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1  | INTRODUC TION

Primary vitreoretinal lymphoma (PVRL) is a rare form of non–
Hodgkin lymphoma, with primary lesions limited to intraocular 
tissues: the vitreous and the retina. Although morphological and 
genetic findings show that most cases are diffuse large B-cell lym-
phoma (DLBCL),1,2 the characteristics of tumor cells of PVRL have 

not been defined to date. DLBCL is subdivided into two groups 
based on the genes expressed, the differentiation step or the bi-
ological response of the B cells: activated B-cell (ABC) type and 
germinal center B-cell (GCB) type.3 To determine the subtype and 
biological characteristics of tumor cells of PVRL, we performed 
gene expression profiling analysis using RNA extracted from vitre-
ous samples upon diagnosis.
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Abstract
The characteristics of tumor cells of primary vitreoretinal lymphoma (PVRL) have 
not been defined, although researches have shown that most cases are of diffuse 
large B-cell lymphoma (DLBCL). To determine the subtype and biological characteris-
tics of tumor cells of PVRL, we performed a gene expression profiling analysis. RNA 
was extracted from the vitreous fluid of 7 PVRL patients and from nodal samples of 
10 DLBCL patients: 6 of germinal center B-cell (GCB) type and 4 of activated B-cell 
(ABC) type determined by Hans’ criteria. Six PVRL samples showed gene expression 
profiles that were similar to each other. The patterns were different from those of 
the ABC-type nodular DLBCL but relatively close to those of the GCB-type nodular 
DLBCL. Interestingly, all of the 6 examined PVRL samples had either MYD88L265P or 
mutation in the immunoreceptor tyrosine-based activation motif (ITAM) region of 
CD79B. Five PVRL patients with similar gene expression profiles were treated with a 
standardized regimen: intravitreal administration of methotrexate (MTX) followed by 
six courses of systemic high doses of MTX. As a result, 2 patients had CD79B muta-
tions and showed early central nervous system (CNS) progression. Patients without 
CNS progression did not have this mutation. In conclusion, PVRL had unique genetic 
features: an expression pattern different from ABC-type and relatively close to GCB-
type DLBCL. CD79B mutations showed potential to serve as prognostic markers for 
CNS progression.
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2  | MATERIAL S AND METHODS

2.1 | Patients

The patients were diagnosed and treated at Tokyo Medical and 
Dental University (TMDU) hospital from 2011 to 2018. Samples 
from the patients whose vitreous RNA could be obtained were ana-
lyzed. The study was approved by the ethics board of TMDU and 
written informed consent was obtained from the patients.

2.2 | Diagnosis of primary vitreoretinal lymphoma 

Primary vitreoretinal lymphoma was diagnosed using the following 
criteria according to the previous report2: (a) typical eye involve-
ment: a cloudy vitreous body and/or subretinal proliferative lesions; 
(b) presence of lymphoma cells in the vitreous fluid; and (c) clonality 
of the infiltrating lymphoma cells in the vitreous fluid using either 
PCR analysis of IgH gene rearrangements or flow cytometry analy-
sis. Patients who had (a) accompanied by either (b) or (c) were diag-
nosed with VRL. VRL confined to the eyes at diagnosis was defined 
as PVRL.

2.3 | Flow cytometry

The infiltrating cells were isolated from the vitreous fluid and used 
for flow cytometry. We examined the surface expression of B-cell 
markers (CD19 and CD20), T-cell markers (CD3, CD4, CD5 and CD8), 
κ light chains and λ light chains. We defined a monoclonal κ popula-
tion as one in which the κ/λ ratio was 3:1 or greater, and monoclonal 
λ population as one that had a λ/κ ratio in excess of 2:1, according to 
the criteria suggested by Levy et al.3

2.4 | Samples and microarray

RNA was extracted from the vitreous fluid of PVRL patients with 
an RNeasy Mini Kit (QIAGEN, Hilden, Germany). Lymph nodes of 
patients with nodal DLBCL were used as controls. RNA from the 
lymph nodes of nodal DLBCL was isolated using ISOGEN II (Nippon 
Gene, Tokyo, Japan). Their pathological subtypes were determined 
by Hans criteria.4

