correlated with the EBV strain in the 

different EBV positive lymphoproliferations. Nevertheless, there is a low 
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incidence of the LMP1 deletion variant in reactive lymphoproliferations in contrast 

to aggressive non-Hodgkin lymphomas (NHL), suggesting a correlation of immu-

nodeficiency status with the LMP1 polymorphism. Interestingly, in HIV patients 

with EBV infection, EBV type B strain is constantly associated with LMP1 deletion 

variant, suggesting that the oncogenic role of this strain is linked to the presence 

of the LMP1 deletion 68,69,87. Moreover, in some EBV infected individuals, infec-

tion with multiple strains and types of EBV can also occur, showing infection with 

both types of EBV associated LMP1 polymorphisms 88. EBV type of strain related 

to LMP1 polymorphisms has also been studied in ENKTCL. From 23 Mexican 

ENKTCL cases, type A was present in most of the cases, about 91% (21/23 

cases). Interestingly, LMP1 deletion was detected in the 2 cases with EBV type 

B strain infection, demonstrating that in cases of immunocompetent status, EBV 

type B is constantly associated with LMP1 30 bp deletion 5.  

1.5.2 Molecular features 
Until recently, the mutational status of ENKTCL in Asian countries has been rel-

atively well studied using different sequencing technologies. Despite the high fre-

quency of this lymphoma in Latin America, there are no studies revealing the 

mutational landscape of this entity in this region. In the last decade, 6 independ-

ents Asian ENKTCL cohorts have been published with a limited number of pa-

tients. The limited number of samples is mainly explained by the low quality of 

the tissues, due to large amounts of necrosis with low purity of tumor cell content 

as a result of the high number of inflammatory cells. 89. The most frequent mu-

tated genes reported are members of the Janus kinase-signal transducer and 

activator of transcription (JAK-STAT) signalling pathway mainly STAT3 (JAK3, 

STAT5B),  the RNA helicase gene DDX3X, the tumour suppressor genes (TP53, 

BCOR, MGA, PRDM1, FOXO3, HACE1), genes involved in the RAS-MAPK sig-

nalling pathway (NOTCH3, EPHA1, PTPRQ, PTPRK, GNAQ), the epigenetic 

modifiers (KMT2D, MLL2, ARID1A, ASXL1, BCOR, EP300) and genes involved 

in the cell cycle regulation and apoptosis (CDKN2A, CDKN2B, CDKN1A, FAS) 
61,90-96 (Table 5).  
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Table 5. Mutational landscape in ENKTCL 

Genetic alteration Reference 

Recurrent 
mutations 

JAK-STAT signaling 
pathway STAT3, STAT5b, JAK3, 91,95,97 

RNA helicase family DDX3X 92 

Tumor suppressors TP53, MGA 16,92,93 

RAS-MAPK signaling 
pathway 

NOTCH3, EPHA1, 
PTPRQ, PTPRK, 
GNAQ 

61,96 

Apoptosis FAS 98,99 

Epigenetic modifiers 
ARID1A, ASXL1, 
BCOR, KMT2D, MLL2, 
EP300 

93,100,101 

Adapted from 66. 

 

In the Chinese population, the frequencies of the most common mutated genes 

differ between the three independent studies, and this can be explained by the 

different sensitivities of the sequencing technologies applied (WES, panel se-

quencing and MassARRAY platform sequencing). DDX3X and TP53 were the 

most common alterations followed by STAT3 mutation in the Chinese population. 

DDX3X and TP53 mutations were strongly correlated with poor prognosis inde-

pendently of the variant allele frequencies 91,92,94. In the two other studies per-

formed in Korea and Japan, STAT3 and BCOR were the most frequent mutated 

genes, respectively 90-94. The only study performed in Latin-America, so far, 

showed TP53 as the most frequent alteration, which associated with poor prog-

nosis as in the Chinese cohort 16. 

Chromosomal aberrations are also involved in ENKTCL pathogenesis promoting, 

directly or indirectly, the activation of oncogenes or the inactivation of tumor sup-

pressor genes. Using genome-wide array analysis, the deletion of 6q21 was re-

ported as the most common alteration in about 20 to 43% of the cases leading to 

the loss of genes involved in tumour suppression including 

POPDC3, PREP, PRDM1, ATG5, AIM1 and HACE1 102,103. Other recurrent typi-

cal genetic alterations observed are losses in chromosomes 1p4, 5p13, 12q3, 

14q21, 15q24, 17p4 and 19q13, and gains in 2q5, 3q26, 7q34, 8q24, 13q4 and 

10q3. Interestingly, 8q24.3 was related to significantly poorer survival 104,105. More 
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recently, alterations differing from those displayed in ANKL were described in-

cluding the gain of 2q and loss of 6q16-q27, 11q22-q23, 5p14-p14, 5q34-q35, 

1p36-p36, 2p16, 4q12, and 4q31-q32 106,107. Other molecular clusters distin-

guished are also the loss of 14q11 found in the TCR alfa locus and gain of 1q32-

q32 and loss of Xp22.33 108.  

1.5.1.2 Mutations in the JAK-STAT signaling pathway 
The signaling pathway of the Janus kinase transcription transducers and activa-

tors (JAK-STAT) stimulates cell proliferation, differentiation, migration and apop-

tosis in T-cells. The JAK family includes four different kinases: JAK1, JAK2, JAK3 

and TYK2, which once they are activated, phosphorylate the C-terminal of their 

targets: the signal transducers and activators of transcription (STATs). There are 

seven known STAT family members (1, 2, 3, 4, 5a, 5b and 6), which show six 

functional domains including the N-terminal, DNA binding, Src homology 2 and 3 

(SH2, SH3), transactivation and C-terminal domains. These transcription factors 

remain in the cytoplasm as monomers until they are activated by their phosphor-

ylation, allowing STATs dimerization through a reciprocal interaction between the 

conserved SH2 domain and the phosphotyrosine residues. After their activation, 

these proteins enter the nucleus using importin α/β and RanGDP complexes to 

activate or repress their target genes 109. Commonly, activating mutations in this 

pathway favors lymphomagenesis but, fortunately, this can be therapeutically re-

verted by JAK-1/2 inhibitors. Mutations in this signaling pathway are mostly pre-

sent in widely malignant lymphoproliferations: JAK1 G781E in uterine leiomyo-

sarcomas, JAK1 S703I in inflammatory adenoma and leukemia, JAK2 V617F-

T875N-V625F in myeloproliferative neoplasms, JAK2 K539L in polycythemia 

vera, JAK3 A572V-V722I-P132T in acute megakaryoblastic myeloid leukemia, 

JAK3 M511I in prolymphocytic leukemia, STAT3 Y640F-D661Y-D661V-N647I in 

large granular lymphocytic leukemia, STAT5B N642H in T-cell acute lympho-

blastic leukemia and STAT6 P419D/G in follicular lymphoma 110. 

Genetic aberrations in STAT3 are commonly reported in the Chinese and Korean 

population and are even more frequent compared to those in JAK3 101, represent-

ing the most frequent mutation in ENKTCL described to date, stated from 10.4 to 

26.4% respectively. In other Asian countries, such as Japan, the frequency is 
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lower, reported in 8% in a cohort of 25 patients 90-92,95. The STAT3 mutations are 

predominantly found in the SH2 domain, which favors its activation by employing 

an independent cytokine signaling pathway 91,95. This gene in normal T-cells is 

essential for T-cell expansion and its mutations are key players in T-cell lym-

phomagenesis in many sorts of mature T-cell lymphomas. In T-LGL, the fre-

quency of STAT3 mutations is higher than in ENKTCL (around 40%), and all main 

hotspots encountered (Y640F, D661V, D661Y and N647I) are located in the SH2 

domain, as expected. Interestingly, regardless of the type of mutation (missense 

or insertion), all of them result in the activation of STAT3, which is proven by the 

detection of p-STAT3 by IHC or Western blot 111,112. In other T-cell lymphomas, 

such as ALK-negative anaplastic large cell lymphoma (ALCL), STAT3 alterations 

are also present in around 20% of the patients. Cell lines derived from these pa-

tients demonstrated an increase of p-STAT3 and the cell proliferation, which was 

efficiently targeted by the treatment with JAK1/2 inhibitors. Other target therapies 

have shown selective efficacy in ENKTCL: Static, a STAT inhibitor has been used 

successfully to treat cells harboring the hot Y640F and D661Y mutations of 

STAT3; however, the therapy was ineffective when cells with other STAT3 muta-

tions were treated. 97. In these cases, the use of a selective JAK1/2 inhibitor 

(AZD1480) may be beneficial, as it has been shown to be beneficial in cell lines 

with wild-type STAT3 mutations. 91. Nevertheless, targeted therapy against 

STAT3 can fail due to different regulatory factors that lead to the raise of STAT3 

in an independent way such as the regulatory subunit of phosphoinositide-3-ki-

nase 3 (PIK3R3) and the adaptive protein SH2B3 (SH2B3). In ENKTCL patients 

PIK3R3 is overexpressed, whereas SH2B3 a negative regulator of STAT3 is lost 

in acute lymphoblastic leukaemia 90,113. Moreover, EBV can also extrinsically ac-

tivate the JAK-STAT signaling pathway using the LMP1 or EBNA-2, acting as a 

coactivator for the transcriptional enhancer of STAT3 114,115.   

So far, the association of STAT3 mutation with clinical outcome remains uncer-

tain and no correlation with poor clinical outcome in ENKTCL has been detected, 

although in some other B-cell lymphomas high expression of p-STAT3 has been 

associated with a poor prognosis 116. More recently, STAT3 mutations have been 

correlated to the expression of the programed death ligand 1 (PD-L1). 
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It has been proposed a robust binding of the p-STAT3 to the PD-L1 gene pro-

moter contributing to tumor immune evasion. Therefore, the combination of PD-

1/PD-L1 antibodies and STAT3 inhibitors might become a new promising thera-

peutic approach for this lymphoma 95.  

JAK3 mutations have a relatively low frequency in ENKTCL, and studies show a 

difference among frequencies, which can be explained by the sensitivity of the 

sequencing methods employed or the differences in ethnicity of the population 

studied. Using whole exome sequencing (WES) in ENKTCL patients, two so-

matic-activating mutations (A572V and A573V) were identified in the JH2 pseu-

dokinase showing a frequency of 35.4% in 61 cases 95,117. Nevertheless, in the 

Japanese and the Chinese population the frequency of these mutations is rela-

tively low, stated from 0-7% 91,92.  

1.5.1.2 Mutations altering the NOTCH signaling pathway 
BCOR is an epigenetic modifier which interacts with the zinc finger protein do-

main of BCL-6 and serves as a its co-repressor, leading to BCL-6 target silencing. 

BCOR and BCL-6 have a key role in germinal center formation and apoptosis 118. 

More recent data support that BCL-6/BCOR interactions also leads to inhibition 

of NOTCH signaling pathway 119. 

Mutations in BCOR have been reported in different B-cell lymphomas, myeloid 

disorders such as myeloid leukemia, myelodysplastic syndromes and ENKTCL, 

but not other mature T-cell lymphomas 120,121. Surprisingly, the frequency of 

BCOR mutations in the Japanese population is relatively high (32%) 93 in contrast 

with other Asian populations  93. Mutations described in BCOR are mostly mis-

sense and sometimes stop codon mutations, and are heterogeneously located 

along the gene, generally resulting in loss of the function. It is important to note 

that EBV infection is associated with BCOR mutations and loss of function, not 

only in ENKTCL but also in gastric cancer 90. This leads to the hypothesis that 

EBV and BCOR may interact through an epigenetic mechanism in EBV carcino-

genesis. 
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1.5.2.3 Mutations disrupting the cell cycle 
TP53 
Somatic mutations in the TP53 gene occur in almost every type of cancer at rates 

from 38-50% in ovarian, esophageal, colorectal, head and neck, larynx, and lung 

cancers, to about 5% in primary leukemia, sarcoma, testicular cancer, malignant 

melanoma, and cervical cancer 122. TP53 acts as a tumor suppressor gene en-

coding a protein (p53), which induces G1 cell cycle arrest in DNA damaged cells 

promoting the expression of genes involved in apoptosis, namely PUMA (p53 

upregulated modulator of apoptosis), Bax, Fas, PIG3 and Killer/DR5 123,124. Other 

well-known examples of TP53 target genes, resulting in the regulation of cell cy-

cle, senescence and apoptosis, are MDM2 and p21 125,126.  

Mutations in the oncogene TP53 were the first genetic alterations reported in the 

Mexican population, in 24% of the ENKTCL cases (5/21) 16. Subsequently, a high 

rate of TP53 mutations were also described in the Asian population: 63% in In-

donesia (17/23 cases) 127, 40% in China (8/20 cases) 89 and 62% in Japan (36/58 

cases) 128. However, the incidence of these mutations is lower in more recent 

studies. A cohort of ENKTCL in the Chinese population describes 13.3% of TP53 

mutations in 105 cases. 91  

According to previous studies in different solid tumors, 86% of TP53 mutations 

are mostly missense mutations located in the DNA binding domain, leading to the 

loss of antiproliferation signals 122. Some other studies have also shown that mu-

tant p53 proteins not only lose their antiapoptotic activity but also gain an onco-

genic function, a phenomenon named “the gain of function of mutant p53” 129.  

Mutations in TP53 result in stabilization and nuclear accumulation of p53 protein 

in neoplastic cells 130. This phenomenon is useful since p53 overexpression can 

be predicted in tissue using IHC as a surrogate to predict TP53 gene status in 

cancer 131, except in EBV disorders since in these conditions p53 can be accu-

mulated due to EBV induction rather than by the mutational status 16,132.  

TP21 is also a regulator of the cell cycle with strong interaction with TP53. The 

p53-mediated apoptosis is preceded by elevation in the levels of the p21 protein 
133. Therefore, p53 mutations were assumed to be related to the absence of p21; 

however, in some cases of ENKTCL, TP21 overexpression has been found to be 
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present irrespective of TP53 mutation 16. This mechanism is not well understood, 

but one of the hypotheses is the role of EBV in the regulation of p53 and p21 

through NF-kB activity enhanced by EBNA2 and LMP1, a feature previously de-

scribed in B-cell lymphoproliferative disorders. but one of the hypotheses raised 

EBV for associated B-cell lymphoproliferative disorders is the upregulation of p53 

and p21 by EBV through NF-kB activity enhanced by EBNA2 and LMP1 16,134.  

p53 overexpression may also be enhanced by binding to the ZEBRA viral protein 

or EBNA-5 135,136.  

