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Abstract

PRDM1 IBLIMP-1, a master regulator of plasma-cell differentiation, is frequently inactivated in
activated B-cell-like (ABC) diffuse large B-cell lymphoma (DLBCL) patients. Little is known
about its genetic aberrations and relevant clinical implications. We assessed a large cohort of
patients with de novo DLBCL for PRDMI/BLIMP-1 deletion, mutation, and protein expression.
BLIMP-1 expression was frequently associated with the ABC phenotype and plasmablastic
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morphologic subtype of DLBCL, yet 63% of the ABC-DLBCL patients were negative for
BLIMP-1 protein expression. In these patients, loss of BLIMP-1 was associated with Myc
overexpression and decreased expression of p53 pathway tumor-suppressor molecules. Also, we
found that homozygous PRDM!. deletions and PRDM1 mutations within exons 1 and 2 which
encode for domains crucial for transcriptional repression had a poor prognostic impact in patients
with ABC-DLBCL but not those with germinal center B-cell-like DLBCL. Gene expression
profiling revealed that loss of PRDMI/BLIMP-1 expression correlated with a decreased plasma-
cell differentiation signature and upregulation of genes involved in B-cell receptor signaling and
tumor-cell proliferation. In conclusion, these results provide clinical and biological insight into the
tumor-suppressive role of PROMI/BLIMP-1 in ABC-DLBCL patients and suggest that loss of
PRDMI1/BLIMP-1 function contributes to the overall poor prognosis of ABC-DLBCL patients.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoid malignancy,
accounting for 30-40% of all non-Hodgkin lymphoma.l Anthracycline-based combination
chemotherapy, first introduced in the 1970s, is the backbone of therapy for patients with
DLBCL, and currently the standard therapy regimen includes the anti-CD20 antibody
rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP).24
Despite encouraging complete remission and overall survival (OS) rates using this regimen,
up to one third of DLBCL patients suffer from relapse or refractory primary disease.®

The heterogeneous clinical outcome of DLBCL results in part from variable genetic profiles
of this tumor. Gene expression profiling (GEP) has identified two distinct types of DLBCL.:
germinal center B-cell-like and activated B-cell-like (GCB and ABC). Patients with ABC-
DLBCL have markedly poorer survival than do patients with GCB-DLBCL.% 7 However, the
molecular mechanism responsible for this difference is not completely understood.

ABC-DLBCL is characterized by constitutive nuclear factor (NF)-xB activation and genetic
alterations that interfere with terminal B-cell differentiation.8 PRDM!I, located on
chromosome 6g21, encodes for BLIMP-1, a zinc-finger-containing DNA-binding
transcriptional repressor. BLIMP-1 expression is required for the development of
immunoglobulin-secreting cells and maintenance of long-lived plasma cells.® Conditional
PRDM1-knockout mice do not have production of plasma cells or serum immunoglobulins.
10 prDM1 is frequently inactivated in ABC-DLBCL cases as a result of genetic deletions or
mutations or transcriptional repression of it.11: 12 Studies have demonstrated that an
inactivation mutation of PRDM!I is recurrent in approximately 25% of ABC-DLBCL cases.
11-14 Moreover, conditional deletion of PRDMZ in murine B cells facilitates the
development of lymphoproliferative disease resembling human ABC-DLBCL.8 11

Limited research has been done on the clinical implications of PROMI1/BLIMP-1
abnormality in DLBCL patients. In the present study, we investigated PRDMZ deletion and
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mutation and BLIMP-1 protein expression in a large cohort of de novo DLBCL patients
treated with R-CHOP. Our results demonstrated that disruption of PRDMI/BLIMP-1 is
associated with poor prognosis for ABC-DLBCL. We further characterized the potential
molecular mechanisms underlying the tumor-suppressive function of PRDMI/BLIMP-1
using GEP.

MATERIALS AND METHODS

Patients

We studied 520 biopsy specimens obtained from R-CHOP-treated patients with de novo
DLBCL. The diagnostic criteria for DLBCL, patient-selection process, therapy, and
treatment responses were described previously.?® The study was approved by the
institutional review boards of the participating institutions.

Immunohistochemistry

Tissue microarrays prepared using formalin-fixed, paraffin-embedded (FFPE) tissue blocks
of the diagnostic biopsy specimens obtained from the studied patients were stained with an
anti-BLIMP-1 antibody (EPR16655; Epitomics, Burlingame, CA, USA). BLIMP-1
expression levels were determined by estimating the percentage of BLIMP-1* tumor cells in
the tissue blocks. Evaluation of other biomarkers was performed using
immunohistochemistry with corresponding antibodies. Details of the immunohistochemical
procedures and scoring processes were described previously.15-19

Fluorescence in situ hybridization, and PRDM1 and TP53 sequencing

Fluorescence /n situhybridization (FISH) probes spanning the PRDM!J1 gene and
chromosome 6 centromere were generated as described previously.13 Dual-color FISH was
performed using standard procedures. Briefly, 4-x m-thick tissue sections were backed
overnight at 56°C, deparaffinized in CitriSolv, treated with 0.2 N hydrochloric acid for 20
min at room temperature, pretreated with 1 N sodium thiocyanate at 80°C for 30 min,
protease-digested at 37°C for 50 min, refixed in 10% buffered formalin for 10 min, and
derehydrated in a 70%, 85%, and 100% ethanol series before hybridization. The tissue
sections were co-denatured with the addition of a probe for 8 min at 74°C and incubated for
24 h at 37°C in a hybridization oven (ThermoBrite). Posthybridization washes were
performed in 0.4x SSC/0.3% NP-40 for 2 min and 2x SSC/0.1% NP-40 for 1 min at 72°C.
Slides were then mounted with 4,6-diamidino-2-phenylindole (0.5 g/ml) containing an
antifade solution. For one slide containing 25 cases, 200 nuclei of cells were evaluated
independently by two observers (A.T. and V.M.). The overall concordance of their
evaluations was nearly perfect (x = 0.95), so all other slides (200 nuclei/case) were scored
by A.T. only. The ratio of PRDM! signals (green) to CEP6 signals (red) was calculated. If
this ratio was lower than 0.72, heterozygous PRDM!J deletion was considered to be present.
Ratios lower than 0.38 were considered to be suggestive of homozygous PRDM1 deletions.
These ratios were calculated as ratios below the mean plus three standard deviations of green
to orange signal ratios in reference cases (tonsils; 7= 6) and subtraction of tumor-infiltrating
T cells, which accounted for approximately 30% of undeleted alleles. MYC, BCLZ, and

Leukemia. Author manuscript; available in PMC 2018 March 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Xia et al.