Five nanograms of total RNA were used for amplification with an 
Ovation RNA Amplification System V2 (NuGEN Technologies). One 
microgram of purified, amplified cDNA was used as the input in the 
Genomic DNA Enzymatic Labeling Kit (Agilent Technologies). The 
amplification and labeling reactions were carried out according to 
the manufacturer’s instructions. Labeled cDNA was hybridized to a 
SurePrint G3 Human GE Microarray 8x60K v2 (Agilent Technologies) 
according to the manufacturer’s instructions. Relative hybridization 
intensities and background hybridization values were calculated 
using Agilent Feature Extraction Software (9.5.1.1).

2.5 | Raw data analysis and filter criteria

Raw signal intensities and flags for each probe were calculated from 
hybridization intensities (gProcessedSignal) and spot information 
(e.g. gIsSaturated) according to the procedures recommended by 
Agilent Technologies. The raw signal intensities of all the samples 
were log2-transformed and normalized by quantile algorithm with 
the “preprocessCore” library package5 on Bioconductor software.6 
We selected the probes that call the “P” flag in at least one sample to 
identify differentially expressed genes. Then, we applied the Linear 
Models for Microarray Analysis (limma) package in the Bioconductor 
software.7 The criteria for differentially expressed genes were 
a limma P-value < 0.01 and ratio ≥ 10 (upregulated genes) or a P-
value < 0.01 and ratio ≤ 0.1 (downregulated genes).

2.6 | Data analysis

Data were extracted, and agglomerative hierarchical clustering was 
performed on the basis of genes discriminating the GCB and ABC 
signatures, which were initially published by Alizadeh et al.3 A clus-
tering diagram of gene trees and heat maps was generated using 
MeV software (http://mev.tm4.org).

A pathway analysis of the PVRL gene expression dataset was 
performed using gene set enrichment analysis with the KEGG/
BioCarta pathway gene sets. A gene ontology (GO) analysis was per-
formed using DAVID (https://david.ncifc rf.gov/).

Microarray data have been deposited at the Gene Expression 
Omnibus (GEO), which is hosted by the National Center for 
Biotechnology Information, under accession number GSE12 7761. 
Further information about the GEO can be found at https://www.
ncbi.nlm.nih.gov/geo/info/linki ng.html.

2.7 | Mutation analysis

To detect IgH gene rearrangements, a PCR assay was performed 
as described previously. Direct sequencing analysis for the section 
of CD79B encoding the immunoreceptor tyrosine-based activation 
motif region (ITAM) was performed on the basis of methods de-
scribed previously.8 Direct sequencing analysis for MYD88L265P was 
performed on the basis of methods described previously.9

3  | RESULTS

We performed gene expression profiling analysis on 7 samples from 
PVRL patients. The clinical findings of the patients are shown in 
Table 1. We also examined 10 samples from nodal DLBCL patients, 
who served as controls; 4 samples were the ABC-type, and 6 sam-
ples were the GCB-type (Table S1). They had no CNS lesions.

First, we performed hierarchical clustering analysis of the se-
lected genes discriminating the GCB and ABC signatures to clarify the 
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subtypes of PVRL. As shown in Figure 1, 6 of the 7 PVRL showed 
independent patterns from those of the nodular samples but were rel-
atively close to 3 of the 6 GCB-type nodular DLBCL. The gene expres-
sion pattern of PVRL was different from ABC-type nodular DLBCL.