 

DDX3X 
DDX3X is a member of the family of RNA helicases known as “DEAD-box”, which 

refers to the conserved Asp-Glu-Ala-Asp sequence motif “helicase motif” that 

contains the catalytic base for ATP hydrolysis. Recent studies described recur-

rent mutations within the DDX3X gene in different cancers, including T-cell acute 

lymphoblastic leukemia 137, chronic lymphocytic leukemia 138, lung carcinomas 
139, head and neck squamous cell carcinomas 140, carcinomas of the breast 141, 

medulloblastomas 142 and ENKTCL 92. In cancer, DDX3X participates as a tumor 

suppressor through regulation of RNA translation initiation and assembly in the 

ribosome and spliceosome 143. Besides, it also has been associated to the signal 

transduction impairment in WNT/β-catenin signaling pathway 143,144, the loss of 

cell cycle suppression and the transcriptional activation of the NF-κB and MAPK 

pathways 92. Furthermore, synergistic DDX3X and TP53 transcriptional suppres-

sion of CDKN1A expression has been documented in non-small cell lung carci-

noma 145. So far, DDX3X is listed as the most frequently mutated gene in 

ENKTCL cases from the Chinese population (20% of 105 cases), although it is 

mutated in only 12% of cases (3/25 cases) in a cohort from Ja-

pan. DDX3X mutations also occur in aggressive natural killer leukemia (29%, 

4/14 cases), being all mutations restricted to the C-terminal helicase domain. It is 

interesting to note that although DDX3X mutations in ENKTCL happen randomly 

within the gene, most variations affect the function of its protein. Also, concurrent 

mutations of DDX3X and TP53 are correlated with advanced stage of disease 
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and poor prognosis, suggesting that these two genes interact and enhance simi-

lar biological processes in tumor suppression. 

1.5.2.4 Other affected signaling pathways  
MGA 
MGA is a transcription factor with double specificity that holds a DNA binding 

motif of the T-domain. Its main function is to inhibit the MYC proto-oncogene, 

which promotes oncogenesis via cell growth and proliferation. Moreover, MGA 

achieves the inactivation of MYC by heterodimerization with MAX, a known acti-

vator of MYC 146. Recent reports of somatic mutations in MGA that lead to loss of 

MYC function have been reported in small cell lung cancer 147 and colorectal can-

cer 148. Most interestingly, chronic lymphocytic leukemia (CLL) and ENKTCL also 

show MGA mutations, but with low frequency 149. For CLL, the frequency is about 

5.4%, while for ENKTCL it is 8% of the cases reported in Japanese and Chinese 

cohorts 92,93.   

  

MSN 
Moesin (MSN), a spike protein that organizes membrane extension, is expressed 

in membrane protrusions and participates in maintaining cytoskeleton and cell 

movement 150. MSN is a member of the ezrin radixin-moesin (ERM) family that 

act as crosslinkers between the cellular actin filaments and the plasma mem-

brane, which in turn interacts with different proteins and adhesion molecules and 

acts as a molecular signal transducer within the cells. Moreover, MSN shows 

strong expression in hematopoietic tissues and endothelial cells suggesting par-

ticipation in the invasion of neoplastic cells 151-153.  Although recurrent MSN mu-

tations are reported in ENKTCL, their biological significance is still unclear. 

1.6 Therapy and Prognosis 
The 5-year progression-free survival (PFS) and overall survival (OS) rates in 

ENKTCL range from 60 to 85% and 64 to 89% respectively, showing a relatively 

poor prognosis in comparison to other localized non-Hodgkin lymphomas. 

ENKTCL in the nasal region is regularly diagnosed in stages I-II of the disease 

and requires simultaneous or sequential chemotherapy and/or local radiotherapy. 
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This approach presents an overall response of 80 to 90%. In contrast, extranasal 

lymphomas are often diagnosed in stages III-IV of the disease and require sys-

temic chemotherapy, habitually based on L-asparaginase containing regimens 
154-159. The recent development of new treatment approaches avoiding anthracy-

clines and favoring the use of combined therapy containing platinum or l-aspara-

ginase has contributed to improved prognosis. However, almost half of the pa-

tients experience disease progression and the reported 5-year survival rate is still 

low (40-60%), especially for extranasal cases 6,160-162. Therefore, new treatments 

are needed for the group of patients with poor prognosis and can also be benefi-

cial as a first line of therapy for the prevention of relapses to improve the progno-

sis of these patients. 

 
As stated in this introduction, there is little knowledge about the mutation land-

scape of ENKTCL in Latin American populations and the pathways associated 

with it. The main objective of this study is to examine the landscape of mutations 

in a series of ENKTCL cases collected in three Latin American countries (Mexico, 

Peru and Argentina) and compare it with the information available from the Asian 

cohorts. A secondary goal of this research is to learn more about the role of EBV 

strain and LMP1 gene status in the pathogenesis of ENKTCL by analyzing its 

distribution and its clinical correlation. 
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2. Material and methods 

2.1 Material 

2.1.1 Patients, clinical data  
As a cooperation from the Latin American society of Hematopathology, 135 cases 

previously diagnosed as ENKTCL were retrospectively collected from six national 

cancer reference centers, including Instituto Nacional de Cancerologia (Mexico 

City, Mexico), Instituto Nacional de Enfermedades Neoplasicas (Lima, Peru), De-

partment of Pathology, Hospital Ángel C. Padilla (San Miguel Tucumán, Argen-

tina), Instituto de Oncología Ángel H. Roffo (Buenos Aires, Argentina), Hospital 

Italiano de Buenos Aires (Buenos Aires, Argentina), and Instituto de Investi-

gaciones Hematologicas (Buenos Aires, Argentina). The clinical data were re-

trieved by a certified hematologist from each reference center. Variables were 

analyzed at the time of the diagnosis including age, sex, previous medical history, 

presentation, disease extent, staging, B symptoms, International Prognostic In-

dex (IPI) score, Eastern Cooperative Oncology Group (ECOG) performance sta-

tus, treatment, and follow-up. The OS was evaluated from the date of diagnosis 

to 1-year or 5-year, or the last follow up. This work was carried out under the 

Declaration of Helsinki guidelines and was approved by the local Ethical Review 

Committee of the contributing institutions and Tubingen Ethical Committee 

(780/2016B02) 163.  

2.1.2 Biopsies 
Diagnostic ENKTCL biopsies from the last 15 years were collected at the refer-

ence institutes and sent to the Institute of Pathology and Neuropathology of the 

University of Tübingen. To confirm the previous diagnoses, all biopsies were re-

viewed by two pathologists (Ivonne Aidee Montes-Mojarro and Bo-Jung Chen) 

and a reference hematopathologist (Prof. Leticia Quintanilla-Martinez) following 

the criteria of the 2017 World Health Organization (WHO) Classification of Tu-

mours of Hematopoietic and Lymphoid Tissues. Morphological criteria, IHC 
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stains (CD3 and CD56) and in situ hybridization using oligonucleotides comple-

mentary to EBER were assessed in formalin-fixed, paraffin-embedded (FFPE) 

tissue (Table 8) 163. 

2.1.3 Equipment 
Table 6. Equipment 

Equipment Company 
Automated Immunostainer Ventana Medical Systems 
Axiostar Plus Microscope Zeiss 
Centrifuge/Vortex Combi-Spin FVL2400 Peqlab 
Vortexer Biozym 
GeneAmp PCR System 9700 Applied Biosystems 
Gel chamber  Peqlab  
Gel documentation system CN-300-WL/LC Peqlab 
Ion OneTouch ES Thermofisher scientific 
Ion Torrent PGM Thermofisher scientific 
LightCycler 480 Roche 
Magnetplatte Agencourt SPRIPlate 96R ring Beckman Coulter 
Maxwell 16 MDx Research Instrument Promega 
Microtom Microm International GmbH 
Pipetten  Gilson, Eppendorf 
Qubit® Fluorometer 3.0 Thermofisher scientific 
Thermo Cycler Applied Biosystems 

2.1.4 Kits 
Table 7. Kits 

Kits Manufacturer 
DNA isolation and quantification  
Maxwell 16 LEV Cartrigde Rack Promega 
Maxwell 16 FFPE Plus LEV DNA Purification Kit: Promega 
Qubit® dsDNA HS Assay Kit Thermofisher scientific 
Sequencing  
Ion AmpliSeq Library Kit 2.0 Thermofisher scientific 
Ion Xpress Barcode Adapters Kit Thermofisher scientific 
Ion Library Quantitation Kit Thermofisher scientific 
Ion PGM Template Kit Thermofisher scientific 
Ion PGM Sequencing Kit Thermofisher scientific 
Ion Sphere Quality Control Kit Thermofisher scientific 
Ion 318 Chip Kit V2 Thermofisher scientific 
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ISH  
 iVIEW Blue Detection Kit Ventana 

 

2.1.5 Antibodies 
Table 8. Antibodies 
Antibody Clone Company 
CD3 2FGV6 Roche 
CD30 Ber-H2 Dako 
CD56 
 

MRQ-42 Menarini 
P53  DO-7 Novocastra 
P-STAT3 Y705 Cell signaling 
         Probe ISH  
EBV-ISH INFORM EBER # 800-2842  

2.1.6 Reagents 
 
Table 9. Reagents 
Reagent Company 
Electrophoresis  
GelRed Nucleic Acid Stain Biotium 
LE-Agarose Lonza  
6x Loading Buffer Thermofisher scientific 

 TBE Buffer (Tris, Oric acid, EDTA) Sigma-Aldrich /Merck /AppliChem 
Gene ruler 50 bp  Thermofisher scientific 
Gene ruler 100 bp  Thermofisher scientific 
EBV-ISH  
ISH counterstain II Ventana 
ISH Protease 1 Ventana 
PCR  
dNTPs  Fermentas 
AmpliTaq Gold DNA Polymerase  Thermofisher scientific 

 Dnase/Rnase Free Gibco 
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2.1.7 Primers 
Table 10. Primers 
ID 5 to 3” 

Primers to determine the amplifiable DNA length 164 

AF4/X3U GGAGCAGCATTCCATCCAGC 

AF4/X3L CATCCATGGGCCGGACATAA 

AF4/X11U CCGCAGCAAGCAACGAACC 

AF4/X11L GCTTTCCTCTGGCGGCTCC 

PLZF/X1U TGCGATGTGGTCATCATGGTG 

PLZF/X1L CGTGTCATTGTCGTCTGAGGC 

RAG1/X2U TGTTGACTCGATCCACCCCA 

RAG1/X2L TGAGCTGCAAGTTTGGCTGAA 

Primers to characterize EBV strain 165 

EBNA2_forward AGGCTGCCCACCCTGAGGAT 

EBNA2_reverse GCCACCTGGCAGCCCTAAAG 

LMP1_forward CGGAGGAGGTGGAAAACAA 

LMP1_reverse GTGGGGGTCGTCATCATCTC 

 
Sequencing primers to perform the variant validation using fusion method 
 
Primers design was performed using Primer 3 free available online software (v. 0.4.0). 

Oligonucleotides were subsequently synthetized by Sigma-Aldrich with the following 

specifications:  desalt purification and 0.025 μmol concentrations. Subsequent dilu-

tion with distilled water was performed to reach a final stock concentration of 100µM.  

 
DDX3X_G36E_A_BC96_F CCATCTCATCCCTGCGTGTCTCCGACTCAGTTAAGCGGTCGAT

CAGAAATTTAAATGGGAAGGTTTTT 
DDX3X_G36E_A_BC96_R CCATCTCATCCCTGCGTGTCTCCGACTCAGTTAAGCGGTCGAT

CGGTTCCTTAAATGAGGAGGA 
DDX3X_G36E_TRP1_F CCTCTCTATGGGCAGTCGGTGATCAGAAATTTAAATGGGAAGG

TTTTT 
DDX3X_G36E_TRP1_R CCTCTCTATGGGCAGTCGGTGATCGGTTCCTTAAATGAGGAGG

A 
MSN_E395K_A_BC95_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCGGACAGATCGAT

TGGAAGAACAGACCCGTAGG 
MSN_E395K_A_BC95_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCGGACAGATCGAT

TCAGCTTCTTGACGCTCCTT 
MSN_E395K_TRP1_F CCTCTCTATGGGCAGTCGGTGATTGGAAGAACAGACCCGTAGG 

MSN_E395K_TRP1_R CCTCTCTATGGGCAGTCGGTGATTCAGCTTCTTGACGCTCCTT 



Material and Methods 

[29] 
 

 

STAT5B_G719E_A_BC94_F CCATCTCATCCCTGCGTGTCTCCGACTCAGTCCGACAAGCGAT
GCTCTGTTCTCTTCCTTCTGC 

STAT5B_G719E_A_BC94_R CCATCTCATCCCTGCGTGTCTCCGACTCAGTCCGACAAGCGAT
CCCACAAGAATGCCACCTAC 

STAT5B_G719E_TRP1_F CCTCTCTATGGGCAGTCGGTGATGCTCTGTTCTCTTCCTTCTGC 

STAT5B_G719E_TRP1_R CCTCTCTATGGGCAGTCGGTGATCCCACAAGAATGCCACCTAC 

BCOR_A1521T_A_BC93_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTGTCCAATCGAT
TGCATGAAGCTTGTGCTAGG 

BCOR_A1521T_A_BC93_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTGTCCAATCGAT
CCATCCTGGGCACTACAGTT 

BCOR_A1521T_TRP1_F CCTCTCTATGGGCAGTCGGTGATTGCATGAAGCTTGTGCTAGG 

BCOR_A1521T_TRP1_R CCTCTCTATGGGCAGTCGGTGATCCATCCTGGGCACTACAGTT 

BCOR_K922*_A_BC92_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCTAGGAACCGCGA
TTGTTCTGGCAGGTACCAACA 

BCOR_K922*_A_BC92_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCTAGGAACCGCGA
TTTTGGTATAGGTGGGGGTCA 

BCOR_K922*_TRP1_F CCTCTCTATGGGCAGTCGGTGATTGTTCTGGCAGGTACCAACA 

BCOR_K922*_TRP1_R CCTCTCTATGGGCAGTCGGTGATTTTGGTATAGGTGGGGGTCA 

BCOR_E481K_A_BC91_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCGGAAGGATGCGA
TAGGGCTGGAAGTGGCTTAGT 

BCOR_E481K_A_BC91_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCGGAAGGATGCGA
TTTTTCAGCGACATGCTTTTG 

BCOR_E481K_TRP1_F CCTCTCTATGGGCAGTCGGTGATAGGGCTGGAAGTGGCTTAGT 

BCOR_E481K_TRP1_R CCTCTCTATGGGCAGTCGGTGATTTTTCAGCGACATGCTTTTG 

BCOR_G723D_A_BC90_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCTAACCACGGCGA
TCCGTCCAGAGTTTGTGACCT 

BCOR_G723D_A_BC90_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCTAACCACGGCGA
TAATCTCGGAAAACCGATTCC 

BCOR_G723D_TRP1_F CCTCTCTATGGGCAGTCGGTGATCCGTCCAGAGTTTGTGACCT 

BCOR_G723D_TRP1_R CCTCTCTATGGGCAGTCGGTGATAATCTCGGAAAACCGATTCC 

BCOR_H281Y_A_BC89_F CCATCTCATCCCTGCGTGTCTCCGACTCAGTCCTGAATCTCGAT
TTCTCCAGTCTGCACCAATG 

BCOR_H281Y_A_BC89_R CCATCTCATCCCTGCGTGTCTCCGACTCAGTCCTGAATCTCGAT
ATCTTCCACGGGAGGCTTT 

BCOR_H281Y_TRP1_F CCTCTCTATGGGCAGTCGGTGATTTCTCCAGTCTGCACCAATG 

BCOR_H281Y_TRP1_R CCTCTCTATGGGCAGTCGGTGATATCTTCCACGGGAGGCTTT 

DDX3X_A170T_A_BC88_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCCGAACACTTCGA
TTGGAGGCAACACTGGGTT 

DDX3X_A170T_A_BC88_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCCGAACACTTCGA
TATGTGGAGGACAGTTGTTGC 

DDX3X_A170T_TRP1_F CCTCTCTATGGGCAGTCGGTGATTGGAGGCAACACTGGGATTA 

DDX3X_A170T_TRP1_R CCTCTCTATGGGCAGTCGGTGATATGTGGAGGACAGTTGTTGC 

MGA_S1706F_A_BC87_F CCATCTCATCCCTGCGTGTCTCCGACTCAGTTGGCTGGACGAT
TGGCTTCAGTTGCTTTTCCT 

MGA_S1706F_A_BC87_R CCATCTCATCCCTGCGTGTCTCCGACTCAGTTGGCTGGACGAT
CTCACTGGTGGACTCCCATT 

MGA_S1706F_TRP1_F CCTCTCTATGGGCAGTCGGTGATTGGCTTCAGTTGCTTTTCCT 

MGA_S1706F_TRP1_R CCTCTCTATGGGCAGTCGGTGATCTCACTGGTGGACTCCCATT 

STAT5B_D727N_A_BC86_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTGGTTATTCGAT
CTTCTGCAGGTTTGTGAACG 
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STAT5B_D727N_A_BC86_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTGGTTATTCGAT
CCCACAAGAATGCCACCTAC 