Page 4

BCL 6 gene arrangements and copy-number aberrations were detected using FISH, as well.
16, 20

Sequencing of PRDM1 coding regions was performed by Polymorphic DNA Technologies
(Alameda, CA, USA) using Sanger sequencing. Sequencing results were compared to the
NCBI NM_001198 reference sequence, followed by exclusion of all the single nucleotide
polymorphisms (SNPs) documented by NCBI dbSNP database (build 147). The remaining
variates detected by sequencing were considered as PRDM1 somatic mutations. 7P53was
sequenced using a p53 AmpliChip (Roche Molecular Diagnostics, Pleasanton, CA, USA) as
described previously.21

GEP and GCB/ABC classification

GEP was performed using a GeneChip Human Genome U133 Plus 2.0 Array (Affymetrix,
Santa Clara, CA, USA) with total RNAs as described previously.15 21 The CEL files were
deposited in the National Center for Biotechnology Information Gene Expression Omnibus
repository (GSE #31312). GEP classified 407 cases as GCB/ABC subtypes, and the cell-of-
origin of another 111 cases was determined and compared by immunohistochemical
algorithms (Hans, Visco-Young and Choi).1> Cell-of-origin classification based on B-cell-
associated gene signatures has been described previously.22

MicroRNA profiling

An HTG EdgeSeq Whole Transcriptome Assay (HTG Molecular Diagnostics, Tucson, AZ,
USA) coupled with a HiSeq system (Illumina, San Diego, CA, USA) was used for
measuring the expression of microRNAs (miRNAs) in FFPE tissues. Selection of regulatory
miRNAs for BLIMP-1 expression was based on TargetScan and published data.23-27

Statistical analysis

RESULTS

Patients

Clinical and molecular features of patient tumors were compared using the Fisher exact or
chi-square test. OS and progression-free survival (PFS) in the study population were
analyzed using the Kaplan-Meier method, and differences between DLBCL subgroups were
compared using the log-rank test with the Prism 6 software program (GraphPad Software,
San Diego, CA, USA). Multivariate analysis was performed using the Cox proportional
hazards regression model with the SPSS software program (version 19.0; IBM Corporation,
Armonk, NY, USA). Pvalues of up to 0.05 were considered statistically significant.

The clinical characteristics of the study patients with DLBCL (n=520) are summarized in
Table 1. Their median age was 65 years (range, 16-82 years), the median follow-up duration
was 46.7 months (range, 20.0-186.7 months), and the male : female ratio was 1.2:1. Two
hundred sixty-eight patients (52%) had GCB-DLBCL, and 250 patients (48%) had ABC-
DLBCL.
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Homozygous PRDM1 deletion predicts poor prognosis for ABC-DLBCL

We detected homozygous deletion of PRDM1I in 19 (7%) of 292 patients with available
FISH results (Figure 1a and Supplementary Table 1). Patients with homozygous PRDM1
deletions had lower BLIMP-1 protein expression than did those without these deletions (P=
0.055, Figure 1a). Homozygous PRDM!J deletion was not associated with the ABC
phenotype (P=0.34) or any other clinical parameters. OS was significantly shorter in
patients with homozygous PRDM!1 deletions than in those with normal or heterozygous
deletions of PRDMZ1 or monosomy 6 (P = 0.037) (Figure 1b). This difference was
remarkable in patients with ABC-DLBCL (~P= 0.004) but not in those with GCB-DLBCL (P
= 0.98) (Figure 1b). Homozygous PRDM!J deletion was also associated with significantly
poorer PFS in the entire DLBCL cohort (P= 0.0048) and in ABC-DLBCL (P=0.036)
(Figure 1c). Multivariate analysis adjusting clinical features confirmed homozygous PRDM!1
deletion as an independent prognostic factor for both OS (P = 0.032) and PFS (£=0.037). In
the ABC-DLBCL patients, homozygous PRDM1 deletion was an independent prognostic
factor for OS (P=0.032) but not for PFS (P=0.13) (Table 2).

PRDM1 mutation predicts poor prognosis for ABC-DLBCL

We studied PRDM1 mutations in 368 patients with available genomic DNA. Using a quality
score cutoff of 16 (97% confidence), we identified 94 patients (25.5%) had PRDM!1
mutations within the coding DNA sequence region of PRDM1 (Supplementary Table 2). Of
these, seven patients had truncating (nonsense) mutations and two had a frameshift mutation.
Seven of these nine patients had ABC-DLBCL, including four patients with short OS and
PFS (Supplementary Table 3). PRDMI mutation was not associated with the ABC
phenotype (P=0.91) and did not impact survival in the overall cohort or in GCB-DLBCL
patients in particular (Supplementary Figure 1). However, PRDM1 mutation did correlate
with poorer prognosis for ABC-DLBCL (Figure 2a). Moreover, ABC-DLBCL patients
harboring PRDM1 mutations within exon 1 or 2 had markedly shorter survival durations
than did patients with mutations in exons 3-7 or wild-type for PRDM1 (Figures 2b—c). In
comparison, the prognostic impact of exons 1 and 2 PRDM1 mutations on GCB-DLBCL
was minimal (Supplementary Figure 2). Consistently, we found that patients with exons 1
and 2 PRDMI mutations were more likely to have overexpression of both Myc and Bcl-2
than were patients with exons 3—7 mutations in the overall cohort (2= 0.03) and those with
wild-type PRDM1 in ABC-DLBCL (~=0.05) but not in those with GCB-DLBCL (P=
0.44). Multivariate analysis of clinical parameters, Myc/Bcl-2 expression scores, and
PRDM1 mutations indicated that Myc/Bcl-2 co-expression (hazard ratio: 2.9, £< 0.001), but
not PRDMI mutations (hazard ratio: 1.54, £=0.12), was an independent prognostic factor.

We also studied the correlations between various types of PRDMI mutations and BLIMP-1
protein expression as well as PRDM1 deletion. Patients with nonsense mutations or exon 1/2
mutations had lower BLIMP-1 expression than patients without these aberrations, but the P
values for the differences were not significant (Supplementary Figure 3). No significant
associations were observed between PRDM1 mutations and PRDM!1 allelic deletions.
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Loss of BLIMP-1 protein expression correlates with Myc overexpression and decreased
p53 pathway molecule expression in ABC-DLBCLs

Representative immunohistochemical staining of FFPE tissue sections for BLIMP-1 protein
expression is shown in Figure 3a. Using a cutoff of 10%, we found that 132 (25%) of the
520 patients were positive for BLIMP-1. BLIMP-1 protein expression was more common in
patients with the ABC phenotype (37% vs. 15% in GCB-DLBCL, £< 0.0001) and
plasmablast subtype?? of DLBCL than others (P< 0.0001; Table 1). The histogram of
BLIMP-1 expression in the study cohort, and distribution of PRDM1 deletions and
mutations and BLIMP-1 protein expression in 180 patients with all data available is shown
in Figure 3b. Ninety-six of these patients were in the ABC subgroup, 59 of whom (61%) had
BLIMP-1~ DLBCL. Thirty-seven (63%) of the BLIMP-1~ ABC-DLBCL cases had no
detectable PRDM1 deletions or mutations. MiRNA profiling identified that miR-30d-3p,
miR-30d-5p and miR-30b-5p were significantly upregulated in BLIMP-1~ patients without
apparent PRDM1 genetic aberrations, suggesting epigenetic regulations may also play a role
in loss of PRDMI1/BLIMP-1 expression.