Next, the expression signatures of PVRL were compared with 
those of nodal DLBCL. The top 100 genes that were significantly 
upregulated and downregulated in PVRL compared with nodal 
DLBCL were selected using the limma shown in Tables S2 and S3, 

TA B L E  1   Patient characteristics

Cases Age Gender
Involved 
eye Cytology FCM PCR

IL10/
IL6 Mutation Treatment

CNS 
progression Outcomes

Follow-up 
period

PVRL-1 72 M R + NE NA >1 MYD88L265P ｖMTX + sMTX – Alive in CR 67 Mo

L + + + >1 MYD88L265P

PVRL-2 78 F R NE + + >1 CD79BD193E, Y196N ｖMTX + sMTX + (19 Mo) Lost to 
follow-up 
after CNS 
progression

21 Mo

L + + NA >1 NA

PVRL-3 78 F L NA NA + >1 MYD88L265P ｖMTX + (24 Mo) Lost to 
follow-up 
after CNS 
progression

25 Mo

PVRL-4 78 F R + + + >1 CD79BY196N ｖMTX + sMTX + (11 Mo) Alive in 2nd 
CR (CNS)

50 Mo

L NA NA NA NA NA

PVRL-5 78 F R + + + >1 NE ｖMTX – Alive in CR 23 Mo

PVRL-6 76 F R + + NA >1 MYD88L265P ｖMTX + sMTX – Alive in CR 38 Mo

PVRL-7 76 F R + – + >1 MYD88L265P ｖMTX + sMTX – Alive in CR 36 Mo

Abbreviations: CNS, central nervous system; CR, complete response; F, female; FCM, flow cytometry; L, left; M, male; Mo, months; NA, not available; 
NE, not examined; R, right; sMTX, systemic methotrexate; vMTX: intravitreal methotrexate; WT, wild type.

F I G U R E  1   Hierarchical clustering 
of genes discriminating the germinal 
center B-cell (GCB) and activated B-cell 
(ABC) signatures previously published 
by Alizadeh et al. The RNA samples from 
7 patients with primary vitreoretinal 
lymphoma (PVRL) and 10 patients with 
nodal diffuse large B-cell lymphoma 
(DLBCL) were examined
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respectively. For genes with significant fluctuations in expression 
(P-value < .01), we performed a GO analysis using the DAVID bio-
informatics resource. The analysis identified several gene clusters 
with altered expression (Table S4). The genes with high enrichment 
scores were linked to antigen processing and presentation, T-cell re-
ceptor signaling pathway, viral process, cell division and cell prolifer-
ation. A pathway analysis showed that ribosome, antigen processing 
and presentation, and neurological disease-associated genes fluctu-
ated (Table S5).

Finally, we focused on dysregulated pathways of PVRL with CNS 
progression using the results of the expression analysis. Five GCB-
like PVRL (PVRL-1, 2, 4, 6 and 7) were treated with the same regimen: 
intravitreal administration of methotrexate (MTX) followed by six 
courses of systemic high doses of MTX according to the protocol re-
ported previously.10 Among them, PVRL-2 and PVRL-4 showed early 
progression in the CNS within 2 years after treatment, whereas the 
others did not. Recently, it was reported that MYD88L265P and mu-
tations in the ITAM region of CD79B around Y196 were frequently 
detected in PVRL at rates of approximately 80%11,12 and 35%,13 re-
spectively. As shown in Table 1, our PVRL cases had at least one 
of these mutations. PVRL-1, 6 and 7 had an MYD88L265P mutation 
(Table 1). Interestingly, PVRL-2 and PVRL-4 with CNS progression 
had a CD79B mutation. Patients without CNS progression did not 
have this mutation. We examined genes with significant fluctuations 
in expression (P-value <0 .01) in CNS progression. The top 100 genes 
that were significantly upregulated and downregulated in PVRL with 
CNS progression compared with those without are shown in Tables 
S6 and S7, respectively. Using the genes, we performed functional 
annotation analysis. Enriched functional annotation terms associ-
ated with significantly fluctuated genes in PVRL with CNS progres-
sion are shown in Table S8. As shown in Table S9, the most enriched 
pathway in patients with PVRL with CNS progression (PVRL-2 and 
PVRL-4) was linked to oxidative phosphorylation. The genes related 
to Toll-like receptor signaling pathway were also enriched.