STAT5B_D727N_TRP1_F CCTCTCTATGGGCAGTCGGTGATCTTCTGCAGGTTTGTGAACG 

STAT5B_D727N_TRP1_R CCTCTCTATGGGCAGTCGGTGATCCCACAAGAATGCCACCTAC 

STAT3_E696K_A_BC85_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCCAGCCTCAACGA
TCTGACATTCCCAAGGAGGAG 

STAT3_E696K_A_BC85_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCCAGCCTCAACGA
TGCCAGGAACATGGAAAATCA 

STAT3_E696K_TRP1_F CCTCTCTATGGGCAGTCGGTGATCTGACATTCCCAAGGAGGAG 

STAT3_E696K_TRP1_R CCTCTCTATGGGCAGTCGGTGATGCCAGGAACATGGAAAATCA 

MGA_E525K_A_BC84_F CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTCCATAACGATC
CAATGAGACTGCCTTCTGC 

MGA_E525K_A_BC84_R CCATCTCATCCCTGCGTGTCTCCGACTCAGCTTCCATAACGATT
TTCCACTGAGGCTCTTTCAG 

MGA_E525K_TRP1_F CCTCTCTATGGGCAGTCGGTGATCCAATGAGACTGCCTTCTGC 

MGA_E525K_TRP1_R CCTCTCTATGGGCAGTCGGTGATTTTCCACTGAGGCTCTTTCAG 
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2.1.8 Softwares 
Table 11. Software and online tools 

Equipment Company 
Primer3web (Version 4.1.0) Whitehead Institute for Biomedical Research 
Ion AmpliSeq™ Designer (Version 7.4.3) Thermofisher scientific 

Torrent Suite™ Software (Version 5.1) Thermofisher scientific 

Integrative Genomics Viewer (Version 2.3) Broad Institute 

Ensembl WTSI / EBI 

Exome Variant Server NHLBI GO ESP 

COSMIC (Catalogue of somatic mutations 

in cancer) 

Welcome Trust Sanger Institute 

Universal Protein Resource (UniProt) 

 

European Bioinformatics Institute (EMBL-EBI), 

the SIB Swiss Institute of Bioinformatics and 

the Protein Information Resource (PIR)  

 

Microsoft Office Microsoft 

EndNote X9 Thomson Reuters 

  

https://www.ebi.ac.uk/
https://www.sib.swiss/
http://pir.georgetown.edu/
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2.2 Methods 

2.2.1 Workflow of the study.  
ENKTCL cases were reviewed under the microscope (Axiostar Plus Microscope, 

Zeiss) and tumor cell content was assessed taking in account EBER and CD56 

immunostaining. The integrity and quantity of extracted DNA was analyzed and 

then NGS was performed using a customized AmpliSeq panel designed to se-

quence the most frequently mutated genes in Asian ENKTCL (Figure 3).  

 

 
 
Figure 3. Overview of the main steps in the targeted Next Generation Sequencing 
workflow performed in this study. 
H&E: Hematoxylin and eosin stain; CD56: NKT-cell marker immunohistochemistry; EBER: in 
situ hybridization for Epstein-Barr virus. 

2.2.2 Immunohistochemistry and ISH 
On a rotating microtome (Microm International GmbH) the FFPE tissue sections 

were cut to a thickness of 2.5 µm. The IHC was performed on a Ventana Bench-

mark Ultra according to the protocol specified by the manufacturer (Roche Tissue 

Diagnostics). The following antibodies were used in order to corroborate the di-

agnosis CD3 (2FGV6, Roche), CD56 (MRQ-42, Menarini), CD30 (Ber-H2, Dako). 

Additional antibodies were used to confirm gene mutational status p-STAT3 

(Y705 Cell signalling) and TP53 (DO-7, Novocastra) (Table 5). 

EBV- in situ hybridization (EBV-ISH) was done using the iVIEW Blue Detection 

Kit, the INFORM EBER probe and the ISH counterstain (Red Counterstain II) 

according to manufacturer’s protocol, after ISH-protease I treatment.  

2.2.3 Quantitative and qualitative DNA analysis 
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Tumor DNA was extracted using the Maxwell 16 FFPE plus LEV DNA Purification 

Kit according to the manufacturer’s instructions. 10 sections of 5 μm thickness 

where cut from the FFPE tissue and the DNA was digested using proteinase K 

(20mg/ml) overnight at 70°C. Clean up of DNA was done using the Maxwell 16 

platform and the “DNA isolation from FFPE tissue” program. DNA quantification 

was assessed on all samples by Qubit fluorescence plate reader using HS Assay 

Kit (Thermofisher) according to the manufacturer´s protocol.  

2.2.4 Qualitative DNA analysis  
Processing of FFPE tissue leads to DNA fragmentation and degradation. There-

fore, qualitative PCR was performed to evaluate the length of the DNA fragments 

and determine if they remained sufficiently in length to be sequenced with the 

intended panel (Table 12). DNA quality was assessed by quality Polymerase 

Chain Reaction (PCR) using the modified protocol from Van Dongen et al 164 to 

estimate their amplifiable DNA length fragments. 
Table 12. PCR reagents of the qualitative-PCR 

Reagent Final concentration Volume (µl) 

ddH2O  to 25  

10x Buffer without MgCl2 1x 2,5 

25 mM MgCl2 2mM 2 

5 µM dNTPs 0,2 µM 0,5 
Primer mix (forward and re-

verse) 

 2 

AmpliTaq Gold  0,04 U/ µl 0,3 

DNA (50 ng/µl) 100 ng/ µl 2 

Total volume  25 

Primer mix Final concentration  
AF4/X3U und AF4/X3L 2.5 pmol  

AF4/X11U und AF4/X11L 1.25 pmol  

PLZF/X1U und PLZF/X1L 1.25 pmol  

RAG1/X2U und RAG1/X2L 1.25 pmol  

TBXAS1/X9U und 

TBXAS1/X9L 

1.25 pmol  
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PCR was performed in a thermocycler (Table 13). Electrophoresis was carried 

out with 10 µl of the PCR product accompanied by 100 bp DNA ladder in 2% 

Agarose gel (ME Agarose, TBE Buffer 1x) at 140 Volts for 40 minutes. DNA was 

visible by gel-red staining. Gel documentation was performed using UV-Light to 

visualize the DNA (CN-300-WL/LC, Peqlab). Cases were considered for future 

analysis if at least 200 bp were amplifiable.  

 
Table 13. Thermocycler parameters of the qualitative-PCR  
 

Program Thermocycler 

95°C 7’ 
35 cycles 

95°C 45’’ 
60°C 45 ‘’ 
72°C 1’ 
72°C 4´ 
4°C hold 

  
 

2.2.5 Next generation sequencing 
NGS analysis using targeted sequencing was performed on the Ion Torrent PGM 

(Thermo Fisher Scientific, South San Francisco, CA, USA). From 135 cases col-

lected only 71 ENKTCL cases were sequenced, since 64 cases had maximum 

amplifiable DNA fragments below 200 bp or low amount of tumour DNA with ex-

tensive necrosis. Therefore these 64 cases were not sequenced to avoid se-

quencing artefacts. Targeted sequencing was performed using a designed Ion 

AmpliSeq™ custom panel of 27.43 kb (Table 14) designed with the Ion AmpliSeq 

Designer software from Thermo Fisher Scientific (version 3.4). This panel cov-

ered eight of the most frequently mutated genes found in the previous Asian co-

horts in patients diagnosed with ENKTCL 90,92,117.  

 
Table 14. Overview of the designed Ion AmpliSeq Custom Panel (27.43 kb) 

Gene sym-
bol 

Position Exon (s) Amplicons 

STAT3 chr17: 40475270 - 40475375  
chr17: 40475020 - 40475165   
chr17 :40474280 - 40474520   
chr17:40469195 - 40469245   

19 
20 
21 
22 

1 (105 bp) 
2 (145 bp) 
3 (240 bp) 
1 (50 bp) 

STAT5B chr17:40362415 - 40362520  
chr17:40362185 - 40362320 

14 
15 

2 (105 bp) 
2 (135 bp) 
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chr17:40359570 - 40359750   
chr17:40354770 - 40354830   
chr17:40354430 - 40354470   

16 
17 
18 

3 (180 bp) 
1 (60 bp) 
1 (40 bp) 

JAK3 chr19 :17948000 - 17948015   
chr19 :17945690 - 17945700   

13 
16 

1 (15 bp) 
1 (10 bp) 

DDX3X chrX:41196655 - 41196723   
chrX:41206887 - 41206977   
chrX:41202984 - 41203080 
chrX:41201984 - 41202094 
chrX:41206106 - 41206270 
chrX:41205752 - 41205880 
chrX:41204651 - 41204806 
chrX:41206559 - 41206709 
chrX:41205476 - 41205668 
chrX:41202463 - 41202609 
chrX:41201742 - 41201911 
chrX:41203277 - 41203386 
chrX:41193500- 41193555 
chrX:41198283- 41198341 
chrX:41203486 - 41203657 
chrX:41204427 - 41204582 
chrX:41206562 - 41206709 
chrX:41200731- 41200874 

2 
17 
8 
6 
15 
14 
12 
16 
13 
7 
5 
9 
1 
3 
10 
11 
16 
4 

1 (68 bp) 
2 (90 bp) 
2 (96 bp) 
2 (110 bp) 
2 (164 bp) 
2 (128 bp) 
2 (155 bp) 
2 (150 bp) 
3 (192 bp) 
2 (146 bp) 
3(169 bp) 
2 (109 bp) 
1 (55 bp) 
2 (58 bp) 
3 (171 bp) 
3 (155 bp) 
2 (147 bp) 
3 (143 bp) 

TP53* chr17:7577013 - 7577160 
chr17:7573921 - 7574038 
chr17:7576619- 7576662 
chr17:7576531 - 7576589 
chr17:7579694- 7579726 
chr17:7572921- 7573013 
chr17:7579306- 7579574 
chr17:7579306- 7579595 
chr17:7578365- 7578559 
chr17:7578365- 7578457 
chr17:7576847- 7576931 
chr17:7579833- 7579917 
chr17:7578171- 7578294 
chr17:7577493- 7577613 
chr17:7578365- 7578538 

8 
10 
10 
10 
3 
11 
4 
4 
5 
5 
9 
2 
6 
7 
5 

3 (147 bp) 
2 (117 bp)  
1 (43 bp) 
1 (58 bp) 
0 (32 bp) 
2 (92 bp) 
3 (268 bp) 
4 (289 bp) 
2 (194 bp) 
2 (92 bp) 
1 (84 bp) 
2 (84 bp) 
2 (123 bp) 
2 (120 bp) 
2 (173 bp) 

MGA* chr15:41961087 - 41962161 
chr15:41999920 - 42000062 
chr15:42057078 - 42057265 
chr15:42019372 - 42019609 
chr15:42054321 - 42054565 
chr15:42026714 - 42026797 
chr15:42005343 - 42005699 
chr15:42032245 - 42032406 
chr15:42021356 - 42021552 
chr15:42028373 - 42028901 
chr15:41991256 - 41991362 
chr15:42058196 - 42059483 
chr15:42002883 - 42003552 
chr15:42041303 - 42042818 
chr15:41991055 - 41991144 
chr15:42000296 - 42000411 
chr15:42049980 - 42050042 
chr15:42046629 - 42046770 
chr15:42040829 - 42041130 
chr15:42053931 - 42054053 

2 
6 
23 
10 
22 
12 
9 
14 
11 
13 
5 
24 
8 
17 
4 
7 
19 
18 
16 
21 

11 (1074 bp) 
3 (142 bp) 
2 (187 bp) 
3 (237 bp) 
3 (244 bp) 
2 (83 bp) 
4 (356 bp) 
2 (161 bp) 
3 (196 bp) 
6 (528 bp) 
2 (106 bp) 
13 (1287 bp) 
7 (669 bp) 
15 (1515 bp) 
2 (89 bp) 
2 (115 bp) 
2 (62 bp) 
2 (141 bp) 
3 (301 bp)  
2 (122 bp)  
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chr15:41988267 - 41989226 
chr15:42034738 - 42035375 
chr15:42052515 - 42052732 

3 
15 
20 

11 (959 bp) 
7 (637 bp) 
3 (217 bp) 

MSN* chrX:64958826 - 64959061 
chrX:64936674 - 64936768 
chrX:64951694 - 64951851 
chrX:64887703 - 64887725 
chrX:64953040 - 64953147 
chrX:64949294 - 64949579 
chrX:64950963 - 64951057 
chrX:64958381 - 64958484 
chrX:64955123 - 64955297 
chrX:64956651 - 64956792 
chrX:64959585 - 64959760 
chrX:64947670 - 64947776 
chrX:64957034 - 64957205 

12 
2 
6 
1 
7 
4 
5 
11 
8 
9 
13 
3 
10 

4 (235 bp) 
1 (94 bp) 
2 (157 bp) 
1 (22 bp) 
1 (107 bp) 
3 (285 bp) 
1 (94 bp) 
2 (103 bp) 
2 (174 bp) 
2 (141 bp) 
2 (175 bp) 
2 (106 bp) 
2 (171 bp) 

BCOR chrX:39922855- 39923108 
chrX:39914615- 39914771 
chrX:39930220- 39930417 
chrX:39923583- 39923857 
chrX:39935701- 39935790 
chrX:39921993 - 39922329 
chrX:39911356- 39911658 
chrX:39922855- 39923210 
chrX:39921386- 39921651 
chrX:39913133 -39913300 
chrX:39937091- 39937187 
chrX:39931596- 39934438 
chrX:39930884- 39930948 
chrX:39913503- 39913591 
chrX:39916402- 39916579 

8 
12 
6 
7 
3 
9 
15 
8 
10 
14 
2 
4 
5 
13 
11 

3 (253 bp) 
2 (156 bp) 
3 (197 bp) 
3 (274 bp) 
1 (89 bp) 
5 (336 bp) 
3 (302 bp) 
4 (355 bp) 
3 (265 bp) 
2 (167 bp) 
2 (96 bp) 
30 (2842 bp) 
2 (64 bp)  
1 (88 bp) 
3 (177 bp) 

* All complete sequence by primer design is covered except 575 base pairs due to sequence 

specific incompatibility 163 

 

Targeted sequencing was performed according to the manufacturer’s protocol. 