In the ABC subgroup, BLIMP-1 negativity was associated with reduced protein expression
for the NF-xB pathway component p65 (£ =0.028), p53 (£ = 0.024; only in subjects wild-
type for 7P53), p53 downstream targets MDM2 (£ = 0.002) and p21 (P= 0.074). BLIMP-1
negativity also was more common in patients without expression of CD30 (P = 0.0082) or
phosphorylated AKT (P = 0.0095) (Table 3). Of note, Myc expression was increased in
BLIMP-1~ cases, with a trend of significance (2= 0.085), and this negative correlation
between BLIMP-1 and Myc overexpression in ABC-DLBCL was statistically significant
when using a higher cutoff (=20%) for BLIMP-1* (P = 0.0062).

In the GCB subgroup, BLIMP-1 negativity was associated with MYC translocation (P =
0.049), mutated p53 overexpression, and decreased p21 expression (£ = 0.0028) (Table 3).
We found several other alterations associated with BLIMP-1 negativity in the overall
DBLCL cohort, including BCL Ztranslocation (P= 0.004), 7P53 mutation (= 0.005),
decreased expression of p63 (2= 0.023), nuclear p50 (£= 0.023) and IRF4/MUML1 (P<
0.0001), increased expression of GCET1 (P = 0.039) and CD10 (P = 0.019), and a lack of
BClL 6translocation. Bcl-6 expression tended to be upregulated in BLIMP-1~ DLBCLs (P=
0.092), especially in patients with mutated 7P53 (P = 0.075).

We did not observe correlations between BLIMP-1 expression and survival in the study
cohort (Supplementary Figure 4). However, BLIMP-1 negativity had an unfavorable impact
on OS and PFS in DLBCL patients with 7253 mutations, although the impact was not
significant (OS, P=0.12; PFS, £=0.074) (Figure 3c).

Homozygous PRDM1 deletion contributes to gene expression signatures of transcriptional

activation

We identified 25 differentially expressed genes (DEGS) between homozygous PRDM1
deletion-positive and -negative DLBCL cases (Figure 4a). Expression of all of the DEGs
was upregulated. Subjects with homozygous PRDM!I deletions had robust transcriptional
activity with upregulation of transcription factors STAT3, HLF, TCF19, TSHZ1, and
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HMGAZ. Accordingly, analysis of the ABC subgroup also identified increased
transcriptional signatures (Table 4). In contrast, we found no DEGs for homozygous
PRDM!1 deletion in the GCB subgroup.

BLIMP-1 expression signatures in the overall cohort resemble those in ABC-DLBCL

We compared GEP of BLIMP-1~and BLIMP-1* DLBCL cases in the overall DLBCL
cohort, in wild-type and mutated PRDM1 subsets (Figure 4a). DEGs were identified in the
overall DLBCL and the subset with wild-type PRDM1 (147 and 32 DEGs, respectively, with
a false discovery rate [FDR] threshold of 0.01), but not in the subset with mutated PRDM,
suggesting loss of wild-type BLIMP-1 function (Table 4). Loss of BLIMP-1 expression in
DLBCL was associated with downregulation of PRDM1, X-box binding protein 1 (XBFJ),
which encodes for a critical regulator of plasma differentiation,28 and its downstream target
genes involved in endoplasmic reticulum, protein synthesis and transportation.29: 30
Moreover, expression of genes related to immunoglobulin production (ELLZ, MGC29506/
MZB1, and ARID3A), cell differentiation (BATF, and /RF4 which transactivates PRDM1
and represses BCL 6 expression31), and B/T cell receptor signaling inhibition (LAXZ) was
also downregulated in BLIMP-1~ DLBCLSs. In contrast, expression of CD22, MS4A1 which
encodes for CD20, BCL11A (upregulated during hematopoietic cell differentiation; a B-cell
proto-oncogene and co-factor with Bcl-6), and BLK which is involved in B cell receptor
(BCR) signaling was markedly upregulated (1.42-fold, 1.54-fold, 1.67-fold, and 1.2-fold,
respectively).

DEGs were also identified in the ABC and GCB subgroups (38 DEGs in ABC with a FDR
threshold of 0.05, Table 4; 22 DEGs in GCB with a FDR threshold of 0.15, Supplementary
Table 4). When analyzed in the wild-type PRDM1 and mutated PRDM!Z subsets separately,
DEGs were only identified in ABC-DLBCL (but not GCB-DLBCL) with wild-type PRDM1
(30 DEGs with a FDR threshold of 0.30, Figure 4a and Table 4). The spectrum of DEGs in
the ABC subgroup was similar to that in the overall cohort, including downregulation of
PRDM1, XBP1, GHITM, DUSP4, TMEM59, APOBEC3B, FKBP11, DNAJC3, DNAJBSY,
MANF, SEC24A, VDR, TXNDC5, ITGAL, and C12orf55, as well as upregulation of
BCL11A, CD22 and CLLUZin BLIMP-1~ ABC-DLBCL cases. /GJwas downregulated in
in BLIMP-1~ ABC-DLBCL whereas CD37 antigen was upregulated. In comparison, the
DEGs identified in the overall GCB-DLBCL (regardless PRDMI mutation status) also
included PRDM1, BCL11A, and DUSP4, but were more likely to be involved in immune
responses (CTLA4, GBP5, C1orf38, HLA-F, and SERPINBI) and metabolism (ACSL1,
LPCAT2, GTPBPS, CTSA, and METRNL) (Supplementary Figure 5a).

Considering the potential prognostic impact of BLIMP-1 expression in DLBCL patients
with mutated 7P53, we additionally compared the BLIMP-1 expression signatures in
patients with mutated 7P53and those wild-type for 7P53. Forty-three and 33 DEGs were
identified respectively in these two subsets with a FDR threshold of 0.20 (Supplementary
Figures 5b—c and Supplementary Table 4). Comparing these two BLIMP-1 GEP signatures,
we found PRDM1, SSR1, and HSP90B1 were common signatures. Unique BLIMP-1
expression signatures in cases wild-type for 7P53included MS4A1/CD20, LAXI, 1GJ,
PRF1, DNAJBY, MOV10, LANCL?Z2, CD2BP2, and IRF1. In the TP53-mutated subgroup,
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STAT3which inhibits BCL6was downregulated in BLIMP-1" cases.32 Other unique
signatures in DLBCL with mutated 7P53included CFLAR, RBPJ, CMAH, DNAJC13,
DLEUZ, VAMPS, and many others.

