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Abstract
Extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT) lymphoma is a type of low-grade 
malignant B-cell lymphoma. The aim of this study was to investigate the clinicopathological characteristics of thymic MALT 
lymphoma. We analyzed the clinical, morphological, immunophenotypical, cytogenetic, and molecular characteristics of 
11 cases of thymic MALT lymphoma. The relevant literature was also reviewed. The median age of the 11 patients was 
50 (range: 33–60). There was a female predominance with a female-to-male ratio of 10:1. Three patients presented with 
Sjögren syndrome, autoimmune thrombocytopenia purpura, and type B1 thymoma, respectively. Microscopically, thymic 
MALT lymphoma was characterized by epithelium-lined cysts that were surrounded by small lymphocytes, centrocyte-like 
cells, and monocytoid B-cells. Plasmacytic differentiation was observed in two cases. The tumor cells expressed CD20, 
CD79α, and BCL2. Clonal immunoglobulin genes were detected in all 8 examined cases. Fluorescence in situ hybridization 
(FISH) for 18q21 was performed in 7 cases, and no translocations involving 18q21 were found. Targeted gene sequencing 
was performed in five cases with available DNA samples, and TNFAIP3, CARD11, IGLL5, and CCND3 mutations were 
identified. Thymic MALT lymphoma is a rare type of B cell malignancy with a female predominance and excellent clinical 
outcomes. Molecular aberrations involving the NF-κB pathway are frequent in thymic MALT lymphoma, suggesting that 
dysregulation of the NF-κB pathway is an important mechanism underlying the pathogenesis of thymic MALT lymphoma.

Keywords Autoimmune disease · Thymic · Clonal gene rearrangement · Mucosa-associated lymphoid tissue lymphoma · 
Mucosa-associated lymphoid tissue

Introduction

Extranodal marginal zone B-cell lymphoma of mucosa-asso-
ciated lymphoid tissue (MALT) lymphoma is a low-grade 
non-Hodgkin lymphoma originating outside the lymph 
nodes and spleen, accounting for 5–8% of B-cell lympho-
mas [1]. The most common site of MALT lymphoma is the 

stomach, which is involved in 35% of all cases. Other com-
mon involved sites include the eye and ocular adnexa, skin, 
lungs, and salivary glands [2].

MALT lymphoma has distinct morphological and cytoge-
netic features. Microscopically, the tumor cells occupy the 
marginal zones of reactive B-cell follicles and the interfol-
licular regions. The neoplastic cells also occasionally extend 
into the follicles (follicular colonization). The morphology 
of tumor cells is heterogeneous. Usually, tumor cells are 
composed of marginal zone (centrocyte-like) cells, cells 
resembling monocytoid cells, small lymphocytes, scattered 
immunoblasts, and centroblast-like cells. Plasmacytic dif-
ferentiation could be observed in some cases. In epithe-
lial tissues, tumor cells typically infiltrate the epithelium, 
forming lymphoepithelial lesions, which are characteristic 
of MALT lymphoma [3]. The most common chromosomal 
aberrations of MALT lymphoma include trisomy 3, t(11;18)
(q21;q21), t(14;18)(q32;q21), t(1;14)(p22;q32), and t(3;14)
(p13;q32) [4]. The molecular genetics of MALT lymphoma 
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has been recently explored with the advent of next-gener-
ation sequencing. For example, TNFAIP3 and TBL1XR1 
mutations are frequent in cases of MALT lymphoma from 
ocular adnexa [5]. Additionally, somatic mutations of 
TRAF3, TNFAIP3, and NOTCH1 are common in gastric 
MALT lymphoma [6].

Thymic MALT lymphoma is a rare type of MALT lym-
phoma that arises from the thymus. Thymic MALT lym-
phoma is rare, accounting for less than 0.5% of all MALT 
lymphomas in the Western population. The clinicopathologi-
cal characteristics of thymic MALT lymphoma remain less 
well defined due to the rarity of this disease. Moreover, until 
now, no available studies had explored the molecular fea-
tures of thymic MALT lymphoma [7]. It remains unknown 
whether thymic MALT lymphoma shares a mutational 
landscape similar to that of MALT lymphomas from other 
anatomical sites. In the current study, we investigated the 
clinicopathological features of 11 cases of thymic MALT 
lymphoma from a single center. Furthermore, targeted 
gene sequencing was performed in patients with available 
samples.