Genes of interest were amplified with the designed AmpliSeq Custom Panel pri-

mers. Libraries were constructed using the Ion AmpliSeq Library Kit (V2.0). and 

quantified by real-time qPCR using the Library Quantitation Kit on the LightCycler 

480. Amplicons were diluted to a 5 pm concentration and pooled for the sequenc-

ing. Clonal amplification took place on the Ion OneTouch instrument using Ion 

Sphere particles that were subsequently enriched on the Ion OneTouch ES and 

loaded on a semiconductor chip for sequencing on the Ion Torrent PGM. The 

sequencing data generated in every run was routinely uploaded to the Ion Tor-

rent™ server which converts raw data into base calls to analyse the genetic infor-

mation with a specific algorithm. The Ion Torrent Suite software (V 5.12.0) outputs 

the data in FASTQ, VCF and BAM formats for downstream further analysis. 
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Variant calling was performed using the Ion Reporter software (Thermo Fisher 

Scientific). Each obtained variant was analysed in the program Integrative Ge-

nomics Viewer (IGV, Broad Institute), to exclude panel specific or sequencing 

artefacts and confirm the veracity of the mutations. Nucleotide variants were fil-

tered according to variant effect, variant allele frequency (VAF) and coverage. 

Only missense, frameshift, nonsense, insertions or deletions variants with a VAF 

above 5% were taken in account for further analysis. Single nucleotide variants 

(SNVs) were verified to rule out single nucleotide polymorphisms (SNPs) in ac-

cordance with known SNPs database such as Exome Variant Server, Clinically 

Associated Human Variations of the National Center for Biotechnology Infor-

mation (NCBI) VarSome and Ensembl. To assess and confirm our presumed mu-

tations, we compared our results with the updated literature using freely available 

databases such as NCBI and the Catalogue of Somatic Mutations in Cancer 

(COSMIC) and Varsome. Frameshift mutations, nonsense mutations and inser-

tions or deletions were considered as pathogenic variants. Missense alterations 

were evaluated using the prediction tools “sorting intolerant from tolerant” (SIFT) 

and “polymorphism phenotyping” (PolyPhen2). Alterations were considered as 

pathogenic when predicted by at least one of these tools. 

VAFs below 10% and not reported previously in the literature were validated on 

the Ion Torrent using a targeted resequencing approach with the Ion Amplicon 

Library Preparation kit (Fusion Method) (Life Technologies). This method allows 

the amplification of short amplicons (<150 bp) by PCR, using two fusion primers 

to attach the amplicons to the adapters, Ion A and truncated P1 (trP1). Design of 

the primers to confirm specific mutations was carried out with the freely available 

online program Primer3web (version 4.0.0). Amplicons were also diluted to 5 pM 

and pooled for the sequencing. The subsequent workflow is like the workflow 

described above for the Ion Torrent PGM.  

2.2.6 Correlation of the protein status with the mutational status. 
In order to investigate the impact of the mutation at protein level, correlation of 

the mutational status with IHC was performed. Cases with p-STAT3 mutation and 

wild-type controls (three cases) were stained using phosphorylated STAT3 anti-

body (Y705, Cell Signalling). On the other hand, cases with TP53 mutations and 
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three representative wild-type controls were stained using TP53 (DO-7, Novo-

castra). The intensity and percentage of overexpression of p53 by IHQ was cor-

related with TP53 mutational status, which is expected to be strong and homog-

enous in mutated cases. The VAF correlated with the percentage and intensity of 

the immunostainings. 

2.2.6 Analysis of EBV strain and the 30 bp LMP1 deletion using PCR. 
To study the EBV strain carried in these cases, PCR analysis for EBV A and B 

strain typing was performed, as previously reported by Kingma et al. 1996 69. 

Primers flanking a region of the EBNA2 gene differing between type A and EBV 

type B were used. In addition, to identify the 30 bp LMP1 gene deletion PCR 

reactions were carried out using primers flanking the characteristic 30 bp dele-

tion. All reactions were performed in duplicates using 20 ng DNA, accompanied 

by a positive and negative control (Table 15). 
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Table 15.  PCR reagents for the EBV strain and LMP1 variant analysis 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
PCR was performed in a thermocycler (Table 16). Electrophoresis was carried 

out with 20 µl of the PCR product accompanied by 50 bp DNA ladder in 3% Aga-

rose gel (ME Agarose, TBE Buffer 1x) at 80 Volts during 2 and 3 hours, according 

to the size of the product.  

 
Table 16. Thermocycler parameters for the EBV strain analysis 

Program Thermocycler 

94°C 5’ 
42 cycles (EBV), 45 cycles (LMP1) 

94°C 1’ 
56°C 30 ‘’ 
72°C 30 ‘’ 
72°C 7´ 
94°C 5’ 
4°C hold 

 

DNA was visualized by gel-red staining. Photos were taken in the gel documen-

tation system (CN-300-WL/LC, Peqlab). Cases with expected fragments of 168 

bp were interpreted as EBV strain A and fragments with 184 bp product length 

were interpreted as EBV strain B. On the other hand, cases rendering a 161 bp 

product for wild-type LMP1 and 131 bp for the deletion variant.  

 

 

 

Reagent Final concentration 
Reagent Final concentration Volume (µl) 
ddH2O  37 

10x Buffer with 
MgCl2 1x/1,5mM 5 

dNTPs 0,2 mM 1 
Primer Table 10 

(Forward)  10 µM 1 

Primer Table 10 
 (Reverse) 10 µM 1 

Ampli Taq Gold 5U/µL 1 
DNA (5ng/µl) 20 ng 4 
Final volume  50 
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2.2.7 Statistical analysis 
Descriptive analysis was performed; categorical variables were described using 

absolute and relative frequency. Numerical variables were described as means 

and standard deviation or, medians and interquartile ranges (IQR) according to 

the distribution of their data. Normality of the distribution was assessed by inves-

tigating kurtosis, skewness as well as QQ graphs, box plots and histograms. 

When comparing patient groups, categorical variables were compared using X2 

tests of Fisher exact test. Continuous variables were compared using independ-

ent samples t-test for normally distributed data or Mann Whitney test for non-

normally distribute data.  

Bivariate analysis to check differences between groups was performed. X2 test 

of Fisher´s exact test for categorical variables was used. Independent samples t-

test were used to compare quantitative variables that were normally distributed, 

whereas Mann-Whitney test were used to evaluated skewed variables.  

The effect of the different clinicopathological variants including mutational status 

and EBV strain on OS was evaluated using the Kaplan Meier curve and com-

pared using the statistic Log-rank test. The association of covariates with the re-

sults time to disease-related death was estimated by the Cox proportional hazard 

(PH) models. In this model, the expCoef gives the estimated Hazard Ratio for the 

effect of each variable. The method of estimation used to obtain the coefficient 

for each model was the maximum likelihood estimation (ML). Crude Hazard ratios 

and 95% confidence intervals (CI) and p-values were calculated. Patients for 

whom the event had not occurred (patients that survived along the follow up) 

were treated as censored observations. All statistical tests were 2 tailed and the 

significance level was set at p<0.05. All statistical analysis was performed using 

IBM SPSS software, version 24 (Armonik, NY: IBM Corp)
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3. Results  
 
In total, 71 ENKTCL cases, recollected from three different centers in Latin Amer-

ica (42 from Mexico, 27 from Peru and 12 from Argentina), were studied. All cases 

were evaluated by three qualified pathologists and met the diagnostic criteria for 

ENKTCL according to the WHO classification 2017. The DNA integrity was above 

200 bp and DNA quantity was at least 200 ng in order to perform all subsequent 

sequencing and EBV characterization analysis. 

3.1 Clinical features of ENKTL in Latin America 
Most of the NKTCL cases collected in this cohort (58/71 cases, 89%) showed 

nasal involvement, as it is typical of this lymphoma, while only few cases (7/71 

cases, 11%) presented extranasal involvement including the stomach (1 case), 

small intestine (2 cases), vulva (1 case), lungs (1 case), submandibular soft tis-

sue (1 case) and lymph nodes associated with extranodal systemic spread (1 

case). Males were more commonly affected, the male-to-female ratio was 1.8 

and the median age of the patients at the time of diagnosis was 40 years (range, 

14-83 years). Although the most common symptoms in this lymphoma are related 

to nasal obstruction, in this series more common symptoms reported were night 

sweats, fever and weight loss. Indeed, two-thirds (34/71, 67%) of the cases pre-

sented B symptoms and elevated LDH. The performance status of the ECOG 

was 0-1 in 31/71 (61%) of cases, which in most cases correlated with a low Inter-

national Prognostic Index (IPI 0-2) indicating an early stage of the disease. Treat-

ment was variable in each case; half of the cases (26/50, 52%) received chemo-

therapy with concomitant local radiotherapy, whereas the other half (20/50, 28%) 

received chemotherapy or radiotherapy alone. Four patients did not receive any 

treatment due to low family income or advanced stage of the disease. To evaluate 

the prognosis of the patients and correlate it with the clinical and mutation analy-

sis, follow-up after 1 and 5 years were investigated; however, this was only avail-

able for 51 patients. At 5 year follow up, 25/51 (49%) patients were dead of dis-

ease (DOD), 18/51 (33%) patients were alive but with disease (AWD) and 8/51 
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(16%) patients were alive with no evidence of disease (NED). The median sur-

vival time was 29.47 months (range, 0-60 months). The 1-year and 5-year sur-

vival rates were 57% and 51%, respectively All clinical data are summarized in 

table 17 163.  
Table 17. Clinical data and outcome of extranodal NK/T-cell lymphoma patients 
in Latin America 

 Total (n = 71) 
Median age (range) 40 (14-83) 

Gender (n = 62)  
  Male 40 (65%) 

  Female 22 (35%) 
  M:F ratio 2:1 

Site of involvement (n = 65)  
  Nasal 58 (89%) 

  Extranasal   7 (11%) 
B symptoms (n = 51) 34 (67%) 

LDH elevation (n = 51) 34 (67%) 
ECOG (n = 51)  

  0-1 31 (61%) 
  2-5 20 (39%) 

IPI score (n = 49)  
  0-2 37 (76%) 
  3-5 12 (24%) 

Therapy (n = 50)  
  Combined chemoradiotherapy  26 (52%) 

  Chemotherapy alone 10 (20%) 
  Radiotherapy alone 10 (20%) 

  No therapy    4 (8%) 
Outcome (n = 51)  

  DOD 25 (49%) 
  NED 18 (33%) 
  AWD   8 (16%) 

Median survival in months  61.6  
Overall survival rate  

 1-year 57% 
 5-year 51% 

 
AWD, alive with disease; DOD, dead of disease; ECOG, Eastern Cooperative Oncol-
ogy Group; IPI, International Prognostic Index; LDH, lactate dehydrogenase; NED, 
no evidence of disease 163. 
* Only information from 50/51 patients was retrieved for follow-up evaluation. 
 

3.2 Histopathological patterns in ENKTCL in Latin America. 
To evaluate the histological features of this lymphoma, all cases were histologi-

cally assessed. In the evaluation, variable degrees of inflammatory background, 

tumor necrosis, angiocentricity and angiodestruction were distinguished in all 
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cases, which made the identification of tumor cells challenging in some cases. 

However, since all tumor cells stained positive for CD56, CD3ε and EBER, the 

diagnosis of ENKTCL was relatively straightforward.  

ENKTCL with nasal involvement demonstrated three different patterns of appear-

ance. The first pattern showed small-sized neoplastic cells with bland cytological 

features, mimicking a reactive infiltrate (Figure 4A) (Figure 4D). The second pat-

tern was mainly composed of a dense tumoral population of intermediate-sized 

cells and pale cytoplasm, surrounding the glands with few or no necrosis (Figure 

4B). In the third pattern the neoplastic cells show markedly atypia, the cells were 

large-sized with large nuclei, hyperchromasia and pale to clear cytoplasm (Figure 

4C). In all three patterns, all neoplastic cells were positive for EBER (Figure 4D, 

E And F) 163,166.  

 
Figure 4. Different cytological appearances of ENKTCL in the nasal region.  
 
Pattern 1 (A) Diffuse infiltrate of small lymphoid cells with bland cytology around the sebaceous 
glands (H&E, 400×). Pattern 2 (C) Medium-sized cell infiltrate with nuclear irregularity and pale 
cytoplasm. (H&E, 400×). Pattern 3 (E) Large cell, pleomorphic infiltrate with abundant pale to 
clear cytoplasm (H&E, 400×). (B, D and F) EBER is positive in the neoplastic cells (EBER-ISH, 
400×) 166,167. 
Abbreviations: H&E: Hematoxylin. 
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ENKTCL with extranasal involvement displayed varied histological features. Skin 

involvement in some cases simulate a reactive reaction as it was previously 

shown in pattern 1 (Figure 4A and C) but tumor histology showed a dense infil-

trate of neoplastic cells forming a mass and involving the entire dermis but without 

epidermotropism (Figure 4A). Cytologically, the tumor cells vary in size.  In the 

case shown below, the cells were intermediate-sized with homogeneous and 

strong CD3 membranous staining (CD3ε) (Figure 5B). All neoplastic cells were 

infected by EBV, as confirmed by EBER positivity (Figure 5C) 167.  

 

 
 
Figure 5. Extranodal NK/T-cell lymphoma, nasal type in the skin.   
 