PRDM1 mutations within exon 1/2 but not mutations in exons 3—-7 showed gene expression

signatures

We further compared GEP between mutated PRDMI and wild-type PRDMI1 DLBCLs
regardless of BLIMP-1 expression. In the overall DLBCL and GCB subset, 103 and 193
DEGs were identified with FDR thresholds of 0.10 and 0.05 respectively. No DEGs were
identified in the ABC subset, however, probably due to heterogeneity. Similarly, GEP
comparisons between cases with mutated PRDMI exon 1/2 and those with wild-type
PRDM1 only identified DEGs in the overall DLBCL (Supplementary Figure 5d and
Supplementary Table 5) and GCB (156 DEGs with a FDR threshold of 0.01) but not ABC
subset. Interestingly, tumor suppressors PTEN and /KZF1 (a transcriptional regulator of
lymphocyte differentiation) were significantly downregulated in cases with mutated PRDM1
exon 1/2. In contrast, no significant genes were found differentially expressed between cases
with mutated PRDM1 exons 3-7 and those with wild-type PRDM1.

DISCUSSION

In this study, we analyzed the clinical and experimental data on 520 de novo DLBCL cases
to determine the tumor-suppressive function of PRDMI/BLIMP-1. Previous studies
demonstrated that loss of PRDMI/BLIMP1 function is critical for the pathogenesis of ABC-
DLBCL.8 11 Herein we provide evidence that loss of PRDMZ/BLIMP1 function is a factor
for poor prognosis for ABC-DLBCL. We found homozygous PRDM!Z deletions and PRDM1
mutations within PRDMI exons 1 and 2 were poor prognostic factors in patients with ABC-
DLBCL. Loss of BLIMP-1 protein expression was common in ABC-DLBCL and associated
with a decreased plasma-cell differentiation signature and upregulation of B-cell antigens.

In univariate and multivariate analyses, we found that the prognosis for DLBCL with
homozygous PRDM1 deletion was worse than that for DLBCL without this deletion.
However, this homozygous deletion only had prognostic significance in the ABC subgroup,
as its impact on prognosis for GCB-DLBCLs was minimal. Although the number of patients
harboring homozygous PRDM1 deletions was small, our GEP still supported reduced
transcriptional repression in patients with these deletions as suggested by upregulation of
transcription factors, including ZNF385C, HLF, and HMGAZ. Notably, we only observed
these gene expression signatures in the ABC group.

Similarly, PRDMI mutations only influenced survival of DLBCL in the ABC subgroup. Our
data further support this by demonstrating that PRDOMI mutations within exons 1 and 2 still
significantly affect survival of ABC- but not GCB-DLBCLs. Therefore, we suggest that
intact BLIMP-1 function is critical for the repression of ABC-DLBCLs. Exons 1 and 2
encode for the first 97 amino acids of BLIMP-1, including the N-terminal acidic domain. An
intact N-terminal acidic domain is critical for the normal transcriptional repression function
of BLIMP-1.33 Researchers showed that BLIMP-1 lacking this domain do not repress the
MY C promoter.3* Interestingly, all but two of the PRDMI mutations identified in our cohort
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were missense mutations. Mandelbaum et a/proved that a subset of missense mutations of
PRDM! can directly impair BLIMP-1’s protein stability as well as its transcriptional
repression function, including 2 missense mutations at P48 (corresponding to 84P in this
article due to different transcripts), the most frequently mutated site within exons 1 and 2 in
our ABC-DLBCLs.!! Although the decreased BLIMP-1 protein expression in patients with
PRDM1 mutations within exons 1 and 2 was not significant, we found that mutations in
exons 1 and 2 were closely correlated with Myc and Bcl-2 co-expression, a previously
identified marker for poor DLBCL prognosis that was overrepresented in the ABC
subgroup.1® GEP analysis results reinforced the notion that BLIMP-1 mutations especially
those in exons 1-2 had lost functions of wild-type BLIMP-1.

At the protein level, although BLIMP-1 expression was frequently associated with the ABC
phenotype of DLBCL, 63% of the ABC-DLBCL patients lacked BLIMP-1 protein
expression. Over half of these BLIMP-1~ ABC-DLBCL patients had no apparent genetic
changes in PRDMI. In vitro studies have demonstrated that BLIMP-1 can be inactivated by
constitutively active Bcl-6.9 11 We found a negative correlation between Bcl-6 and
BLIMP-1 expression with borderline significance. Also, expression of BCL11A, a co-factor
with Bcl-6, was upregulated in our GEP analysis of both ABC and GCB subtypes of
BLIMP-1~ DLBCLs.35 Additionally, PRDM! can be epigenetically regulated by diverse
miRNAs including miR-23, miR-9, and let-7a. 23-27 Using miRNA profiling, we found
upregulation of miR-30d and miR-30b-5p in BLIMP-1" cases without genetic aberrations
compared to BLIMP1™" cases. Further functional evidence are needed to elucidate the
regulation between these miRNAs and BLIMP-1 expression.

ABC-DLBCL patients without expression of BLIMP-1 had decreased expression of the
tumor suppressor protein p53 and its downstream targets MDM2 and p21 as well as
increased expression of Myc which promotes cell proliferation.3¢ Therefore, in BLIMP-1~
DLBCL cases, decreased p53 signaling and Myc overexpression may synergistically
promote tumor progression. In addition, loss of BLIMP-1 expression was associated with
dysregulation of NF-xB pathway molecules. Induction of PRDMI mRNA expression in B-
cell lymphoma cell lines can be blocked by NF-xB inhibitors.3” Recently, Heise et al.
proved that NF-xB subunit p65 (RELA) is required for the induction of BLIMP-1
expression, which is consistent with the positive association of p65 expression and
BLIMP-1* in our ABC DLBCL cohort.38

Surprisingly, BLIMP-1 protein expression was not a survival predictor in the present study.
Gyory et al. found that the alternative splicing protein BLIMP-18, which lacks the first three
exons in the normal BLIMP-1 protein, does not have transcriptional repression activity.33
Consistently, detection of BLIMP-1p mRNA expression in tumor cells has been associated
with poor prognosis for ABC-DLBCL.3? Using our immunohistochemical assay, we could
not discriminate between the normal BLIMP-1 protein and BLIMP-1p. The presence of
BLIMP-1B in our cohort may reduce the prognostic impact of normal BLIMP-1 by
diminishing its ability to repress the activity of downstream targets such as Myc and Bcl-6.