Patients and methods

Patients

We reviewed 11 cases of primary thymic MALT lymphoma 
that were diagnosed at the Department of Pathology, Cancer 
Institute and Hospital, Chinese Academy of Medical Sci-
ences (Table 1). These cases were diagnosed according to 
the World Health Organization Classification of Tumors of 
Hematopoietic and Lymphoid Tissues [1]. The clinical data 
of these patients were obtained from medical records and 
follow-up visits.

Immunohistochemistry

All tissue samples were fixed with 4% formaldehyde, embed-
ded in paraffin, sectioned to a thickness of 3 μm, stained with 
hematoxylin and eosin, and subjected to immunohistochemi-
cal analyses. Immunohistochemistry was performed with a 
Ventana BenchMark XT (Roche) automatic immunohisto-
chemistry machine, and a negative and positive control was 
utilized. The primary antibodies were purchased from China 
Fuzhou Maixin company, and the secondary antibody and 
DAB kit were purchased from Switzerland Roche company. 
An automatic immunohistochemistry machine (Roche) was 
used for staining. Positive and negative controls were used 
in immunohistochemistry.

Gene rearrangement

The kits and DNA extraction kit were purchased from Amer-
ican Qiagen company. After dewaxing and hydration, DNA 
was extracted and purified from paraffin-embedded tumor 
tissue. Immunoglobulin (Ig) and T-cell receptor (TCR) 
were used as the primer groups. After PCR amplification, 
the product was analyzed, and the fragment size was read by 
an Applied Biosystems 3500 × L Gene Analyzer. The image 
was collected by GeneScan software. Gene rearrangement 
was determined by 1–2 allele peaks in the region targeted by 
primers, with a peak height at least 2.5 times the background 
polyclonal peak. Clone peaks that did not meet the above 
criteria were considered uncertain or atypical [8, 9].

Chromosome translocation

Three-micrometer-thick FFPE tumor tissue samples 
were deparaffinized with Hemo-D, rehydrated in ethanol, 

Table 1  Comparison of gene 
characteristics of primary 
thymic MALT lymphoma cases

Abbreviations: IGHR immunoglobulin heavy chain rearrangement, NA not available

No Sex Age Gene rearrangement 18q21 chromo-
somal aberra-
tion

Mutations in the genes (amino acid change)

1 Male 57 IGHR( +) (-) TNFAIP3(p.C103fs, p.R183*)
2 Female 48 NA NA NA
3 Female 56 IGHR( +) (-) CCND3(p.Q280)
4 Female 52 NA NA NA
5 Female 59 IGHR( +) (-) CARD11(p.D357V), IGLL5(p.G9R)
6 Female 49 IGHR( +) (-) NA
7 Female 46 NA NA NA
8 Female 33 IGHR( +) (-) Negative
9 Female 44 IGHR( +) (-) CARD11(p.G123D), IGLL5(p.P19S), 

TNFAIP3(p.A327D)
10 Female 60 IGHR( +) NA NA
11 Female 28 IGHR( +) (-) NA
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pretreated at 97 °C, digested with pepsin, and hybridized 
with FISH probes at 37 °C overnight. FISH was performed 
on FFPE tumor tissue samples using a break-apart probe 
specific to the Malt1 locus (Vysis LSI Malt1 Dual Color, 
Break Apart Rearrangement Probe; Abbott Molecular, 
Abbott Park, IL, USA) according to the manufacturer’s 
instructions. FISH images were scanned and analyzed using 
a Zeiss Axio Imager M2 epifluorescence microscope (Carl 
Zeiss, Oberkochen, Germany). In FISH assays with DNA 
probes, a cell without translocation typically has two sepa-
rate green signals and two orange signals, while a cell with 
translocation shows one or more additional FISH signals of 
each color. Fifty tumor cells were counted, and the number 
of positive signal tumor cells was > 10%, which was deter-
mined to be MALT1 rupture gene [10, 11].