(A) Skin biopsy showing a dense infiltration by ENKTCL in the dermis without epidermotropism. 
(H&E, x12.5). (B) Tumor cells show strong CD3 cytoplasmic (CD3ε) stainning (IHC, x100) and 
EBER positive (EBER-ISH x200) 167. 
Abbreviations: H&E: Hematoxylin. 
 

 

Three ENKTCL cases (3/71 cases) showed gastrointestinal tract involvement 

(3/71 cases), especially in large and small intestine (Figure 6). The clinical 

presentation of these cases was related to a mass, and the symptoms were as-

sociated with partial or complete intestinal obstruction. In those cases, the tumor 

was composed of a dense infiltrate of neoplastic cells invading completely the 

intestinal wall. Tumoral cells were large, pleomorphic and tend to invade the 

blood vessels, a feature frequently seen in ENKTCL (Figure 6A and B). IHC con-

firmed the ENKTCL immunophenotype: cells were partially positivity for CD56 

(Figure 6C) and EBER (Figure 6D). The majority of the neoplastic cells showed 

a CD3ε (Figure 6E). Interestingly, CD30 was positive in a minority of tumor cells 
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showing a membrane and dot-like paranuclear staining of the Golgi apparatus 

(Figure 6F) 167.   
 

 
Figure 6. Extranodal NK/T-cell lymphoma, nasal type in the small intestine.  
 
(A) H&E stain of intestinal resection with a dense neoplastic lymphoid infiltration (H&E, x12.5).  
(B) Tumor cells are large, pleomorphic with irregular nuclei and pale or clear cytoplasm, with 
evident angiodestruction (H&E, x400) (C) CD56 is positive in the majority of the neoplastic 
cells. (D) EBER positive cells within the intestinal wall (EBER-ISH, x12.5). (E) CD3 is positive 
(CD3ε) within the tumor infiltrate (CD3 IHC, x200). (E) Scattered large neoplastic cells are 
CD30 positive with a membranous and Golgi zone pattern (CD30 IHC, x400) 167. 
Abbreviations: H&E: Hematoxylin. 

 
The histological evaluation of all cases allowed the differential diagnosis with 

other T-cell lymphomas, including peripheral T-cell not otherwise specified (NOS) 

lymphomas, aggressive NK-cell leukemia, and other EBV-positive T-cell and NK-

cell lymphoproliferative disorders.  
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3.3 ENKTCL mutational profile in Latin America 
 
Targeted sequencing analysis was performed revealing 53 mutations in the 71 

cases investigated. Mean average of read depth sequencing was 4063.4 (range, 

413.3-6334). The majority of the mutations were missense point mutations 

(42/53, 79%), only 8 nonsense mutations (8/53, 15%) and 3 frameshift insertions 

(3/53, 6%). Somatic mutation load per case varied remarkably in all samples, 

showing VAFs that ranged from 5% to 77% (mean 33%). From all cases studied, 

42 cases (59%) carried at least one mutation and 29 cases (41%) demonstrated 

the wild-type sequence in the investigated gene regions (Figure 7). Single-hit mu-

tations were observed in 34/42 cases (81%) and concurrent mutation were pre-

sented in 8/42 (19%, 6 cases two mutations, 1 case three mutations, 1 case four 

mutations). Missense mutations were highly frequent in the eight genes studied. 

Nonsense mutations were only found in MSN, BCOR, MGA and DDX3X genes, 

whereas frameshift insertions were exclusively of MSN and MGA genes. Inter-

estingly, all STAT3 and TP53 alterations in this study represented missense mu-

tations. Among all missense mutations, the most frequent substitutions were 

G>A, G>T and A>T, found in 23%, 21% and 21% of cases, respectively. Analysis 

by SIFT and/or Polyphen2 predicted a damaging effect of the variant at protein 

level in all missense mutations described in this cohort (Table 15). Mutations fre-

quently involved the JAK-STAT signaling pathway, more frequently affecting the 

STAT3 gene, which was mutated in 16 cases (16/71, 23%), followed by MSN 

mutations in 10 cases (10/71, 14%), BCOR mutations in 9 cases (9/71, 13%), 

DDX3X mutations in 6 cases (6/71, 8%), TP53 mutations in 6 cases (6/71, 8%) 

and MGA mutations in 3 cases (3/71,4%). Interestingly, other members of the 

JAK-STAT signaling pathway were rarely mutated: JAK3 (2/71, 3%) and STAT5B 

(1/71, 1%).  Mutations in STAT3 and DDX3X were almost mutually exclusive, but 

the mutations in BCOR, MSN, TP53 and MGA co-occurred with other mutations. 

All mutations detected in this study are enlisted in table 18 163.



 

 

 
 Figure 7. Overview of mutational profile, country distribution and EBV strain of ENKTL in Latin America.  
(A) Each column of the heat map represents one ENKTL case and each line one specific analysis/gene. On the right side of the figure, 
the frequency of the particular result of the analysis is shown. Gene mutations were identified in 42 of 71 cases (59%). (B) Type of 
mutations identified 163. 



 

 

Table 18. Mutations detected in ENKTL cases in Latin America 
 

 ID  Gene 
Variant 
protein le-
vel 

Variant cDNA 
Level  VAF Covera

ge PolyPhen-2 SIFT 

M1 BCOR p.R1678H c.5033G>A 5% 174 Damaging Damaging 
M5 STAT3 p.G618R c.1852G>C 16% 6780 Damaging Damaging 
M6 BCOR p.S1704C c.5110A>T 45% 1829 Damaging Damaging 

M14 
STAT3 p.N647I c.1940A>T 16% 5972 Benign Damaging 

MSN p.A500fs c.1496_1497ins
G 40% 2202 Damaging Damaging 

M16 
TP53 p.R248W c.742C>T 12% 10887 Damaging Damaging 
DDX3X p.E348* c.1042G>T 36% 3108 Damaging Damaging 

M17 DDX3X p.L235Q c.704T>A 22% 670 Damaging Damaging 
M19 STAT3 p.D661Y c.1981G>T 54% 1996 Damaging Damaging 
M20 TP53 p.G266R c.796G>A 56% 4374 Damaging Damaging 
M21 MSN p.E575A c.1724A>C 25% 1817 Damaging Damaging 

M22 
STAT3 p.E638V c.1913A>T 21% 1998 Damaging Damaging 
MSN p.E573* c.1717G>T 69% 1462                                                                                                                                                                                                                                        Damaging Damaging 

M23 TP53 p.Y163H c.487T>C 12% 1997 Damaging Damaging 
M24 STAT3 p.Y640F c.1919A>T 14% 12498 Damaging Tolerated 
M25 TP53 p.P152Q c.455C>A 63% 1192 Damaging Damaging 

M26 
MGA p.H533fs c.1596_1597insC 32% 1344 Damaging Damaging 
STAT5B p.N642H c.1924A>C 30% 4589 Damaging Tolerated 
BCOR p.K922* c.2764A>T 22% 3385 Damaging Damaging 

M27 BCOR p.Y204C c.611A>G 15% 9895 Damaging Damaging 
M28 STAT3 p.G618R c.1852G>C 25% 6988 Damaging Damaging 
M30 DDX3X p.V168L c.502G>C 51% 228 Benign Damaging 
M31 DDX3X p.L431P c.1292T>C 49% 489 Damaging Damaging 
M32 MSN p.E573* c.1717G>T 52% 285 Damaging Damaging 
M34 STAT3 p.Q643K c.1927C>A 9% 6220 Damaging Tolerated 

M35 
BCOR p.A61T c.181G>A 5% 1795 Damaging Damaging 
MSN p.A271T c.811G>A 6% 1807 Benign Damaging 

M36 STAT3 p.Y640F c.1919A>T 15% 9185 Damaging Tolerated 

M41 
STAT3 p.N647I c.1940A>T 19% 11665 Benign Damaging 
MSN p.E575D c.1725G>C 42% 1483 Damaging Damaging 

M42 DDX3X p.G406R c.1216G>C 38% 1997 Damaging Damaging 

P4 
STAT3 p.Y640F c.1919A>T 8% 1917 Damaging Tolerated 
BCOR p.E1355K c.4063G>A 51% 2699 Damaging Damaging 

P5 MGA p.I1984M c.5952A>G 10% 913 Benign Damaging 
P7 BCOR p.Q224* c.670C>T 28% 3476 Damaging Damaging 
P8 STAT3 p.D661Y c.1981G>T 39% 1997 Damaging Damaging 
P9 DDX3X p.V513L c.1537G>C 42% 1958 Damaging Damaging 
P11 MSN p.E575D c.1725G>C 17% 1649 Damaging Damaging 
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P13 STAT3 p.E616K c.1846G>A 40% 1865 Benign Damaging 
P15 STAT3 p.N647I c.1940A>T 7% 1999 Benign Damaging 
P16 TP53 p.G244S c.730G>A 6% 2000 Damaging Damaging 
A1 STAT3 p.D661Y c.1981G>T 69% 64718 Damaging Damaging 
A2 JAK3 p.A573V c.1718C>T 77% 6093 Damaging Damaging 

A3 

TP53 p.S240R c.720T>A 72% 13469 Damaging Damaging 
STAT3 p.E616G c.1847A>G 25% 6069 Damaging Damaging 
JAK3 p.V722I c.2164G>A 46% 9547 Benign Damaging 
BCOR p.R1375W c.4123C>T 42% 20171 Damaging Damaging 

A6 MSN p.Q410* c.1228C>T 36% 684 Damaging Damaging 
A8 MSN p.N566D c.1696A>G 46% 1159 Damaging Damaging 
A9 MSN p.K327fs c.976_977insA 47% 1182 Damaging Damaging 
A10 MGA p.E1315* c.3943G>T 23% 6380 Damaging Damaging 
A11 STAT3 p.D661Y c.1981G>T 24% 18553 Damaging Damaging 
A12 BCOR p.E867* c.2599G>T 60% 3316 Damaging Damaging 

 

A, Argentinian case; fs, frameshift; M, Mexican case; P, Peruvian case; PolyPhen-2, Polymor-
phism Phenotyping v2; SIFT, sorting intolerant from tolerant; *stop codon amino acid 163.  
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3.3.1 ENKTCL mutational profile among the Latin American countries ana-
lyzed. 
 
The distribution of the recurrent somatic mutations among the three different Latin 

American countries show no differences in their frequencies. STAT3 was the 

most common mutated gene in all countries (Table 19). However, JAK3, another 

member of the JAK-STAT signaling pathway was only mutated in the Argentinian 

population (Fisher Test p=0.02). When compared to other Asian series, Latin 

American mutational distribution presented a comparable pattern of frequency to 

the Korean population, highlighting the JAK-STAT as the most common affected 

pathway. DDX3X, TP53, BCOR and MGA were relatively less frequent. Interest-

ingly, MSN mutations were mostly absent in other Asian series when compared 

to the frequency of this cohort. The different studies comparing the ENKTCL Latin 

American mutational profile with the Asian profile are described in Table 20 

 
Table 19. Recurrent mutation of extranodal NK/T-cell lymphoma in Latin America 
 

 Total 
(n=71) 

Mexico 
(n=42) 

Peru 
(n=17) 

Argentina 
(n=12) 

p-value* 
 

Genetic mutation      

STAT3 mutation 16 (23%) 9 (21.4%) 4 (23.5%) 3 (25%) 1.00 

MSN mutation 10 (14%) 6 (14.3%) 1 (5.9%) 3 (25%) 0.40 

BCOR mutation 9 (13%) 5 (11.9%) 2 (11.8%) 2 (16.7%) 0.88 

DDX3X mutation 6 (8%) 5 (11.9%) 1 (5.9%) 0 0.60 

TP53 mutation 6 (8%) 4 (9.5%) 1 (5.9%) 1 (8.3%) 1.0 

MGA mutation 3 (4%) 1 (2.4%) 1 (5.9%) 1 (8.3%) 0.36 

JAK3 mutation 2 (3%) 0 0 2 (16.7%) 0.02 

STAT5B mutation 1 (1%) 1 (2%) 0 0  

No mutation detected 29 (41%) 18 (42.9%) 8 (47.1%) 3 (25%) 0.44 

 
*p-value using Chi-square test or Fisher´s exact test with bivariate analysis. bp, base pair 163.  
 



 

 

Table 20. Most common mutations in ENKTCL described in the different Asian cohorts 
  

Latin America China Japan China China Korea Singapur /  
China 

No. of cases 71 88 25 105 51 30 109 

Technology 

Targeted se-
quencing WES (5), Se-

quenom Mas-
sARRAY platform 
(85), Targeted 
sequencing 

Targeted se-
quencing 

WES (25), Tar-
geted sequenc-
ing (80) 

WES (1), RNA-
seq (15), 
Sanger se-
quencing (35) 

WES (9), •RNA-
seq (3) Tar-
geted sequenc-
ing (21), 

Targeted se-
quencing 

STAT3 23% 3.4% 16% 10.5% 6% (3/51) 20% 21.1% 

MSN 14% NA NA 8.6% 0% 0% NA 

BCOR 13% 5.7% 32% 0% 20% 16.7% NA 

TP53 8% 10.2% 16% 13.3% 13% 10% 11.9% 

DDX3X 8% 8% 12% 20% 7% 0% NA 

MGA 4% NA 8% 8.6% 0% 0% NA 

JAK3 3% NA 8% 0% 0% 6.7% 6.4% 

STAT5B 1% 3.4% 0% 1.9% 6% (3/51) 0% NA 

Reference 

 
94 93 92 91 90 95 

Table updated from 163. 



 

3.3.2 Recurrent somatic mutations involving the JAK-STAT signaling path-
way 
 
Somatic mutations in the JAK-STAT signaling pathway were the most frequent 

recurrent mutations in this cohort, including mutations in JAK3, STAT3, and/or 

STAT5B, found in 19/71 cases (27%). STAT3 was the most frequently mutated 

gene of this signaling pathway, found in 23% of the cases. VAF ranged from 7 to 

69%. All missense STAT3 mutations were found in the Src homology (SH2) do-

main with hotspots in D661Y, N647I, or Y640F, G618R and E616G (Figure 8A). 

 

 
Figure 8. Distribution of STAT3 mutations among the protein and its correlation with 
its expression.  
(A) Exact positions of all STAT3 mutations are depicted in the protein within its different do-
mains (www.uniprot.org; UniProtK P40763). The distribution of mutations is illustrated.  
(B) Mutated case (upper picture) shows intermediate-sized cell morphology (H&E, x400) with 
high content of tumoral cells positive for EBER, > 90% of cells (EBER-ISH, x400), CD56 (CD56 
IHC, x400) and show homogeneous and strong staining for phospho-STAT3, >90% of tumoral 
cells. STAT3-wild-type case (lower picture) showing a similar morphology (H&E, x400)  with 
high content of tumoral cells positive for EBER and CD56 IHC (> 90% of cells, EBER-ISH, 
x400, CD56 IHC, x400)  but reveals heterogeneous and weaker staining of phospho-STAT3 
(>30% of tumoral cells) with stronger staining of endothelial cells as internal control 163. Abbre-
viations: H&E: Hematoxylin 
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STAT3 mutations were predicted to lead to a constitutive activation of STAT3 

protein confirmed by its phosphorylation. Therefore, in the STAT3 mutated cases 

IHC for the p-STAT3 protein was performed, showing a strong and homogenous 

staining (in more than 90% of the cells), in contrast to wild-type cases, where the 

staining was weak and heterogeneous (in approximately 30% of tumoral cells). 