However, lack of BLIMP-1 expression seemed to be an unfavorable prognostic factor for
DLBCL in patients with aberrant p53 statuses. Kusam et a/. reported that Bcl-6 can
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immortalize primary B cells and greatly increase B-cell function only in the absence of
normal p53 function.#? BLIMP-1 is a known transcriptional repressor of BCL6:4! We found
that BLIMP-1 positivity was closely associated with absence of Bcl-6 protein expression in
our group of DLBCL patients with mutated 7P53. Therefore, BLIMP-1 may inhibit the
proliferation of tumor cells harboring mutated 7P53 by repressing Bcl-6 activity.
Consistently, GEP analysis in DLBCL patients with mutated 7P53found that expression of
IRF4 and STAT3, activators of BLIMP-1 as well as inhibitors of BCL6, 3132 was
downregulated in BLIMP-1~ subgroup.

The BLIMP-1 negativity signature in the overall cohort of DLBCL patients was similar to
that in the ABC subgroup: both were characterized by downregulation of plasmacytic
differentiation and upregulation of B cell antigens. BLIMP-1’s role in promoting
plasmacytic differentiation?” of DLBCL was indicated by downregulation of XBPI along
with several of its downstream targets involved in protein synthesis in endoplasmic
reticulum and transportation in BLIMP-1" cases.*2 XBP1 is a transcriptional activator that
acts downstream of BLIMP-1. BLIMP-1 and XBP1 are jointly required for the
establishment of terminally differentiated plasma cells.28 Moreover, we found that
expression of genes involved in immunoglobulin production (ELL2, MZB1, and ARID3A)
and cell differentiation (BATF) was downregulated in the BLIMP-1" group. On the other
hand, loss of BLIMP-1 expression in DLBCL correlated with upregulation of CD22and
BLK and downregulation of LAX1 that have important roles in regulating BCR signaling.
Importantly, expression of MS4A1 (encoding CD20) was also upregulated in BLIMP-1~
cases, possibly indicating an increased therapeutic effect of rituximab in patients with
BLIMP-1~ DLBCL as suggested previously.*3 44 In line with the role of BLIMP-1 in
plasmacytic differentiation suggested by GEP analysis, the cell-of-origin analysis based on
B-cell-associated gene signatures?? also showed positive correlation between BLIMP-1
expression and the plasmablastic subtype of DLBCL (Table 1).

The anti-proliferative effect of BLIMP-1 on DLBCL was also suggested by the GEP results
as cell-cycle suppressors (e.g., CDKNIB, GADDA45A, GHITM, DUSP4) were upregulated
in BLIMP-1* DLBCLs. Also, /n vitro experiments have demonstrated that B-cell
proliferation in DLBCL cell lines was promoted upon acute ablation of BLIMP-1 and that
BLIMP-1 inactivation led to B-cell lymphomagenesis and shortening of life spans in mouse
models of DLBCL.8 11 Reintroduction of BLIMP-1 into a DLBCL cell line likely represses
the cells’ proliferation by turning off MYC and other genes involved in cell-cycle
progression and DNA repair.*> A brief network of BLIMP-1’s functions and regulation
generated from our results is presented in Figure 4b.

Collectively, the results of the present study demonstrated that loss of PRDM1/BLIMP-1
function contributed to the overall poor prognosis for ABC-DLBCL in three ways. First,
genetic PRDM!1 aberrations (including homozygous deletions and mutations) affected the
prognosis for ABC- but not GCB-DLBCLSs. Second, a lack of BLIMP-1 expression
correlated with an impaired p53 signaling pathway and Myc overexpression in ABC-
DLBCLs. Third, the GEP results for the overall DLBCL patient cohort resembled those for
the ABC subgroup, both indicating downregulation of plasmacytic differentiation of
DLBCLs and upregulation of B antigen and BCR signaling in BLIMP-1~ tumors. These data
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may suggest that inactivated BLIMP-1 facilitates DLBCL progression through Myc and
BCR signaling which are essential for survival of ABC-DLBCL.18: 46 Therapeutic
approaches that restore the normal function of BLIMP-1 may help drive terminal
differentiation of tumor cells and overcome the chemoresistance of ABC-DLBCL.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Homozygous PRDM! deletion in DLBCL cases. (a) Representative examples of FISH

results with heterozygous PRDM! deletion (of note are a mixture of cells with two green
signals, corresponding to centromere 6, but lacking red signals, corresponding to PRDML,
and cells with two green signals and one red signal), homozygous PRDM1 deletion (of note
are two green signals but a lack of red signals in the majority of the cells; one cell in the
center of the microphotograph has both red and green signals and serves as an internal
positive control), and monosomy 6 (all cells have only one green and one red signal).
DLBCL patients with homozygous PRDM1 deletions had lower levels of BLIMP-1 protein
expression than did the rest of the studied patients. (b—c) The impact of homozygous
PRDM!1 deletion on OS and PFS in all patients with DLBCL, patients with ABC-DLBCL,
and patients with GCB-DLBCL. Patients with this deletion had shorter OS and PFS
durations than did patients with normal FISH signals, heterozygous PRDM1 deletions, or
monosomy 6. This trend was greater in patients with ABC-DLBCL than in GCB-DLBCL.
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Figure 2.

Correlation of PRDM1 mutations with poor prognosis for DLBCL. (a) In ABC-DLBCL,
patients with PRDM1 mutations had shorter OS and PFS durations than did patients with
wild-type PRDM1. (b) PRDMI mutations within exons 1 and 2 had even greater poor
impact on OS and PFS compared to did the overall mutation cohort. (c) The detailed
distribution of PRDMI mutations within exons 1 and 2.
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Figure 3.
BLIMP-1 protein expression in DLBCL. (a) Representative immunohistochemical stains of

DLBCL sections for BLIMP-1 protein expression. (b) The histograms of BLIMP-1 protein
expression in all DLBCL patients, and the distribution of PRDM!J deletions and mutations
and BLIMP-1 protein expression in 180 patients with all these three data available.
Expression of miR-30d-3p and miR-30b-5p was elevated in BLIMP-1~ DLBCL patients
without PRDM!1 genetic alterations. (c) The impact of BLIMP-1 protein expression on OS
and PFS in DLBCL patients with mutated 7/53.
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Gene expression profiles for the overall and ABC-DLBCL patients and the BLIMP-1
network in DLBCL. (a) Differential expression of genes between patients with and without
homozygous PRDM1 deletions, and between patients with and without BLIMP-1 protein

expression. Differential expression of genes were only found between wild-type BLIMP-1*
and BLIMP-1~ DLBCLs but not between mutated BLIMP-1* and BLIMP-1~ DLBCLs. (b)
A brief network of BLIMP-1’s functions and regulations summarizing our results. BLIMP-1
can be activated by p53, IRF4, and NF-xB signaling. BLIMP-1 represses the transcription of
MYC, B-cell antigen/surface receptors, and germinal center programs, whereas activates
LAXI which inhibits B-cell receptor (BCR) signaling, therefore leading to attenuated BCR
signaling and decreased tumor cell proliferation. BLIMP-1 also transactivates XBP1 and

EL L2 which results in activation of plasmacytic differentiation and immunoglobulin
production.