4  | DISCUSSION

The DLBCL subtype of PVRL has been controversial. Wallace 
et al detected t(14;18) in more than 70% of patients with PVRL.14 
The high frequency of translocation in PVRL in this report suggests 
that lymphoma cells originate from GCB with high BCL2 expression. 
By contrast, another group reported that the immunophenotype of 
PVRL tumor cells was MUM1/IRF4+;BCL-6+/−;CD10−, suggesting 
ABC-type DLBCL.15 Our results indicated that the majority of PVRL 
samples exhibited a characteristic gene expression profile: different 
from that of ABC-type nodal DLBCL and relatively close to that of 
GCB-type nodal DLBCL. Interestingly, 6 of 7 patients with vitreous 
DNA available for analysis had either MYD88L265P or mutations in the 
ITAM region of CD79B. It was reported that MYD88L265P and the mu-
tations in CD79B were frequently detected in PVRL.11-13 However, 
these mutations were reported to be infrequent in GCB-type 
DLBCL.16,17 The present findings suggest that PVRL is not identical 

to GCB-type nodal DLBCL and is independent of the reported sub-
types of DLBCL.

The genes that were significantly fluctuated in PVRL in compar-
ison with nodal DLBCL were those related to antigen processing 
and presentation, T-cell receptor signaling pathways and viral pro-
cesses. The pathways associated with neurological diseases were 
also enriched. The genes and the pathways indicated characteristics 
unique to PVLR, although they may reflect the infiltration of reac-
tive cells in PVRL. Two patients, PVRL-2 and PVRL-4, showed CNS 
progression after a standardized regimen including systemic admin-
istration of high dose MTX. They had a mutation in CD79B. CD79B 
codes the Igβ protein of the B-cell receptor (BCR), and the mutations 
in CD79B coding of the ITAM region cause persistently active BCR 
signaling, which leads to cell activation and survival. Reports have 
shown that CD79BY196 mutations are not related to the prognosis of 
DLBCL.18-20 In immune-privileged sites, however, the mutation can 
give lymphoma cells survival benefits without antigen stimulation. 
Interestingly, the genes associated with Toll-like receptor signaling 
pathway located downstream of CD79B were significantly fluctu-
ated in PVRL with CNS disease. Toll-like receptor signaling pathway 
mediates survival-promoting molecules NF-κB and may have roles 
for development of PVRL. Further study is necessary to investigate 
whether the mutation can be used as a PVRL prognostic marker.

The present study has some limitations. First, the amount of RNA 
obtained from the vitreous fluid was small and RNA was amplified 
prior to gene expression profiling analysis. Some bias might have oc-
curred during this step. In addition, the number of the samples was 
small. Additional studies with a large number of samples are required 
to confirm the results.

In summary, PVRL had unique genetic features. CD79B muta-
tions showed a potential to serve as prognostic markers for CNS 
progression.

ACKNOWLEDG MENTS
We are grateful to Ms Megumi Tateishi and Ms Shixing Wu for their 
excellent technical assistance.

CONFLIC TS OF INTERE S T
All authors declare no competing financial interests.

ORCID
Ayako Arai  https://orcid.org/0000-0002-8275-5372 

R E FE R E N C E S
 1. Coupland SE, Heimann H, Bechrakis NE. Primary intraocular 

lymphoma: a review of the clinical, histopathological and mo-
lecular biological features. Graefes Arch Clin Exp Ophthalmol. 
2004;242:901-913.

 2. Wang L, Sato-Otsubo A, Sugita S, et al. High-resolution genomic 
copy number profiling of primary intraocular lymphoma by single nu-
cleotide polymorphism microarrays. Cancer Sci. 2014;105:592-599.

 3. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse 
large B-cell lymphoma identified by gene expression profiling. 
Nature. 2000;403:503-511.

https://orcid.org/0000-0002-8275-5372
https://orcid.org/0000-0002-8275-5372


     |  1421ARAI et Al.

 4. Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of the 
molecular classification of diffuse large B-cell lymphoma by immuno-
histochemistry using a tissue microarray. Blood. 2004;103:275-282.