Two representative cases corroborating this hypothesis are illustrated in Figure 

8. 163. 

3.3.3 Recurrent somatic mutations altering the NOTCH signaling pathway  
The BCOR mutations detected in this cohort are illustrated in Figure 9. The ma-

jority of these were missense mutations (6/9 cases), while the remaining ones 

were nonsense mutations leading to a stop codon (3/9 cases.) VAF ranged from 

5 to 59.5%. The hotspot mutations Q224*, S1016L, E1355K found in these series 

lead to an inactivation of BCOR. All BCOR mutations were located heterogene-

ously among the gene domains and no mutation was detected in the Ankyrin 

repeat-containing domain. Interestingly, only 2 cases (A3 and P4) demonstrated 

concurrent STAT3 and BCOR alterations. The case A3 from Argentina revealed 

also two additional alterations in TP53 and JAK3, indicating a complex genetic 

instability. On the other hand, the case M35 from Mexico displayed concurrent 

MSN mutation in addition to the BCOR alteration.  

 
 
 

 
 
Figure 9. Distribution of BCOR mutations among the protein.   
 
Exact positions of all mutation are depicted in the BCOR protein within its different domains 
(www.uniprot.org; UniProtK Q6W2J9). 
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3.3.4 Mutations disrupting the cell cycle 

3.3.4.1 TP53 
Six different mutations leading to p53 inactivation were identified (Figure 10). All 

variants identified represented missense mutations with VAF between 6 and 

72%. Specific locations of the mutations among the gene domains are illustrated 

in Figure 10A. Interestingly, all these mutations were located in the DNA binding 

domain. In order to correlate the inactivation of the protein and loss of function of 

TP53 which leads to p53 overexpression, p53 IHC was performed. TP53 positiv-

ity by IHC was compared between three cases of TP53 wild-type (controls) and 

six cases with TP53 mutation. 

 

 
Figure 10. TP53 mutation and protein expression.  
 
Upper panel : All mutations of TP53 are missense mutations located in the DNA-binding 
domain, specific mutations are depicted. (B) Upper picture: TP53-mutated case with large cell 
morphology (H&E, x400). All neoplastic cells are EBV positive (EBER-ISH, x400) and reveal 
homogeneous and strong staining of p53 (p53 IHC, x400). Lower picture: TP53-wild-type case 
with large cell morphology accompanied by tumoral necrosis (H&E, x400), tumoral cells are 
exposed by EBER positivity (EBER-ISH, x400) and some of these cells (10% approximately) 
show p53 heterogeneous positivity (p53 IHC, x400)   
A: source from InterPro (UniProtK Q6W2J9) 163. 
Abbreviations: H&E: Hematoxylin 
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p53 staining was strong and homogenous in cases with large cell morphology 

carrying a TP53 mutation with high VAF. In contrast, the TP53 wild-type cases 

showed heterogeneous positivity in a small percentage of cells. In general, only 

cases with homogenous and strong p53 positive in more than 80% of the cells by 

IHC had a good correlation with its mutational status.  Figure 10B illustrates TP53 

mutated case with strong and homogenous p53 staining in comparison to a wild-

type case 163. In order to get to know the role of TP53 mutations and its interaction 

with p21, a protein that also has an important role in cell cycle and apoptosis, the 

positivity for p21 was investigated by IHC. The staining was performed in six rep-

resentative cases. The detailed information is summarized in table 21. 

 
Table 21. p53 and p21 Immunohistochemistry in TP53-mutated and wild-type 
cases 
 
ID TP53 

gene 
status 

Amino 
acid  

VAF p53 IHC p21 IHC Cyto-morphol-
ogy 

M20 Mutated p.G266R 56% Homogeneous and 
strong 

<5% of tu-
mor cells 

Large cells 

M25 Mutated p.P152Q 63% Homogeneous and 
strong 

<5% of tu-
mor cells 

Large cells 

P16 Mutated p.G244S 6% Heterogeneous and 
moderate to strong 
(40% of tumor 
cells) 

5-10% of tu-
mor cells 

Large cells 

M15 Wild-type   Heterogeneous and 
moderate to strong 
(40% of tumor 
cells) 

5-10% of tu-
mor cells 

Large cells 

M38 Wild-type   Heterogeneous and 
weak to moderate 
(10-20% of tumor 
cells) 

10% of tu-
mor cells 

Intermediate-
sized cells 

M39 Wild-type   Heterogeneous and 
moderate to strong 
(60% of tumor 
cells) 

<5% of tu-
mor cells 

Intermediate-
sized cells 

IHC, immunohistochemistry; VAF, variant allele frequency 
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In TP53 mutated cases (n=3), p53 immunostaining was homogeneous and 

strong positive in 2 cases, but heterogeneous in 1 case; whereas the positivity 

for p21 immunostaining was <5% in tumor cells (loss of p21) of all mutated cases. 

In contrast, p53 immunostaining was weak and heterogeneous in 10 to 20% of 

the neoplastic population of TP53 wild-type cases, also demonstrating loss of 

p21.  

3.3.4.2 DDX3X 
 
All DDX3X mutations analyzed in this cohort are depicted in Figure 11. Most of 

the cases (5/6) presented missense mutations, whereas only one case displayed 

a nonsense mutation. VAF among mutations ranged from 22 to 51%. Interest-

ingly, all DDX3X mutations were heterogeneously distributed amongst the protein 

domains and non-hotspot were found (Figure 11). Concurrent mutations of 

DDX3X and TP53 were only found in a case, in which a nonsense mutation of 

DDX3X was revealed. 

In order to get to interpret the possible origin of the genetic alterations, tumor 

contents were calculated. In a Mexican case (M16), tumor content and VAF of 

DDX3X were around 30% likely representing a homozygous mutation, whereas 

other mutations found in TP53 show VAF around 12%, probably a concurrent 

heterozygous mutation. These variations in the VAF could also exemplify differ-

ent genetic events, such as a loss of heterozygosity event as well as copy number 

variation.  

 
Figure 11. Distribution of DDX3X mutations along the protein.   
 
Exact positions of all mutations detected are illustrated in the DDX3X protein within its differ-
ent domains (www.uniprot.org; UniProtK O00571).     
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3.3.5 Mutations in other signaling pathways 

MSN 
 
In contrast to other studies, MSN mutations were relative frequent (10/53 muta-

tions, 14%). Missense mutations were the most common alterations (5/10), fol-

lowed by nonsense mutations (3/10) and frameshift mutations (2/10). VAF ranged 

from 6 to 69%. Interestingly, regardless of the type of mutation, most of the alter-

ations were located in the helicase C-terminal domain. Moreover, concurrent 

MSN and STAT3 mutation were recognized in cases M14, M22 and M41. 

 

 
Figure 12. Distribution of MSN mutations within its protein domains.  
 
Exact positions of all mutations detected are illustrated in the MSN protein within its different 
domains (www.uniprot.org; P26038). 

 

MGA 
In this study, only three recurrent somatic mutations in MGA were identified 

(cases M25, P5 and A10). Three type of mutations were detected: 1 nonsense 

mutation in case A10, 1 frame shift mutation in case M25 and one missense mu-

tation in case P5, and VAF ranged from 10 to 32%. Concurrent mutation of MGA 

was only recognized in the case M25 with TP53. In this case, MGA seems to 

show a secondary role, since this mutation was concurrent with other genetic 

alterations, specifically with TP53 mutation. In addition, the lower VAF (32%) in 

comparison with the higher tumor content of this case (70%), probably reflects 

heterozygous mutation whereas the mutations found in TP53 mutation show 

higher VAF (63%).  

3.4 PCR analysis of EBV strain and LMP1 gene deletion 
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All cases were analyzed for the characterization of EBV strain and LMP1 deletion; 

data are presented in Table 19 and Figure 13. From the 71 cases, only 6 cases 

were EBV type B (6/71, 8%) but 65 cases (65/71, 92%) were recognized as EBV 

type A, showing that the latest was the most frequent strain detected among the 

three different Latin American countries studied. In EB type A as well as in type 

B cases, LMP1 wild-type was the most frequent variant. However, in cases with 

EBV type B, 30bp LMP1 deletion variant was more common. In Mexico EBV type 

A was commonly associated with LMP1 wild-type, whereas EBV type B was fre-

quently related to the 30 bp LMP1 deletion variant. Peruvian ENKTCL cases 

showed EBV type A as the most common strain, and surprisingly none of the 

cases showed the 30 bp LMP1 deletion variant.  Examples of the PCR products 

electrophoresis showing the EBV strain and LMP1 deletion distribution among 

the different countries are illustrated in Figure13. EBV type A was the most com-

mon strain in Argentina and was relatively commonly related with the 30 bp LMP1 

deletion variant. Comparison of the EBV strain among the countries revealed no 

significant difference (Table 22) 163.  
 
Table 22. EBV strain distribution of extranodal NK/T-cell lymphoma in Latin 
America 
 Total 

(n=71) 
Mexico 
(n=42) 

Peru 
(n=17) 

Argentina 
(n=12) 

P-value* 
 

 EBV strain      
EBV type A 65 (92%) 39 (93%) 15 (88%) 11 (92%)  
    LMP1 wild-type 53 (75%) 32 (76%) 15 (88%) 6 (50%) <0.05 
    LMP1 30-bp dele-
tion 12 (17%) 7 (17%) 0 5 (42%)  

EBV type B 6 (8%) 3 (7%) 2 (12%) 1 (8%)  
    LMP1 wild-type 3 (4%) 0 2 (12%) 1 (8%) 1.0 
    LMP1 30-bp dele-
tion 3 (4%) 3 (7%) 0  0  

*p-value using Fisher´s exact test with bivariate analysis. bp, base pair 163. 
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Figure 13. Characterization of EBV strain and LMP1 gene. 
 
Electrophoresis from PCR products of the EBV type and LMP1 gene deletion.   

(A) Upper gel illustrates EBV type A and B analysis. The lanes 1 and 2 exemplify EBV type A 
(168 bp fragments) and B (184 bp fragments) according to the left 50bp ladder. The line 3 is 

the negative control. Cases from the three different countries are represented in lanes 4-6, 

Peruvian cases in lanes 7-8 and Argentina cases in lanes 9-11. EBV type B is displayed in 

lanes 6 (Mexican case), 8 (Peruvian case) and 11 (Argentinian case). 

(B) Lower gel exhibit LMP1 gene status. The lanes 1 and 2 show LMP1 wild-type (161 bp 

fragment) and 30 bp LMP1 deletion (131 bp fragment) in lanes 1 and 2 respectively, according 

to the left 50bp ladder. The negative control is in the lane 3. Cases carrying type A or B EBV 

strain with 30-bp deletion of LMP1 gene are exposed in lane 4, 6, and 10, whereas cases with 
LMP1 gene wild-type are displayed in lanes 5, 7, 8, 9 and 11. 163. 
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3.5 Correlation of clinicopathological factors and overall survival 
 

OS rate was calculated at 1 and 2 year and assessed for all variants. As ex-

pected, low OS to 1 and 2 years was correlated with LDH elevation, >1 ECOG 

performance, >1 IPI score and therapy employed. According to the Cox propor-

tional hazard model, >1 IPI score (HR 7.25, p=<0.001) and to receive chemother-

apy alone (HR 4.76, p=0.014) were the highest risk factors for poorer survival. 

Although male gender has a higher risk of poor prognosis, this was not statisti-

cally significant (HR 2.42 p=0.07). The statistical analysis of the different clinic-

pathological factors on OS is described in table 23. 

Age, site of involvement, clinical symptoms, mutational status as well as EBV 

strain type were not related to poor prognosis. However, the 30 bp LMP1 deletion 

revealed a propensity to inferior OS in comparison to LMP1 wild-type cases, 

which was independent of the EBV strain type.  

 
Table 23. Analysis of the clinicopathological factors and overall survival in 51 pa-
tients with follow-up 
 
 1-year 

OS rate 
2-year OS 
rate 

Hazard ra-
tio 

95% CI p-value 

Country     0.123 
    Mexico 49.4% 46.3% 2.50 0.74-8.40  
    Peru 84.6% 84.6% Reference   
Median age     0.524 
    <=66 61.0% 54.1% Reference   
    >66 29.6% 29.6% 1.38 0.51-3.75  
Gender     0.070 
    Male 45.9% 41.3% 2.42 0.90-6.49  
    Female 76% 68.4% Reference   
Site of involvement     0.356 
    Nasal 58.2% 55.3% Reference   
    Extranasal  40.0% 40.0% 1.76 0.52-5.93  
B symptoms     0.124 
    Yes 48.1% 44.9% 2.13 0.79 -5.71  
    No 76.0% 76.0% Reference   
LDH elevation     0.008* 
    Yes 43.0% 38.7% 3.90 1.32-11.55  
    No 81.9% 73.7% Reference   
ECOG > 1 38.2% 32.7% 2.75 1.21-6.23 0.011* 
ECOG 0-1 68.9% 68.9% Reference   
IPI score > 1 28.6% 23.8% 7.25 2.43-21.66 <0.001* 
IPI score 0-1 86.3% 79.7% Reference   
Therapy     0.014* 
    Combined chemoradio-
therapy  

59.6% 54.2% 2.02 0.45-9.08  
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    Chemotherapy alone 40.0% 40.0% 4.76 0.95-23.8  
    Radiotherapy alone 80.0% 80.0% Reference   
    No therapy  0% 0% 9.012 1.49-55.57  
STAT3 mutation 63.6% 53.0% 0.947 0.35-2.54 0.913 
STAT3 wild-type 53.8% 53.8% Reference   
MSN mutation 53.6% 53.6% 0.922 0.27-3.12 0.895 
MSN wild-type 57.0% 54.0% Reference   
BCOR mutation 66.7% 66.7% 1.198 0.41-3.54 0.743 
BCOR wild-type 54.9% 54.0% Reference   
DDX3X mutation 33.3% 33.3% 2.097 0.49-8.99 0.307 
DDX3X wild-type 58.1% 55.3% Reference   
TP53 mutation 60.0% 60.0% 0.836 0.20-3.57 0.808 
TP53 wild-type 56.6% 53.8% Reference   
Number of mutation     0.946 
    0 49.6% 49.6% Reference   
    1 62.3% 56.1% 1.06 0.45-2.49  
    >1 57.1% 57.1% 0.85 0.23-3.11  
JAK-STAT pathway*     0.913 
    Mutated 63.6% 53% 0.95 0.35-2.54  
    Wide type 53.8% 50% Reference   
EBV strain     0.932 

    Type A 56.8% 54.1% Reference   
    Type B 53.3% 53.3% 1.07 0.25-4.57  
LMP1     0.09 

Wild-type 63.5% 60.3% Reference   
30-bp deletion 25% 25% 2.21 0.87-5.62  

*JAK-STAT pathway includes mutation of JAK3, STAT3 or STAT5B genes. *p-value <0.05. bp, 
base pair; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; IPI, Interna-
tional Prognostic Index; LDH, lactate dehydrogenase; NA, not available; OS, overall survival 163.
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4. Discussion 
 

This study represents the largest cohort of ENKTCL patients collected in Latin 

America so far, identifying the JAK-STAT signaling pathway as the main dis-

rupted pathogenic pathway in this entity (27% of the cases). Other genes involved 

in the NOTCH or cell cycle signaling pathways, such as BCOR and DDX3X were 

also mutated, but with a lower frequency. Moreover, mutations in STAT3, DDX3X 

and BCOR were nearly mutually exclusive, demonstrating the central role of 

these pathways in the lymphomagenesis of ENKTCL and highlighting them as 

potential therapeutic targets. EBV infection was confirmed in all cases, being EBV 

type A carrying LMP1 wild-type the most frequent EBV strain reported in these 

patients (75%). The OS of these patients was low and it was not related to se-

quencing and EBV infection variables such as mutational status or EBV strains. 