Next‑generation sequencing

A targeted gene sequencing panel was designed to iden-
tify mutations in 138 genes important for B-cell lympho-
magenesis. All genes were grouped into 8 signaling path-
ways: immunity, NOTCH signaling, PI3K pathway, NF-κB 
pathway, epigenetic regulation, MAP kinase signaling, 
JAK-STAT signaling, and BCR signaling [12] (Shanghai 
Rightongene Biotech Co. Ltd., Shanghai, China; Supple-
mentary Table S1).

The Kapa Library Preparation Kit (Kapa Biosystems) was 
used to build the NGS database. NextSeq Sequencer (Illu-
mina) sequenced a multiplexed library at the 150 or 300 bp 
end.

Literature search and data collection

We used the Medline, EMBASE, and WANFANG DATA 
in our primary search, along with the reference lists of elec-
tronically retrieved full-text papers. We searched all the arti-
cles that met the inclusion criteria by using the keywords 
“MALT,” “Lymphoma,” and “Thymic” [13].

Results

Clinical features, treatments, and prognosis of 11 
cases of thymic MALT lymphoma

The median age at diagnosis was 50 years (range, 33–60). 
There was a female predominance with a male-to-female 
ratio of 1:10. Five cases were asymptomatic and were inci-
dentally diagnosed with chest computed tomography (CT) 
scans. Only one case was found to have a mediastinal mass 
due to dyspnea accompanied by cough. The remaining 
cases were consultation cases with unknown chief com-
plaints. Three patients presented with Sjögren syndrome, 

autoimmune thrombocytopenic purpura, and type B1 thy-
moma. The most common findings on chest CT scans were 
soft tissues with clear or unclear boundaries and nonuniform 
densities. All patients were treated surgically. None of these 
patients received chemotherapy or radiotherapy. With a 
median follow-up of 9 months (range: 2–32), all 11 patients 
remained alive without disease recurrence.

Gross and microscopic examinations

Masses were 2.5–5.9 cm in diameter and nodular or irregular 
with a clear boundary. Cross sections of the masses appeared 
grayish white or grayish yellow and contained cystic-solid 
lesions. The cysts contained bloody or clear fluid and were 
surrounded by adipose tissue. Under a microscope, cyst 
walls in the cystic transformation zone were covered with 
squamous epithelium that contained unstructured powder-
like objects. Epithelial cells covering the cyst walls were 
interspersed with moderate-size lymphocytes composed of 
monocyte-like B and centrocyte-like cells that were occa-
sionally accompanied by plasma cells and a small number 
of thymic Hassall’s corpuscles.

Immunohistochemistry

Tumor cells from thymic MALT lymphoma cases in our 
hospital expressed B-cell markers (CD20 and CD79α), 
and the tumor cells were negative for CD3, CD5, CD10, 
and cyclinD1. CK19-positive cells that were surrounded 
by lymphocytes were identified, indicating the presence 
of lymphoepithelial lesions. In two cases, the tumor cells 
expressed CD38 and CD138, indicating plasma cell differ-
entiation (Fig. 1).

IGH and TCR gene rearrangements 
and chromosomal translocation

Eight cases were tested for IGH and TCR  gene rearrange-
ments. Clonal immunoglobulin genes were identified in all 
8 cases, and no clonal TCR gene rearrangements were iden-
tified. FISH for 18q21 was performed in 7 cases, and no 
translocations involving 18q21 were found (Table 1).

Next‑generation sequencing

Targeted gene sequencing was performed in 5 cases. 
TNFAIP3 (2, 40%), CARD11 (2, 40%), IGLL5 (2, 40%), and 
CCND3 (1, 20%) mutations were identified (Table 1). For 
case 1, CARD11 p.D357V mutation, which affects the coil-
coil domain of CARD11, may result in a CARD11-hyper-
active state that leads to constitutive NF-κB activation. For 
case 3, two TNFAIP3 mutations, including one frameshift 
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mutation and one nonsense mutation, were identified, sug-
gesting loss of TNFAIP3 function in this case (Fig. 2).

