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Intracranial tumors are rare in persons with Down syndrome. Although germ cell tumors and gliomas

have been reported in Down syndrome, primary central nervous system lymphoma (PCNSL) has not.

We report a case of PCNSL in a 48-year-old man with Down syndrome and no history of malignant tu-

mors. He visited our hospital for evaluation of left hemiparesis and gait disturbance. A thorough exami-

nation revealed brain tumors, and analysis of a biopsy specimen of the tumor confirmed a diagnosis of

PCNSL. The final pathological diagnosis was diffuse large B-cell lymphoma of the central nervous sys-

tem. Chemotherapy with rituximab, methotrexate, procarbazine, and vincristine was administered, and

whole-brain irradiation was planned in conjunction with chemotherapy. It is unclear whether chromoso-

mal abnormalities related to Down syndrome were involved in the development of PCNSL. Further

molecular biological analysis may clarify the mechanism of combined Down syndrome and PCNSL.

(J Nippon Med Sch 2023; 90: 346―350)
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Introduction

Down syndrome is one of the most common chromoso-

mal abnormalities, and the average lifespan of affected

persons is reportedly 28 years shorter than that of the

general population1. Despite a decline in birth rates, the

prevalence of Down syndrome has risen recently because

of the increasing percentage of women older than 30

years who give birth2. Down syndrome is associated with

numerous phenotypes, including congenital heart defects,

leukemia, Alzheimer disease, and Hirschsprung disease3.

Although leukemia is a common malignant tumor in per-

sons with Down syndrome3―5, intracranial tumors are

rare6. Embryonal tumors are the most common intracra-

nial tumors associated with Down syndrome6, whereas

other solid tumors, such as gliomas, central nervous sys-

tem primitive neuroectodermal tumors, and medulloblas-

tomas, have rarely been reported7,8. We report a case of

primary central nervous system lymphoma (PCNSL) in a

man with Down syndrome. His family provided in-

formed consent for publication of this report.

Case Report

A 48-year-old man with Down syndrome was referred by

another hospital for evaluation of a brain tumor. His

chief complaint was gait disturbance, and he had been

unable to walk on his own for approximately 2 months

before he visited our hospital. No complications associ-

ated with Down syndrome were evident before he vis-

ited our hospital.

His Glasgow Coma Scale score was E4V2M5, which

was identical to his score before the present symptoms.

Because of his cognitive limitations, he was unable to fol-
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Fig.　1　Preoperative brain computed tomography scans at approximately 1 month after symptom onset. The tumors 

were accompanied by marked edema (A, B), were located in both hemispheres, and were centered on the 

corpus callosum (C).

Fig.　2　Preoperative brain magnetic resonance imaging scans: T1-weighted images (A and D), T2-weighted images 

(B and E), and gadolinium-enhanced T1-weighted images (C and F). The tumors were isointense on T1-

weighted images and moderately hyperintense on T2-weighted images. The contrast medium was distribut-

ed uniformly and markedly. Brain edema was noticeable near the tumors, and the corpus callosum was ex-

tensively enhanced.

low our instructions. He had mild hemiparesis in the left

upper and lower limbs and had difficultly walking on

his own. His facial appearance was characteristic of

Down syndrome.

Cranial computed tomography (CT) scanning at the re-

ferring hospital revealed that the tumors, which were ac-

companied by marked edema, were located in both

hemispheres and had spread symmetrically across the

corpus callosum (Fig. 1). Brain magnetic resonance imag-

ing (MRI) showed tumor isointensity on T1-weighted im-

ages, moderate hyperintensity on T2-weighted images,

and hyperintensity on diffusion-weighted images. The tu-

mors were distributed along the ventricular wall and

were uniformly enhanced by gadolinium (Fig. 2). Chest
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Fig.　3　Pathological appearance. (A) Low-power image of hematoxylin and eosin (HE) staining 

(10× magnification). Large, atypical lymphocyte-like tumor cells with oval and round nu-

clei and sparse cytoplasm were growing. (B) High-power image of HE staining (20× mag-

nification). Tumor cells infiltrated and proliferated in the perivascular lumen and exhibit-

ed perivascular cuffing.

Fig.　4　Immunohistochemistry. Tumor cells were strongly positive for CD 20 (A) and positive for BCL6 (B) and MUM1 (C).

and abdominal CT scans showed no evidence of malig-

nancy, and levels were within normal ranges for the se-

rum tumor markers soluble interleukin-2 receptor, carci-

noembryonic antigen, carbohydrate antigen 19-9, neuron

specific enolase, and prostate specific antigen. There was

no evidence of tumor metastasis.