Leukemia. Author manuscript; available in PMC 2018 March 05.



Page 19

Xia et al.

Author Manuscript

SnJels aduewlolad 90903
(%e2) 1S | (%9) T (%e2) 65 | (%82) 52 (%€2) 18 | (%92) €€ [4S
€10 | (%82) L6T | (%w6) LT | 680 | (%L2) 00z | (%2L) S9 160 (%22) 182 | (%vL) €6 -0
S8}IS [epOURIIXD JO 'ON
(%09) 95T | (%95) 0T (%£8) OvT | (%99) LS (%29) 2zz | (%6S) 2L pajens|3
080 | (wov)zot | (wvv)8 | 210 | (%ev) 20T | (%) OE 850 (% 8e) veT | (%1v) 6 [eUWION
13731 HA'
(%£)86 | (%12 ¥ (%ee) v8 | (%sv) 68 (%ee) zet | (%6€) 05 N
220 | (%€9) G9T | (%6L) ST | 6800 | (%89) 92T | (%SS) 87 v20 (%29) vvz | (%19) 8L ON
swoldwAs-g
(%28) GeT | (%zv) 8 (%58) LvT | (%68) 25 (%€3) 86T | (%€S) L9 A=l
8v'0 | (%81) 92T | (%8%) TT | ¥50 | (%Sp) 02T | (%Tv) 9 96'0 (%) 6.1 | (%L¥) 09 -1
abel1s
(%8y) 0T | (%zv) 8 (%T¥) 21T | (%9P) £¥ (%ey) 9T | (%6€) TS aewaS
180 | (%2Q) evT | (%8S9) 1T | Lv'0 | (%69) 29T | (%¥S) TS 90 (%89) vez | (%T9) 18 e
J8pus
(%89) 65T | (%LV) 6 (%£8) 25T | (%6S) &S (%28) zzz | (%09) 62 Aog =
Lo | (wey) viT | (%es) 0T | 060 | (%ev) LTT | (%Tv) 6€ 19'0 (%ey) 99T | (%0v) €5 Aog >
sIeak ‘aby
(%eT) 5S¢ 0 (%eT) £ (%02) 9 (%9) 5T (%€9) 62 SOA
120 | (%28) 38T | (%001)6 | Tv'0 | (%.8)8y | (%08)Ge | 1T0000> | (%v6) 652 | (%LY) SS ON
adAigns onsejqewse|d
(%6Y) vET | (%€9) 2T (%8Y) T€T | (%61) 97 (%Tv) 8ST | (%0L) 26 oav
ve0 | (919)8eT | (928) 2 | 160 | (%2S) TvT | (%19) 8y | 10000> | (%6S) 622 | (%0€) 6€ a09
uibuo-J0-1190
€Lz 67 .2 6 88¢ [43) sjuaiyed Jo ‘ON
d annebaN 3AINISOd d anirebsN 3AINISOd d anirebaN 3AIISOd
So|gelden
uons|ap TINAHd snobAzowoH uoneinw TNQdd uoissaidxa uiayoad T-dNI19

uongejap snobAzowoy pue uoneINW Z/Fed ‘uoissaldxs T-dINI1Tg yum suained 10g1@ Jo sainieay [ealuld

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Leukemia. Author manuscript; available in PMC 2018 March 05.



Page 20

Xia et al.

"aseasip anissalbold

‘ad ‘aseasip a|qels ‘gs ‘asuodsal Jended ‘Hd ‘asuodsal 818]dwoo ‘YD ‘xapu| ansouBold [euolreulalu] ‘14| ‘eseusbolpAyap sreloe| ‘HAT ‘dnois ABojoouQ aAnesadood ulaises ‘90D [SuoneIAIgqaY

Author Manuscript

(%2) 6T 0 (%8) 12 (%) L (%8) z¢ (%Sv) 9 ad
(%W) 1T (%9) T (%v) 2T (%¥) v (%5) 8T (%Sv) 9 as
(wrtn) 62 | (W12 ¥ (%eT) 6 | (%61) 8T (wer)es | (%wer) LT d
850 | (w8 viz | (wwl) vT | 820 | (%S2) 902 | (%69) 59 2€0 (%v.) 982 | (%8L) €0T te}
asuodsai Adetay
(%6€) 0T | (%2eE) 9 (%2€) 96 | (%9v) zv (%8¢) 2vT | (%T¥) €5 G-¢
160 | (%719) 09T | (%89) €T | ¥T'0 | (%€9) 99T | (%¥S) 05 650 (%z9) 1€2 | (%6S) LL z-0
3109s |d|
(%9v) 80T | (%€e) S (%Tv) 88 | (%6€) ¥2 (%vv) 82T | (%9€) g€ wog 2
ev'0 | (%¥S) 62T | (%29) 0T | 880 | (%6S) 62T | (%T9) 8¢ 6T°0 (%99) 29T | (%¥9) 19 wog >
Jown) 1sabue| Jo 8zIS
wmey | (wiDe (6vT) ve | (%82) v2 (%21) 65 | (%9T7) 61 Z%=
G0 | (%€8) v0z | (%68) 9T | S00'0 | (%98) 80z | (% 2L) 19 €80 (%e8) 682 | (%v8) 66 -0
d aniebaN 9A1}ISOd d annebaN 3AILISOd d aniebaN BA1ISOd
s9|gelden
uons|ap TINQYd snobAzowoH uoneInw TNadd uoissaadxa usyoud T-dINI19

Author Manuscript

Author Manuscript

Author Manuscript

Leukemia. Author manuscript; available in PMC 2018 March 05.



Page 21

Xia et al.

‘|eAJBIUI BOUSPIIUOD ‘1D ‘01R) plezey ‘YH ‘81| |[39-9 PaleAnoR ‘OgY SUONRIABIGQY

65'v—€80 | S6'T €10 | ST980°T | 85¢C ¢e00 8T'v—G0'T | 60°C LEOO S9v-L0'T | €2¢ ¢€00 uons|ap snobAzowoy TNGHd
¥8'T-0L0 | ¥T'T 090 | 9¢¢-080 | S€T 920 99'T-¥9°0 | ¢T'T 990 ¢0'c—L80 | €€T 810 WoG< 9ZIS Jownp
GL'€-0¥'T | 62'¢ | TOOO | €§V—LS'T | L9C | TO0O0> | 68°€-9LT | ¢9'C | TOO'0> | ¥9¥—96'T | ¢0°€ | T000> ¢<Idl
¢E'CE80 | 6€T T¢0 | L€¢6L0 | LET 920 61°¢-L60 | S¥'T ¢L00 0S'¢—v0T | 297 T€00 swoldwAs-g
¢8'1-/90 | OT'T TL0 | 66'T-990 | STT €9°0 LET-¢90 | ¢6°0 690 LE7-85°0 | 680 090 X3S 9lewsy

10 %S6 dH d 10 %56 HH d 10 %56 dH d 1D %56 dH d

[eAIAINS 9a.4-UoIssalfiold [eAIAINS [[e43A0 [eAIAINS 9344-U0ISsa1B0.1d [EAIAINS [[B43A0

104971a-0av 10491d

Author Manuscript

10971a-09V pue 10971Q Ul SUoNs|ap T//ded SnobAzowoy Joy sisAjeue aeLieAn|niy

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Leukemia. Author manuscript; available in PMC 2018 March 05.