Literature review

Ultimately, 14 studies were included. Since the first report 
of primary thymic MALT lymphoma in 1983, 102 cases 
have been reported worldwide. With the 11 cases presented 
in this article, information is now available for a total of 113 
patients: 24 males and 89 females. Of these cases, 85 are 
Asian (85/88, 96.6%). Among them, 58 had autoimmune 
diseases, including 51 with Sjögren syndrome (Table 2).

Discussion

By analyzing 11 cases of thymic MALT lymphoma and 
additional cases from the literature, we demonstrated that 
thymic MALT lymphoma was much more likely to occur 
in females and was associated with autoimmune diseases, 
especially Sjögren syndrome. Consistent with previous 
studies, translocation was not detected in our cases. More 
importantly, we found that 3 of 5 cases harbored somatic 
mutations involving the NF-kB pathway, suggesting that 
dysregulation of the NF-κB pathway might be the major 

Fig. 1  Thymic mucosa-
associated lymphoid tissue 
(MALT) lymphoma cells. A 
Monocyte-like lymphocytes 
infiltrate Hassall’s corpuscles, 
forming microcysts (40 × mag-
nification). B Monocyte-like 
lymphocytes with plasma cells 
(40 × magnification). C Cyst 
with unstructured, red-stained 
objects (40 × magnification). D 
Cytokeratin 19 (CK19) stain-
ing reveals a lymphoepithelial 
lesion (40 × magnification). E 
Expression of the B-cell marker 
cluster of differentiation (CD) 
20 in tumor cells (40 × magni-
fication). F Expression of the 
B-cell marker CD79α in tumor 
cells (40 × magnification)

Fig. 2  Mutations in CCND3 
(PI3K signaling), TNFAIP3, 
and CARD11 (NF-κB signal-
ing) in thymic MALT lym-
phoma
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mechanism underlying the pathogenesis of thymic MALT 
lymphoma.

The pathogenesis of thymic MALT lymphoma remains 
largely unexplored. Thymic lymphocytes are mainly T-cells, 
but B-cells can be scattered and distributed or aggregated 
to form lymphoid follicles. B-cells in the thymic medulla, 
unlike B-cells in the germinal center and mantle, usually 
do not express clusters of differentiation (CD) 21, surface 
immunoglobulins, or cytoplasmic immunoglobulins. These 
B-cells have the same immunophenotype as parafollicular 
marginal zone B-cells; hence, they are considered to be the 
normal counterpart of thymic MALT lymphoma cells. As 
thymic MALT lymphoma is strongly associated with auto-
immune diseases, including Sjögren syndrome, autoimmune 
diseases may generate active immune responses that drive 
the proliferation of these thymic B cells, therefore contribut-
ing to the development of thymic MALT lymphoma.

Activation of the NF-κB pathway is a hallmark of MALT 
lymphoma. MALT lymphoma is strongly associated with 
chronic microbial infections and/or autoimmune disor-
ders. B cell receptor engagement by microbial antigens 
or autoantigens contributes to the expansion of B cells 
through activation of the NF-κB pathway [14]. Addition-
ally, soluble factors in the microenvironment, including 
BAFF and CD40L, lead to activation of the noncanonical 
NF-κB pathway, which could also promote the proliferation 

of reactive B cells. In addition to factors from the tumor 
microenvironment, genetic aberrations also play a crucial 
role in NF-κB activation. The three classical MALT-related 
chromosomal translocations, namely, t(1;14)(p22;q32)/
BCL10-IGH, t(14;18)(q32;q21)/IGH-MALT1, and t(11;18)
(q21;q21)/BIRC3 (API2)-MALT1, could result in activa-
tion of both canonical and noncanonical NF-κB pathways. 
Recent high-throughput sequencing studies have identi-
fied somatic mutations affecting the NF-κB pathway in 
MALT lymphomas [15]. For instance, inactivating muta-
tions of TNFAIP3, which encodes a negative regulator of 
the canonical NF-κB pathway, are detected in MALT lym-
phoma arising from the ocular adnexa, stomach, thyroid, 
and salivary glands. TBL1XR1 mutations are also present in 
MALT lymphomas from different sites [6, 16, 17]. In cases 
of MALT lymphoma, the TBL1XR1 mutation is mutually 
exclusive from the TNFAIP3 mutation [17–19], suggesting 
that the TBL1XR1 mutation and TNFAIP3 mutation may 
have similar biological effects. A previous study showed that 
the TBL1XR1 mutation enhanced activation of the NF-κB 
pathway. Inactivating mutations involving TRAF3 [6], which 
inhibits the noncanonical NF-κB pathway, are frequent in 
cases of gastric MALT lymphoma, especially MALT1 rear-
rangement-negative cases.