The clinical variants high IPI score, >ECOG performance status, elevated serum 

LDH level and chemotherapy alone were associated with an inferior OS.  

 

ENKTCL is an aggressive lymphoma, quite common in Asia and in the indige-

nous population of Latin America, with a relatively low survival rate (55%) 1. In 

recent years, the emergence of new modalities of therapy and the use of combi-

nation therapy containing platinum or l-asparaginase has contributed to improve 

the prognosis of this disease. However, relapses and refractory cases are still 

frequent; therefore, it is crucial to develop specific individualized therapies based 

on genomic analysis 154. In previous years, the mutational landscape has been 

further investigated in Asian populations (China, Japan, Korea and Singapore), 

revealing recurrent mutations in the JAK-STAT signaling pathway, the RNA hel-

icase family, the RAS and NOTCH signaling pathways, as well as in some known 

tumor suppressors (TP53 and MGA) and in epigenetic modifiers such as ARID1A 

among others 61,90-96. Unfortunately, the mutational landscape of these studies 

only shows little overlapping and differ in the most mutated genes and their fre-

quencies. These discrepancies are probably due to the different genetic 
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background among these populations, case selection or because the different 

sequencing methodologies applied which carry diverse sensitivities (whole-ex-

ome sequencing, targeted sequencing, Sequenom MassARRAY platform) 61,90-

96. In our study, STAT3 represented the most commonly mutated gene, featured 

as a single mutation in 69% of STAT3 mutated cases, comparable to the muta-

tional profile from the Korean and China-Singapore cohorts 90,95. However, lower 

mutational frequencies of this gene have been reported in the Chinese 92 and 

Japanese cohorts 93. The lower detection of these mutations might be a result of 

the geographical and ethnic variations of the population surveyed, the status of 

the disease or merely related to the lymphoma cell of origin (NK or T-cell origin). 

In a recent study, Song et al. also distinguished  STAT3 as the most frequently 

mutated gene in ENKTCL, in comparison to the lower mutation frequency de-

tected in other peripheral T-cell lymphomas such as angioimmunoblastic T-cell 

lymphoma (AILT) or ALCL 95, highlighting it as one of the main oncogenic events 

in the pathogenies of ENKTCL 168,169. In contrast, other gamma-delta T-cell lym-

phomas, such as hepatosplenic T-cell lymphoma, primary cutaneous gamma-

delta T-cell lymphoma and MEITL, also display activating mutations in the JAK-

STAT signaling pathway, but interestingly predominantly in STAT5B and not in 

other members of these pathways such as STAT3 and JAK1/2/3 91. This led us 

to think that the lower frequency of STAT5B abnormalities in ENKTCL is corre-

lated to the gamma-delta T-cell of origin, since most of ENKTCL cases display 

NK-cell origin (80%) and only less than 20% show a gamma-delta T-cell pheno-

type 91. 

STAT proteins are essential regulators of T-cell proliferation, differentiation and 

survival. STAT3 and STAT5B are two members of this family involved in angio-

genesis and oncogenesis enhancement 170. Despite the fact that these proteins 

have four to five different functional domains, 171 all of the pathogenic mutations 

in this series were located in the SH2 domain, a domain which favors its activation 

by reciprocal SH2 phosphotyrosine interaction 91,95. Other studies have also rec-

ognized additional mutations in the DNA binding domain and the coiled-coil do-

main of STAT3, stressing other activation pathways. Thus, the constitutive acti-

vation of STAT3 may be triggered by different mechanisms, including somatic 
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mutations along the different domains of the protein which lead to its activation, 

increased upstream stimulation of kinases, positive feedback loops or absence 

of negative regulation 172. From all mutations, D661Y and Y640F represent the 

main hotspots of STAT3 described in ENKTCL; nonetheless, they are also found 

in other T-cell lymphomas suggesting its role as T cell oncogenic drivers 112. In-

terestingly, regardless of the type of mutation, all STAT3 variations in this analy-

sis resulted in its activation. Different studies have affirmed the use of the IHC p-

STAT3 as a surrogate to study its mutational state and detect its activation. In 

this study, p-STAT3 staining was correlated with its mutational state and also 

showed an association of the tumor content with the percentage of VAF 111,112. 

Although nearly all STAT3 mutations in this series were mutually exclusive (69%), 

concurrent mutations with MSN, BCOR and TP53 were present, emphasizing the 

primary role of STAT3 and the secondary role of other mutations. 93. Concurrent 

STAT3 and MSN mutations was the most frequent concurrent event, probably 

linked to an enhanced tumoral activity since MSN seems to trigger invasion of 

tumoral cells 151-153. On the other hand, concurrent TP53 mutations and JAK-

STAT signaling pathway abnormalities were not common and only reported in a 

genetically complex case (A3) presenting different mutations in JAK3 and STAT3 

accompanied by BCOR and TP53 mutations. The presence of TP53 mutation in 

this case seemed to be related to poor prognosis, as it was previously reported 

in other cancers and related to transformation of myeloproliferative neoplasms 

into leukemia 173,174.  

Activating mutations in the gene JAK3, an additional member of the JAK-STAT 

signaling pathway, were also reported in various hematological malignancies 

such as myeloproliferative diseases and acute lymphoblastic leukemia. In our 

study, the frequency of JAK3 alterations in ENKTCL was relatively low (3%) in 

comparison with the cohort from Singapore, in which 35.4% of 65 samples har-

bored a JAK3 mutation 117. However, the frequency of JAK3 mutations of our 

study resembled the results in the other Asian cohorts, where frequencies are 

reported from 0 to 8% 90-96. 

JAK3 mutations (A573V and V722I) have also been reported and validated in IL-

3 dependent pro-B-cells (Ba/F3) as transforming activating mutations 175. 
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Intriguingly, only the JAK3 A573V mutation was located within the JH2 pseudo-

kinase domain, a known regulator of the JAK kinase activity. Mutations located 

in the JH2 domain were studied in vitro and associated with independent IL-2 

lymphoproliferation, resulting in activation of the JAK-STAT signaling pathway, 

which can be efficiently targeted in vitro by the JAK inhibitor CP-690550 117, high-

lighting the use of JAK inhibitors as an alternative therapeutic modality in 

ENKTCL. Strikingly, EBV Infection likewise play a role in JAK-STAT pathway 

switch through its latent proteins. Two control mechanisms have been described: 

interaction of the cytoplasmic carboxyl-terminal of LMP1 with JAK, resulting in 

increased phosphorylation of JAK3 tyrosine, or activation of NF-κB due to the 

similarity of LMP1 with the CD40 receptor 176-178.  

 

Surprisingly, 14% of the NKCTL cases of this study presented recurrent MSN 

mutations whereas in the Asian cohorts the frequency of this alterations is com-

paratively low (0-8 to 6%) 90-92. 60% of these cases revealed this mutation as a 

single alteration and nearly half of these patients had a concurrent STAT3 muta-

tion, suggesting that these alterations do not represent main driver in the patho-

genesis of ENKTCL. MSN function has been closely related to cell-cell recogni-

tion, cell movement, cell signaling 179,180 and related to carcinogenesis and sur-

vival in epithelial oral cancers 181. However, little is known of its biological role in 

malignant lymphoproliferations. Hemizygous mutations involving MSN gene are 

identified in X-linked primary immunodeficiency (R171W, R533X) leading to 

premature stop codons. In this setting, it is believed, that MSN mutations leads 

to impaired T cell proliferation, poor chemokine expression and disturbances in 

the migration and adhesion of T cells 182. In other T-cell lymphomas, such as 

(ALK)-positive ALCL, genomic alterations in MSN are also related to oncogene-

sis, specifically associated with the enhancement of ALK function. 183. In 

ENKTCL, recurrent MSN mutations (stop codon, missense and frameshift) seem 

to lead to loss of function of MSN, but their biological implication until date is still 

unclear. It is needed to perform more studies in order to understand the role of 

MSN and its relationship with other signaling pathways in the pathogenesis of 

ENKTCL.  
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In addition to the JAK-STAT signaling pathway, the NOTCH signaling pathway is 

also impaired through recurrent alterations in BCOR 93, a BCL-6 co-repressor 118 

which acts as a epigenetic regulator involved in cell differentiation, body structure 

development and histone modification 184. Epigenetic alterations are relatively 

frequent in ENKTCL and are not exclusive to BCOR, also involving other genes 

such as ARID1A, ASXL1, BCOR, KMT2D, MLL2, EP300 93,100,101. However, 

BCOR is the most frequent epigenetic alteration investigated in recent cohorts 90-

95, specifically in the Japanese population where the frequency of the mutation is 

reported around 32%. In comparison, Chinese and Korean population report 

lower frequencies comparable to the Latin-American population 90,91,93. The re-

current BCOR abnormalities are reported in T-cell lymphomas, but also displayed 

in other hematopoietic disorders including myelodysplastic syndromes 185, B-cell 

lymphomas including splenic marginal zone lymphoma 186 and splenic diffuse 

small B-cell lymphoma 187. In chronic myeloid leukemia and acute myeloid leuke-

mia, BCOR alterations result in truncated proteins with loss of function 121. In this 

study, only 3 of 9 BCOR mutations led to a truncated protein but all alterations 

were predicted as damaging mutations by the different software algorithms, irre-

spectively of the location within the gene. The loss of function of the tumor sup-

pressor BCOR is also associated to the loss of negative regulation of the NOTCH 

signaling pathway 188, epigenetic dysregulation, underlining additional oncogenic 

mechanisms in the pathogenesis of ENKTCL. Furthermore, the upregulation of 

this pathway represents a main therapeutic target in cases of refractory ENKTCL 
189. In other disorders, such as MDS, frameshift BCOR mutations represent also 

prognostic factors closely related to the OS 185. Unfortunately, given the limited 

number of BCOR mutations in this cohort, it was not feasible to establish an as-

sociation between BCOR alterations and survival. 

 

Another recurrent mutation previously associated with poor prognosis is the RNA 

Helicase DDX3X, which participates as a key player in the regulation of cell cycle, 

probably acting as a tumor suppressor gene in ENKTCL 92. DDX3X mutations 

are common in T- and B-cell lymphomas 137,. In ENKTCL frequencies in Asian 

cohorts range from 4 to 20%, whereas in this study the frequency average was 
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under 10% (8.5%) 91-93. The function of DDX3X is not completely understood, but 

preliminary functional studies supports DDX3X as a candidate component of the 

pathogenic WNT/β-catenin signaling in medulloblastoma 190. In ENKTCL, inacti-

vating DDX3X mutations are related in cell cycle progression and transcriptional 

activation of the NF-κB pathway 92. In this series, 5 out of the 6 DDX3X mutations 

reported were seen as single mutations affecting the helicase C-terminal domain, 

highlighting the functional part of the protein. Concurrent DDX3X and TP53 alter-

ations are frequent genetic events described in ENKTL 92 and CLL 191. However, 

there is only one case reported in this study. It is known, that TP53 and DDX3X 

interact and regulate intrinsic and extrinsic apoptotic pathways after DNA dam-

age, which suggest that DDX3X positively regulates the camptothecin-induced 

apoptotic signaling by p53 accumulation (intrinsic pathway) and/or interacts with 

p53 mutated protein and inhibits caspase activation (extrinsic pathway) 192. Inter-

estingly, DDX3X and TP53 mutations seem to enhance their activity in ENKTCL, 

with a poor prognosis in cases carrying both mutations 92. In this study, probably 

due to the low mutational rate (8.5%) of DDX3X, similar to the one reported for 

BCOR, associations to survival render no statistically significant correlations. 

 

TP53 is a well-known tumor suppressor with inactivating mutations described in 

a wide range of malignant disorders. In ENKTCL, TP53 mutations were earlier 

frequently reported in the Asian population (40-62%) 89,127,128 and in a Mexican 

cohort (24%) 16. However, in later studies of similar cohorts, a lower frequency 

was reported, 13.3% and 8.5% respectively 92. The reasons for the frequency 

disparity could be related merely to the cohort sampling and the earlier diagnosis 

of these cases. TP53 are not exclusive of ENKTCL and are also reported in ag-

gressive B- and T- cell lymphomas, such as intestinal T-cell lymphoma and pe-

ripheral T-cell lymphoma, NOS, displaying a similar frequency as reported in 

ENKTCL, 22.2% of and 21.7%, respectively 193.  

Interestingly, all TP53 mutations reported in our study were missense mutations 

predicted to promote damage of the protein and loss of function. In accordance 

to our study, 90% of TP53 mutations were located in the DNA binding domain, 

indicating the role of the mutation in the protein disruption and the alteration of its 
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ability to bind to DNA 194,195. TP53 mutational status can be evaluated by p53 IHC 

and it has been previously used as a surrogate; however, in our study only strong 

and homogeneous p53 staining in more than 80% of tumoral cells was associated 

with the TP53 mutation 131. The absent correlation with weaker staining can be 

attributable to the disturbance of other signaling pathways not studied in this co-

hort, which can also lead to the accumulation of p53 in the nuclei of neoplastic 

cells. Other genetic mechanisms related to p53 disruption includes loss of 17p 

and TP53 downregulation targeted by EBV proteins such as EBNA-1 and  miR-

BART20-5p 196.  TP53 mutations in ENKTCL are clinically related with extranasal 

or lymph node involvement, advanced stage of the disease and high IPI score 
16,92,193. However, in our study, the low frequency of TP53 mutations did not show 

any correlations with clinical variables related to poor clinical outcome. Since 

TP53 overexpression leads to further tumor suppressor mechanisms such as cell 

cycle arrest, other proteins related to TP53 cell cycle function, including TP21, 

have been investigated in ENKTCL 197. The positivity of p21 staining was previ-

ously assessed in ENKTCL by using IHC and correlating it with TP53 mutational 

status and/or protein expression 16. However, in the wild-type and TP53-mutated 

cases evaluated, there was no overexpression of p21, suggesting that other sig-

naling pathways must be involved in TP21 down-regulation or that other EBV-

related mechanisms may also be implicated. However, in this cohort only a lim-

ited number of cases were investigated 16 and further investigations to elucidate 

the role of TP21 in ENKTCL are required. 