Page 22

Xia et al.

500 (v8eres) wvt | (cer/82) wiz | 280 | (L2z/Le) %91 | (6€/2) %8T | 28000 | (9ST/ST) %0T | (26/T2) %EC | 91 +08d0
€000'0 | (L9€/0€T) %SE | (92T/v9) %1 10 (ST2/6L) L€ | (L€/6T) %TS | S600°0 | (TST/TS) %ve | (88/SY) %IS | €6v %0€ 2 1Mvd
€200 | (zee/501) %1e | (STT/0S) %y | 9T0 | (96T/0S) %9z | (Se/eT) %Le | 6€0 | (Tw1/sS) w6E | (6L/9€) %9y | eSv %02 < 05d Je3|oNN
€10 (8v€/96T) %95 | (BTT/LL) %S9 0T (86T/12T) %19 | (¥€/T2) %29 | 8200 | (6Y¥T/S2) %0S | (#8/SS) %99 | L9v +G9d JesjanN
€000'0 | (98€/0LT) %vy | (TETWE) %9z | 2150 | (822/6ST) %0L | (6€/S2) %v9 | L¥0 (8sT/TT) %2 | (26/6) %OT | LIS %0€ < 0TAD
6£0°0 | (28e/eeT) %se | (62T/2€) %Sz | #80°0 | (9zz/ezT) %vs | (6€/ST) %8E | G200 (5eT/eT) %8 | (06/LT) %6T | TIS %0§ < 11309
T0000> | (58€/99T) %ey | (0£T/06) %69 | 2900 | (Lz2/1s) ee | (6€/7T) %SE | ¥S00 | (8ST/STT) %eL | (T6/92) %¥8 | SIS | %0E < TWNA/YYI
€0000 | (zeessl) wee | (8TT/8Y) %Iy | 82000 | (€6T/92) %6T | (8€/9T) %2y | v200 | (6€T/6€) %82 | (08/2E) %0¥ | 0S¥ %G < Ted
v0000 | (cge/ten) wve | (1€1/89) %2S | STO | (9cz/rs) wve | (6€/8T) %9¥ | 81000 | (95T/v2) %se | (T6/0S) %SS | €15 %0T < ZWAN
€200 | (TLe/SPT) %6E | (82T/99) %TS | 0OT'0 (ST2/18) %8E | (8E/02) %ES | STO (551/€9) %1Tv | (68/SY) %IS | 66V %0T Z £9d
200 (98/¥9) %vL D) %vy | L1000 | (2S/0%) %0L (9/1) %L1 020 (6z1v2) %es | (01/9) %09 | ot %02 Z £6d paremnin
6v0°0 (9v2/L8) ez | (20T/vE) weE | 280 (9eT/5e) %9z | (ce/e) w8z | 200 | (01T/22) %0z | (0L/52) %9 | 8vE | %0¢ = £5d-adA) piim
z8°0 (ceermer) woe | @TU/TY) wse | 020 | (e6T/S.) %wse | (8E/0T) %9z | 9v0 | (6ET/9v) %ee | (08/1€) %6E | 0SY %02 < £5d
5000 (Tvere8) %9z | (8TT/9T) %vT | 2200 | (86T/6S) %0 | (8€/9) %9T ST'0 (zv/0€) %1z | (08/0T) %ET | 6SY uoneINW £64.4
2600 | (18e/8v2) %S9 | (621/€L) %.S | €20 | (vee/tit) 9L | (6€/92) %99 | 690 | (261/22) w6y | (06/Lv) %eS | 0TS %05 Z 9-1°9
6700 (T9z2/5L) w6z | (T0T/ek) %2y | 900 (65T/9¢) %z | (TE/ZT) %0Y | €50 (tot/6€) w6E | (69/0€) %by | 29€ uoneoojsuen970g
ST0 (egermer) wove | (1€1/98) %8z | ST0 | (cze/s9) wee | (6€/2) %8T | G800 | (851/99) %oy | (16/82) %TE | €TS %0L 2 9AN
€10 (zez/e) %eT (001/2) %L 6700 | (0€T/v2) %8T (0e/T) %€ L0 (ToT/2) %L (0L/9) %6 cee UOIIeIOJSUBLL DA N
190 (e8e/68T) %6y | (TET/T9) %Ly | TT0 | (Sze/96) %Ly | (6E/TT) %8z | 090 | (LGT/66) %6S | (T6/0S) %SS | ¥TS %0. Z 2199
ev00'0 | (T0€/59) %ze | (9TT/TT) %6 LT0 (eL1/09) %SE | (9€/8) %22 0T (221/5) %y (08/€) w8€ | LTIv uoneodojsuenz7og
2600 | (v8£/9€2) %29 | (ceT/e6) %TL | 220 | (Gze/9eT) %09 | (6€/22) %95 | 9900 | (85T/20T) %S9 | (26/0L) %9L | 91§ %0L T 29
T000°0> | (28¢/8ST) %Tv | (TET/26) %0L - - - - - - 81S adfigns ogv
88¢ =U/ T =U 62z =U 6 =U 85T =V B =U 025 "ON Julled
d _T-dNITg +T-dNITg d _T-dNIg +T-dINITg d _T-dNI1g LI-dINITIg sa|qelIeA
10471a I1esen0 10491a-909 10491a-09v [eoL

Author Manuscript

712971Q ul sixewolq eaibojoiq pue d1bojoyred Ylim uoIR|a1I09 S)I pue uoissaldxa ulalold T-dIN119

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 05.

in

available

Leukemia. Author manuscript;



Page 23

Xia et al.