In this study, we performed targeted gene sequencing to 
study the mutational landscape of thymic MALT lymphoma. 

Table 2  Comparison of clinical characteristics of primary thymic MALT lymphoma cases

Authors Case load Age range Sex Race Autoimmune 
disease

Survival Size

Momoi et al. [20] 1 58 Female (1) Asian (1) SiS (1) NA 3.0 cm
Wang et al. [21] 4 29–53 Female (4) Asian (4) SiS (1) NA 3–10 cm
Sugimoto et al.* 

[22]
73 14–75 Female (55), male 

(19)
Asian (47), others 

(3)
SS (33), RA (6), 

others (6)
Alive (26), dead 

(1)
1.5–17.5 cm

You et al. [23] 1 35 Male (1) NA No NA 7.4 cm
Song et al. [24] 1 35 Male (1) Asian (1) No Alive (1) 6.05 cm
Sun et al. [25] 3 35–41 Female (2), male 

(1)
Asian (3) SS (3) Alive (3) 9–12 cm

Wang et al. [26] 3 37–60 Female (3) Asian (3) SS (2) Alive (3) 7–10 cm
Hu et al. [27] 2 41–42 Female (2) Asian (2) NA Alive (2) 2–5 cm
Chang et al. [28] 2 53–57 Female (1), male 

(1)
Asian (2) SS (1) Alive (2) 4–4.5 cm

Shi et al. [29] 2 33–56 Female (2) Asian (2) SS (2) NA 9–14 cm
Xu et al. [30] 7 33–56 Female (6), male 

(1)
Asian (7) SS (4), ALP (1) Alive (7) 3.5–8.9 cm

Sunada et al. [31] 1 34 Female (1) Asian (1) SS (1) NA NA
Kurabayashi et al. 

[32]
1 53 Female (1) Asian (1) SS (1) Alive (1) 8 cm

Royer et al. [33] 1 38 Female (1) NA SS (1) NA NA
Cases presented 

here
11 33–60 Female (10), male 

(1)
Asian (11) SS (1) Alive (11) 2.5–5.9 cm

Total 113 14–75 Female (89), male 
(24)

Asian (85), others 
(3)

SS (51), others (7) Alive (56), dead 
(1)

1.5–17.5 cm
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To the best of our knowledge, this is the first study to explore 
the molecular genetics of thymic MALT lymphoma. Muta-
tions in TNFAIP3 and CARD11 were identified. Loss-of-
function TNFAIP3 mutations and gain-of-function CARD11 
mutations lead to activation of the NF-KB pathway, there-
fore promoting the pathogenesis of thymic lymphoma. Our 
study first demonstrated that molecular aberrations resulting 
in NF-κB pathway activation are involved in the pathogen-
esis of thymic MALT lymphoma. CCND3 mutation was 
also identified, suggesting that PI3K pathway dysregulation 
may also be involved in the pathogenesis of thymic MALT 
lymphoma.

As we used targeted gene sequencing, we did not detect 
mutations affecting genes that were not included in the 
current panel. Since mutations involving other genes may 
also contribute to the development of thymic MALT lym-
phoma, whole-exome sequencing is needed to better define 
the genetic landscape of thymic MALT lymphoma. It will 
also be important to use RNA sequencing or whole-genome 
sequencing to detect pathogenic chromosomal translocations 
in the future.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00277- 021- 04671-0.
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