 5. Bolstad BM, Irizarry RA, Astrand M, Speed TP. A comparison of 
normalization methods for high density oligonucleotide array data 
based on variance and bias. Bioinformatics. 2003;19:185-193.

 6. Gentleman RC, Carey VJ, Bates DM, et al. Bioconductor: open soft-
ware development for computational biology and bioinformatics. 
Genome Biol. 2004;5:R80.

 7. Smyth GK. Limma: linear models for microarray data. In: Gentleman 
R,Carey V,Dudoit S,Irizarry R,Huber W, eds. Bioinformatics and 
Computational Biology Solutions using R and Bioconductor. New York, 
NY: Springer; 2005:397–420.

 8. Kraan W, Horlings HM, van Keimpema M, et al. High prevalence 
of oncogenic MYD88 and CD79B mutations in diffuse large B-cell 
lymphomas presenting at immune-privileged sites. Blood Cancer J. 
2013;3:e139.

 9. Nagao T, Oshikawa G, Ishida S, et al. A novel MYD88 mutation, 
L265RPP, in Waldenström macroglobulinemia activates the NF-κB 
pathway to upregulate Bcl-xL expression and enhances cell survival. 
Blood Cancer J. 2015;5:e314.

 10. Akiyama H, Takase H, Kubo F, et al. High-dose methotrexate fol-
lowing intravitreal methotrexate administration in preventing cen-
tral nervous system involvement of primary intraocular lymphoma. 
Cancer Sci. 2016;107:1458-1464.

 11. Bonzheim I, Giese S, Deuter C, et al. High frequency of MYD88 mu-
tations in vitreoretinal B-cell lymphoma: a valuable tool to improve 
diagnostic yield of vitreous aspirates. Blood. 2015;126:76-79.

 12. Raja H, Salomão DR, Viswanatha DS, Pulido JS. Prevalence of 
myd88 l265p mutation in histologically proven, diffuse large b-cell 
vitreoretinal lymphoma. Retina. 2016;36:624-628.

 13. Yonese I, Takase H, Yoshimori M, et al. CD79B mutations in primary 
vitreoretinal lymphoma: Diagnostic and prognostic potential. Eur J 
Haematol. 2019;102:191–196.

 14. Wallace DJ, Shen D, Reed GF, et al. Detection of the bcl-2 t(14;18) 
translocation and proto-oncogene expression in primary intraocu-
lar lymphoma. Invest Ophthalmol Vis Sci. 2006;47:2750-2756.

 15. Coupland SE, Loddenkemper C, Smith JR, et al. Expression of immu-
noglobulin transcription factors in primary intraocular lymphoma 
and primary central nervous system lymphoma. Invest Ophthalmol 
Vis Sci. 2005;46:3957-3964.

 16. Davis RE, Ngo VN, Lenz G, et al. Chronic active B-cell-receptor sig-
nalling in diffuse large B-cell lymphoma. Nature. 2010;463:88-92.

 17. Schmitz R, Wright GW, Huang DW, et al. Genetics and pathogenesis 
of diffuse large B-Cell lymphoma. N Engl J Med. 2018;378:1396-1407.

 18. Nakamura T, Tateishi K, Niwa T, et al. Recurrent mutations of 
CD79B and MYD88 are the hallmark of primary central nervous 
system lymphomas. Neuropathol Appl Neurobiol. 2016;42:279-290.

 19. Fukumura K, Kawazu M, Kojima S, et al. Genomic characterization 
of primary central nervous system lymphoma. Acta Neuropathol. 
2016;131:865-875.

 20. Kim Y, Ju H, Kim DH, et al. CD79B and MYD88 mutations in diffuse 
large B-cell lymphoma. Hum Pathol. 2014;45:556-564.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Arai A, Takase H, Yoshimori M, 
Yamamoto K, Mochizuki M, Miura O. Gene expression 
profiling of primary vitreoretinal lymphoma. Cancer Sci. 
2020;111:1417–1421. https://doi.org/10.1111/cas.14347

https://doi.org/10.1111/cas.14347