£OIW R - UMy - 8dIVHANL dn uoissaaddns Jowny ‘yyesp 19D
INTVO 'VENIYND
) . » ‘CHEMI ‘GESTWIN.L ‘9dVNID ) B
Han 18141 HdN vdSNd TN TAIAS ToNIdHTS umoqg
GINMQO HAN ‘TCHIN ‘#dSNa Buijeubis
pue ‘uoireaayijoad ‘asuodsau abewep YNNG
wm_w\,h%mﬁww\mw IS ZH00TD 21N19N43S UITeWoayd ‘uoiedtjdal YNQ ‘91942 119D
ar4d V27084 9XL1S ‘644D TNTTO 9IV9217S 'TNT70 ¢ TVOMVYNS ‘tVHAIT an
. IIVENATD HIVENNTD Tde TN
EIdIYL ZddTIN
MT3S TdVd¥T ‘TW=N 2W3a3
EIZ4ANY ‘V$2O3S $ZJ105TD
£IrVNG SNV 64rvva EIVASH ANV 67TINY 9TV
2dg92A0 ‘€XVZ413 68rvNad SYdSH VL GarYNG PSS EXVZHIT ANV ‘TOFTHT Dr T4V €YSS 'T&SS OITOFS
THSS ETVASH TOFT4T ANV ‘Tdax X TH065 TIdE EIVESH Y¥ZO3S €OrvNa | JVLIT VEQINY €dvT 68rvNG - - umoq sseas wnjnonas aiwsejdopus
Trz34n ‘1e3dn Trdg4 TWadd Sasdl 113 TN TANd&IH 'TdgX 84187 GI4vS 'TLVIN SINVA ‘9510 ‘uoneriodsue) pue ‘BuIp|o} ‘SIsaUIuAS
ITdgXH ‘239N ‘TNASd | €OrYNG #4SS INMX TENS ur101d ‘BUIssa00.d YN *10198) ondiiosuel |
EXNNY SHYM EDLHO TIdGMH
‘T06dSH 'Tdax 2779 TWaMd
g9v9709 9IV90TS Z4HMTTd _ 0TOrYNG ZavaL ZVONWH “TL4V1L ZVONH ‘TZHS.L dn
0IorvYNag vININFS 17/ €177 C4HXTTd YONINFS 17/ €TT7 ¥894NZ 4TH 61401 4TH €1VIS
- IXV7 - CO9HL /17 dHVL - - umoqg
uoneinfal pue 101dadad adeins/uabiue J/q
2800 ZINI9 TVESW 2£40 2zdo M79 ZINDD ZzdD ‘TvrSW - - an
- VA4 - F1Ve GNATS - umoqg
uonenuaiayia
IdXxo+ VIriog IdX04 'vII7049 VIriog - rvddd an
IdV/L ‘TAVHEDZ ‘9056209
‘Td9Z 'Wed GOMTIN 2441
‘G-VIH O-VIH ‘HIZT1 'S420
. . Idvi ; ; 2182 'TOaI ‘'V.Z9VvY 8£4H0TD _ _
v/28ave ‘9€0390dV o1 FTINYT DI T v/28ave ‘9€0390dY o1 NOYS T4 01D ‘OTHIO umoq a1 LORBLEULRUMULL] SUDIoo
ILVIS O9PWVH ZdE9 Sdd9
'g£2390dV ‘YWZ9 ‘Tdg9
‘gHZT T48d ZANWVTS 'GNZO
- - - CHNO 2d4IN 017 Zd&TIN an
€0>da4 T0°0>dad S0'0 > dd4d 100> dd4 €0>da4d T0>ydd4d KaoBa1e0 uonouny
10971a-0av 10474d lledsA0 10971a-0av 104971d lledsro 10971a-0av 1047d lledsAO

104971d

aAIIsod- ‘s anlrebau-uisloid T-dIN119 2dA-plIA

104971d

ansod- "sA anrebau-uislodd T-dIN119 [[e4an0

10971a dAnefau
- 'sA anisod-uons|ap TINAXd snobAzowoH

Author Manuscript

10971a annisod- pue aanebau-uialold T-dIN 119G usamiaq pue 1091 aalebau- pue aanisod-uons|ap IWdd s snobAzowoy usamiaq sausb passaldxa Ajjenusiagig

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Leukemia. Author manuscript; available in PMC 2018 March 05.



Page 24

Xia et al.

04410910 DZZTWVH LE962T00TI0T

g/00HT €5068200T007

96TH00ZD 'GGHOZTO - 226682007 LOMIN 8TITVVIM - - umoQ
ZGTOOVINYON /) TL¥T#SO0T
Tosornvs raELT 904 e
R TTdAS VEWISL-9NIHL /1) vEWIHL SLVON ZH0/899W O80TV dn
VY. VHONS 262TNYH // Z9TISIOOT LEM08D TTdAS YIELLE SH4I0r00 7
“VCREINT cOISHOSd DS864NZ
GG4I0ZTD 'VEIANS o
R R . 0IgSWL “TV9.L1 2dvO0! R R
5410210 “Tv/9L/ WH/FLLN TILN OTIN umed —
XILW HILW VeI TWavo Je|n|[3oea1xs ‘u018|axsolAd ‘Aljnow ‘uoisaypy
) ETVOIN 2XLd } .
ETVOIN cMLd TAVYT TINVY PYOHGd SHHOrTO WY IHN dn
7SOV X419 '970dV SS9
A 3 . WV 'TIVS V19 8V6EDTS ) B
BININL S5O _GHrd ZdoV 179 NXL umea
€dos 6SWINL TIdIM LSHO ssa.1s aAlrepIxo ‘ABeydoine ‘wsijogelsiy
VoTvO §a91 €Ivzois v1vOodT7 d
6V6£071S TWSOV - 6V6£I7S 'T984LY . ; ; YLVOdT SO20W 2IN0T73 n
T899 GLILIAD & 1IN CHGEAD EIVZOTS THGEAD
EXONEY WLIHO
6SWINL 'SOANXL HV 140 SOANXL T TN WLIHD 'SOaNXL Veraavo TION 1IN - - umoQ
GEWINL UV T4 'SOANXL
€0>dad 100> dad4 G0'0 > dad 100 > dad €0>dad T'0>ddd As0Bayed UOIROUNS
104971d-0gv 104d714d I[e43n0 109713d-0av 10a7d [[e4en0 104971d-0av 104d7d I[e43n0

1041d

anisod- 'sa anebau-uislold T-dIN 119 9dA-plIAn

104971d

ansod- ‘sA anlrebau-uislodd T-dIN11g 11e43A0

10971a dnelsu
- 'sA ann1sod-uona|ap TINAXd snobAzowoH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Leukemia. Author manuscript; available in PMC 2018 March 05.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Immunohistochemistry
	Fluorescence in situ hybridization, and PRDM1 and TP53 sequencing
	GEP and GCB/ABC classification
	MicroRNA profiling
	Statistical analysis

	RESULTS
	Patients
	Homozygous PRDM1 deletion predicts poor prognosis for ABC-DLBCL
	PRDM1 mutation predicts poor prognosis for ABC-DLBCL
	Loss of BLIMP-1 protein expression correlates with Myc overexpression and decreased p53 pathway molecule expression in ABC-DLBCLs
	Homozygous PRDM1 deletion contributes to gene expression signatures of transcriptional activation
	BLIMP-1 expression signatures in the overall cohort resemble those in ABC-DLBCL
	PRDM1 mutations within exon 1/2 but not mutations in exons 3–7 showed gene expression signatures

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4