 

Other rather frequently mutated gene in ENKTCL with unclear function is MGA. 

MGA mutations in ENKTCL of Asian cohorts are reported up to 8% of the cases, 

but in the current study, the NGS panel only detected 3 loss of function mutations 

(4%). The function of MGA is not fully understood, but it appears to be involved 

in the regulation of cell proliferation by inhibiting the proto-oncogene MYC. MYC 

was originally identified as the target of t(8;14)(q24;q32) chromosome transloca-

tion in Burkitt lymphoma, but in later days MYC up-regulation was also recognized 

in other mature B-cell neoplasms and associated with aggressive clinical behav-

ior 198. Interestingly, in T-cell lymphomas the upregulation of MYC, by activating 
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mutations in NOTCH1, is also acknowledged 199. Until now, WES sequencing has 

not recognized any MYC pathogenic variations in ENKTCL, but gene expression 

profile studies have displayed that MYC is overexpressed in ENKTCL 200. How-

ever, the presence of inactivating mutations in MGA could lead us to the question 

of whether this phenomenon represents an indirect or secondary mechanism for 

the regulation of this oncogene. Intriguingly, as MYC is a transcriptional target of 

EBNA2 and LMP1, EBV can also be responsible of MYC upregulation in ENKTCL 
200. These oncogenic mechanisms point out MYC as a therapeutic target that 

needs to be investigated in ENKTCL.  

 

The advent of high throughput NGS in the last years has accelerated the 

knowledge and new findings about the genomic landscape in many different dis-

eases such as ENKTCL 61. Recently, a new broad genetic analysis in ENKTCL 

have suggested a new molecular classification differentiating 3 different sub-

groups, which correlate with the biology and cell of origin as well as the clinical 

behavior, revealing the distinctive therapeutic targets to be investigated in this 

lymphoma. The first group named Tumor Suppressors and Immune Modulators 

(TSIM) comprises the cases with recurrent JAK-STAT signaling pathway activa-

tion, presence of TP53 mutations, del6q21 and other mechanisms involved in the 

immune surveillance, such as PD-L1 overexpression. In the Latin-American co-

hort from this study most of the cases fall into this category, pointing to JAK-STAT 

inhibitors and immune modulators as a potential therapy for these cases. The 

second subgroup involves MGA mutations and loss of heterozygosity of the Bro-

domain Testis Associated (BRD) locus and is designated as MB subgroup. This 

second subgroup is less frequent in our cohort, since only 4 cases presented 

MGA alterations. The third subgroup HEA is named after the genomic alterations 

in the epigenetic modifiers: HDAC1, EP300 and ARID1. This subgroup shows 

one of the limitations of our study since the mutational status of these epigenetic 

modifiers were not investigated in our cohort. However, 13% of the cases dis-

played BCOR alterations related with epigenetic alterations and the NOTCH sig-

naling disturbance, suggesting that these belong to the MB and HEA group. On 

the other hand, cases with DDX3X mutations may represent cases 
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heterogeneously distributed among the TSIM and the HEA subgroups, in which 

asparaginase based therapy regimens can be beneficial. 

 

In addition to the various mechanisms of oncogenesis, such as immune response 

and epigenetic alterations related to the mutational status of ENKTCL, described 

above, other features related to EBV infection could also play an important role 

in the lymphomagenesis of this lymphoma. EBV is a known human pathogen with 

tropism for B-cells, but with an important role in the oncogenesis of a broad spec-

trum of NK and T-cell malignant neoplasias. Although the association of EBV and 

ENKTCL is well recognized, the exact role of EBV in ENKTCL oncogenesis re-

mains unclear 40. However, EBV malignant transformation has been related to 

induction of several "latent genes", including EBNA1, EBNA2, EBNA3A, 

EBNA3B, EBNA3C and  LMP1, 2A, 2B 47. According to EBNA2 genetic altera-

tions, EBV was further classified as described earlier, into type A and type B, 

leading to the recognition of the worldwide distribution of EBV types and their 

association with different EBV-related benign or malignant disorders 58,59. EBV 

type A infection is widely more common and it was found in the majority of the 

ENKTCL cases, in comparison to EBV type B. Interestingly, the majority of 

ENKTCL cases with EBV type A infection correlated with LMP1 wild-type protein, 

highlighting the oncogenic potential of this strain despite the LMP1 status 59. In 

contrast, EBV type B shows low transformation capacity in lymphoblastoid cells 
60, which can be enhanced by the presence of the LMP1 deletion 201. Interestingly, 

all Mexican cases carrying EBV type B were associated with LMP1 deletion, 

whereas the Argentinian and Peruvian cases show EBV type B in absence of 

LMP1 deletion, which is generally described in cases with immunodeficiency 69-

72. The distribution of the EBV strain among the different Latin American countries 

in this study may be related to their geographical differences, but also is influence 

by the different immunodeficiency status of the hosts.  

Recently, the genome and transcriptome studies of the EBV in human tissues 

has led to the recognition of new distinct EBV strains and sequence variants, 

providing new hits for understanding the EBV classification and pathogenesis 
59,202. Some of these novel studies analyzed the complete sequence of LMP1 and 
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EBNA resulting in six different strains, which show an uncertain correlation with 

the different clinical settings 203,204 and therefore, the widely used classification 

into type 1 and 2 remain valid to date. However, it is important to emphasize that 

there may be errors in this classification, explained by recombination events of 

EBV related genes (EBNA2 and EBNA 3s) 205,206. In our study, the correlation of 

EBV strain type and LMP1 status with the different clinicopathological variables 

as well as with the NKTCL mutational status and clinical outcome did not show 

any association. However, although the 30 bp deletion in LMP1 gene tends to 

predict lower OS in comparison to LMP1 wild-type cases, this statement can be 

influenced by the host immune status; therefore, a prospective larger study is 

required to further investigate and validate this hypothesis.  

 

In general, ENKTCL patients show variable outcome, but poorer than expected 

for a localized non-Hodgkin lymphoma, which is often associated with invasion of 

the bone or the skin, high circulating of EBV DNA levels, EBV positive cells in the 

bone marrow and Ki-67 proliferation index 1. However, in the current analysis, 

clinical outcome was fatal in half of the cases, although these cases were diag-

nosed at an early stage of the disease, confirmed by low of IPI score (<1). OS to 

1 and 2 years seems to be poorest in the Mexican patients (HR 2.5, p=0.123). In 

the statistical OS analysis of this cohort, the only factors that correlated with poor 

prognosis were elevated DHL, >1 IPI score and > ECOG performance status. In 

recent studies, the molecular factors associated with poor prognostic factors are 

the overexpression of PDGFRA, PD-L1 and Ki-67 207. Interestingly, STAT3 acti-

vation promotes PD-L1 overexpression in ENKTCL 95; however, activating 

STAT3 mutations were not associated with poorer OS or as a poor prognostic 

factor in comparison to wild-type cases. 

 

Overall, the mutation status of all genes examined in this cohort was not associ-

ated with OS. In order to further evaluate this association, it is necessary to ex-

pand our mutation panel and to include in the statistical analysis other mutation 

characteristics such as location, type and clonal hierarchy, which may influence 

the prognostic implications of genomic abnormalities. 
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4.1 Conclusions and perspectives 
 

ENKTCL mutational landscape in the Latin American population exhibits recur-

rent somatic mutations in the JAK-STAT (JAK, STAT5B, STAT3) and NOTCH 

(BCOR) signaling pathway, in cell cycle regulators (DDX3X, TP53) among other 

genes with less known functions such as MSN and MGA. Activating STAT3 mu-

tations were the most frequent in this study (27% of the cases), highlighting its 

main role in the pathogenesis of ENKTCL and encouraging the use of JAK inhib-

itors as a targeted therapy in these patients. In comparison to Asian populations, 

MSN, BCOR, DDX3X and TP53 mutations were also found but with different fre-

quencies. EBV type A with LMP1 wild-type was the most frequent EBV strain in 

this cohort, independently of the stage of disease and mutational status. In addi-

tion, only elevated LDH, therapy and IPI score as well as ECOG performance 

status were correlated with OS. Finally, ENKTCL mutational status as well as 

EBV strain appeared to have no role in OS.  
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5. Summary  
 

Extranodal NK/T-cell lymphoma (ENKTCL) nasal type, is an aggressive lym-

phoma associated with EBV infection, highly prevalent in Asian and Latin Ameri-

can populations with characteristic clinicopathological features. Several studies 

in Asian ENKTCL cohorts have identified the most common recurrent somatic 

mutations in STAT3, STAT5B, JAK3, DDX3X, TP53, MGA, MSN and BCOR; 

however, the genomic landscape in the ENKTCL is still incomplete and the mu-

tation status in cases from Latin America remains to be investigated. The main 

objective of this study was to investigate the mutation landscape in a cohort of 

ENKTCL cases from Latin America (Mexico, Peru and Argentina), to compare it 

with Asian cohorts and to investigate EBV strain type and LMP1 gene status. We 

analyzed 71 cases of ENKTCL from 3 different centers in Latin America. Hema-

toxylin staining (H&E), CD56 and EBER in situ hybridization were performed to 

confirm the diagnosis and calculate the tumor content in all cases. Sequencing 

of the most frequently mutated genes was performed using NGS workflow based 

on a custom AmpliSeq panel. In addition, EBV strain type classification and LMP1 

deletion at 30 bp was carried out by PCR. Mutations affecting the JAK-STAT 

pathway were the most frequent mutation anomaly followed by MSN (10 cases, 

14%). STAT3 was the most frequently mutated gene (16 cases, 22%), while other 

members of the JAK-STAT pathway, STAT5B (one case) and JAK3 (2 cases), 

were rarely identified. All STAT3 mutations were activating mutations, located 

within the SH2 domain, leading to expression of pSTAT3 evidenced by immuno-

histochemistry. Inactivating mutations in BCOR and DDX3X were found in 9 

(13%) and 6 (8.5%) cases, respectively. TP53 mutations were identified in only 6 

cases (8.5%). Interestingly, mutations in STAT3, BCOR and DDX3X were mutu-

ally exclusive, indicating the key role of JAK-STAT, NOTCH and cell cycle signal-

ing pathways. EBV type A with the wild-type LMP1 gene (53/71; 75%) was the 

most common genotype in all cases, while EBV type B with LMP1 deletion was 

detected only in 3 Mexican cases. The ENKTCL mutation status in Latin America 

showed frequent STAT3-activating mutations. Furthermore, EBV type A with 
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LMP1 wild-type was the most common strain found in this cohort. However, none 

of these variables affected overall survival. Finally, the ENKTCL mutation land-

scape of Latin America was comparable to that of Asian cohorts. 

 



Acknowledgments 

[75] 
 

German summary 
 
Das extranodale natürliche Killer/T-Zell-Lymphom (NK/T) vom nasalen Typ 

(ENKTCL) ist ein hoch aggressives Lymphom, das mit einer EBV-Infektion ein-

hergeht und in der asiatischen und lateinamerikanischen Bevölkerung sehr häu-

fig vorkommt und charakteristische klinisch-pathologische Merkmale aufweist. 

Mehrere Studien in asiatischen HNO-Kohorten haben die häufigsten rekurrenten 

somatischen Mutationen in STAT3, STAT5B, JAK3, DDX3X, TP53, MGA, MSN 

und BCOR identifiziert. Allerdings ist das Spektrum genetischer Veränderungen 

bei ENKTCL unvollständig beschrieben und der Mutationsstatus von ENKTCL 

Patienten in Lateinamerika noch nicht untersucht worden. Das Hauptziel dieser 

Studie war es, das Spektrum an Mutationen in einer Kohorte von ENKTCL-Fällen 

aus Lateinamerika (Mexiko, Peru und Argentinien) zu untersuchen, sie mit einer 

asiatischen Kohorte zu vergleichen und sowohl den EBV-Typ als auch den 

LMP1-Genstatus zu untersuchen. Dafür wurden 71 Fälle von ENKTCL aus 3 ver-

schiedenen Zentren in Lateinamerika analysiert. HE-Färbung, CD56 und EBER-

in-situ-Hybridisierung wurden durchgeführt, um die Diagnose zu bestätigen und 

den Tumorgehalt zu bestimmen. Die Sequenzierung der in asiatischen ENKTCL 

am häufigsten mutierten Gene wurde mittels NGS mit Hilfe eines selbst zusam-

mengestellten AmpliSeq-Panels durchgeführt. Darüber hinaus wurden der EBV-

Typ und die LMP1-Deletion von 30 bp mittels PCR untersucht. Am häufigsten 

fanden sich Mutationen, die den JAK-STAT-Signalweg beeinflussen, gefolgt von 

MSN (10 Fälle, 14%). STAT3 war das am häufigsten mutierte Gen (16 Fälle, 

22%), während andere Mitglieder des JAK-STAT-Signalwegs, STAT5B (ein Fall) 

und JAK3 (2 Fälle), selten identifiziert wurden. Alle STAT3-Mutationen waren ak-

tivierende Mutationen, die sich innerhalb der SH2-Domäne befinden und zur 

pSTAT3-Expression führten. Inaktivierende Mutationen in BCOR und DDX3X 

wurden ebenfalls in 9 (13%) bzw. 6 (8,5%) Fällen gefunden. TP53-Mutationen 

wurden nur in 6 Fällen (8,5%) identifiziert. Interessanterweise schlossen sich Mu-

tationen in STAT3, BCOR und DDX3X gegenseitig aus, was auf eine Schlüssel-

rolle der JAK-STAT, NOTCH und Zellzyklus-Signalwege hinweist. Typ-A-EBV mit 

dem Wildtyp-LMP1-Gen (53/71; 75%) war der häufigste Genotyp, während EBV 
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Typ-B mit LMP1-Deletion nur in 3 mexikanischen Fällen nachgewiesen wurde. 

ENKTCL in Lateinamerika weisen häufig STAT3-aktivierende Mutationen auf. 

Darüber hinaus war das EBV vom Typ A mit LMP1-Wildtyp der häufigste Stamm, 

der in dieser Kohorte gefunden wurde. Keine dieser Variablen beeinflusste je-

doch das Gesamtüberleben. Außerdem war das ENKTCL-Mutationsspektrum 

Lateinamerikas mit der asiatischen Kohorte vergleichbar. 
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