A tumor biopsy was performed with the assistance of

a navigation system that targeted a mass in the left fron-

tal lobe. Intraoperative pathological findings showed pro-

liferation of atypical lymphocyte-like cells, without necro-

sis or nuclear palisading suggestive of glioblastoma,

which is consistent with lymphoma. Hematoxylin and

eosin staining revealed diffuse proliferation of large,

atypical lymphocyte-like tumor cells and perivascular

cuffing, in which tumor cells clustered in the perivascular

space (Fig. 3). Immunohistochemistry indicated that the

cells were positive for CD20, BCL6, and MUM1 (Fig. 4).

The final pathological diagnosis from the permanent

specimen was diffuse large B-cell lymphoma (DLBCL) of

the central nervous system.

In addition to steroids, chemotherapy with rituximab,

methotrexate, procarbazine, and vincristine was initiated

on postoperative day 3. Brain CT scanning performed 12

days postoperatively showed tumor shrinkage and

marked improvement in cerebral edema. Whole-brain ra-

diotherapy was planned after five to seven courses of

this treatment and was to be followed by cytarabine

treatment.

Discussion

PCNSL is rare, accounting for 1-2% of all cases of non-

Hodgkin lymphoma9,10. The annual incidence of PCNSL is

estimated to be 0.48 per 100,000 persons per year (1.41

per 100,000 persons aged ≥65 years). PCNSL is an ag-

gressive non-Hodgkin lymphoma, and its histological

features usually include large B cells11. PCNSL accounts

for about 5% of primary tumors, and incidence has in-

creased in recent years, especially among elderly

adults12,13. PCNSL is reported to be more common in eld-

erly and immunocompromised adults14 but is not known

to be associated with chromosomal abnormalities, such

as those related to Down syndrome.
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Down syndrome is one of the most common chromo-

somal abnormalities; the incidence rate is 1 in 792 in-

fants15. It is a congenital disorder caused by an abnormal-

ity in chromosome 21. The average life expectancy of

people with Down syndrome has increased substantially,

from 25 years in 1983 to 60 years in 202016. Although leu-

kemia is associated with Down syndrome3,5, intracranial

tumors are rare and not well characterized in this popu-

lation6,17. The mechanism by which Down syndrome pa-

tients develop leukemia has been described previously.

Genetic analysis reported that mutations in GATA-1 are

specific for leukemia in Down syndrome. A possible

mechanism is that GATA-1 mutations occur in hema-

topoietic stem cells of trisomy 21. Other genetic muta-

tions then occur, which results in leukemia. However, the

mechanism by which brain tumors develop in Down

syndrome is unclear.

In 2011, an autopsy study of 1514 persons with Down

syndrome revealed that only 4 (0.26%) had intracranial

tumors18. In 2001, a study of the association of Down

syndrome with intracranial and spinal cord tumors6

found that 36 cases of intracranial tumor were associated

with Down syndrome, but none of these tumors was

PCNSL. Of these 36 cases, germ cell tumors and gliomas

were most common. In particular, 61% of patients

younger than 15 years were reported to have germ cell

tumors. To our knowledge, no case of PCNSL associated

with Down syndrome has been previously reported.

The development of genomic medicine has been a re-

markable recent achievement in the treatment of brain

tumors19,20. In DLBCL, homeostatic activation of B-cell re-

ceptor signaling is believed to be the main mechanism of

disease onset and resultant tumor growth. Bruton tyro-

sine kinase inhibitors inhibit the B-cell receptor signaling

pathway and are reportedly effective21.

Micro-RNAs (miRNA) are short noncoding sequences

involved in the biological regulatory process and are

biomarkers that help identify early cancer through patho-

genesis22. MicroRNA-155 (miR-155) is overexpressed in

persons with Down syndrome and contributes directly

and indirectly to the onset and progression of Down syn-

drome23. MiR-155 is assumed to be related to B-cell re-

sponses, and overexpression of miR-155 suppresses inosi-

tol phosphatase (SHIP1) expression24. In DLBCL, elevated

miR-155 levels and consequent diminished SHIP1 expres-

sion were triggered by stimulation of inflammatory cy-

tokine tumor necrosis factor alpha25. These results suggest

that miR-155 overexpression may contribute to DLBCL

onset in persons with Down syndrome, but this remains

a matter of speculation. The absence of previous reports

of PCNSL in Down syndrome suggest that the combina-

tion might be an incidental finding. However, it is possi-

ble that DLBCL is caused by new changes in miR-155 in

persons with Down syndrome. Molecular biological stud-

ies might help clarify a mechanism underlying the com-

bination of Down syndrome and PCNSL.
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