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MicroRNAs as prognostic markers in indolent
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Indolent primary cutaneous B-cell lymphoma is a group of malignant lymphomas comprising marginal zone
B-cell lymphoma and centrofollicular B-cell lymphoma. Relapse rate of these tumors is close to 40%, and
identifying those patients who are likely to progress remains a challenge. The aim of this study was to
characterize the microRNA (miRNA) expression profile of a series of primary cutaneous B-cell ymphomas and
correlate with histological and clinical findings. We studied a series of 68 patients with primary cutaneous B-cell
lymphomas (30 cutaneous marginal-zone B-cell lymphomas and 38 primary cutaneous centrofollicular
lymphomas). A set of 11 miRNAs associated with the differentiation stage of B cells was quantified by real-
time PCR, using RNA extracted from formalin-fixed, paraffin-embedded tissue diagnostic samples. Relevant
clinical variables were retrieved in a subset of 57 patients (28 cutaneous marginal zone B-cell lymphomas and
29 primary cutaneous centrofollicular ymphomas). miR-150 was upregulated in cutaneous marginal zone B-cell
lymphomas relative to primary cutaneous centrofollicular lymphoma samples (false discovery rate <0.05).
miR-155 and miR-150 expression levels were associated with progression-free survival in a univariate
Cox regression analysis (P<0.1). After stratification by histological subtype, low-expression levels of miR-155
and miR-150 were both associated with shorter progression-free survival only in primary cutaneous marginal
zone B-cell lymphomas cases (log-rank test, P<0.05). In summary, miRNA expression analysis can be used as a

tool for diagnosis and outcome prognosis in indolent primary cutaneous B-cell lymphoma.
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Primary cutaneous B-cell lymphoma is a hetero-
geneous group of malignant lymphomas. Primary
cutaneous B-cell lymphomas are the second most
common group of extranodal lymphomas after
mucosa-associated lymphoid tissue lymphomas of
the gastrointestinal tract. The two most common
disease entities in this group are primary cutaneous
marginal zone B-cell lymphoma and primary cuta-
neous centrofollicular lymphoma. Leg-type cuta-
neous B-cell lymphoma is a less common type of
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lymphoma in this location and has particular
clinicopathological features that exclude it from
the group of indolent cutaneous B-cell lymphomas.

Primary cutaneous marginal zone B-cell lympho-
ma is an indolent lymphoma composed of small B
cells, including marginal zone (centrocyte-like)
cells, lymphoplasmacytoid cells and plasma cells.
Immunohistologically, the neoplastic marginal zone
cells express CD20, CD79a and BCL2, and are
negative for CD5, CD10 and BCL6.%? Primary
cutaneous centrofollicular lymphoma is a tumor
of neoplastic follicle center cells, with a mixture of
centrocytes and centroblasts. Different growth
patterns can be found, including purely follicular,
mixed follicular and diffuse patterns, and a diffuse
growth pattern. The neoplastic follicle center cells
express CD20, CD79a and BCL6. CD10 is positive to
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a varying extent. Primary cutaneous centrofollicular
lymphoma does not commonly express BCL2,
MUM-1 or FOXP1.1-8

By definition, all these lymphomas are restricted
to skin at the time of diagnosis, although in
advanced phases, they may invade lymphatic nodes
and bone marrow. Primary cutaneous marginal zone
B-cell lymphoma and primary cutaneous centro-
follicular lymphoma are both characterized by an
indolent clinical course with relapse rates close to
40%.° Clinical features such as TNM staging
provide prognostic information only in the patients
with leg-type primary cutaneous B-cell lymphoma
and, overall, only the histological classification
based on the WHO-EORTC guidelines, which
include morphology and skin site, provides
meaningful prognostic information.'®'2 Thus, the
early identification of patients who are likely to
progress remains a challenge, especially for those
cases with indolent histology (primary cutaneous
marginal zone B-cell lymphoma and primary
cutaneous centrofollicular lymphoma).10:13.14

MicroRNAs (miRNAs) have recently been identi-
fied as potential markers for diagnosis and prognosis
in various solid and hematolymphoid neoplasms.!®
miRNAs are small single-stranded, non-coding RNA
molecules, about 22 nucleotides long, that regulate
gene expression.’® It is estimated that miRNAs
regulate 10-30% of all protein-coding genes.!”
Over 700 miRNAs have been verified in humans,
although recent studies have identified over 1000
miRNA species in human B cells.'®

Various miRNAs are associated with particular
normal B-cell differentiation stages.’®20 For
example, miR-150 was first found to be expressed
in mature B cells and to regulate B-cell
differentiation by targeting the transcription factor
¢c-Myb.?! miR-223 is overexpressed in naive and
memory cells relative to germinal center cells. The
expression of miR-223 in the naive stage was found
to inhibit the expression of transcription factors,
such as LMO2, that are expressed at high levels in
non-neoplastic germinal center B cells.?® Other
miRNAs are known to be overexpressed in the
germinal center stage of differentiation, compared
with either naive or memory B cells,'® including
miR-17-5p and miR-155. Many of these miRNAs
have been found to be deregulated in the neoplastic
counterparts of these B cells. For example, the
expression of miR-155 1is stronger in some
lymphoma types than in normal B cells.22-24

This study aimed to characterize the miRNA
expression profile of a series of primary cutaneous
B-cell lymphomas. On the basis of published
data,'8:20.25 we selected a set of 11 miRNAs known
to be associated with a particular normal B-cell stage
of differentiation. We evaluated their expression by
RT-PCR in a cohort of 68 primary cutaneous B-cell
lymphoma patients with formalin-fixed, paraffin
embedded tissue available from the diagnostic
sample. We found particular miRNA species to be
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associated with the histopathological diagnosis
(primary cutaneous centrofollicular lymphoma vs
primary cutaneous marginal zone B-cell lymphoma)
and an miRNA signature related with clinical
outcome (progression-free survival).

Materials and methods
Patient Samples

The study population consisted of a retrospective
multi-institutional series of 68 cases of primary
cutaneous B-cell lymphoma (30 cutaneous marginal
zone B-cell lymphomas and 38 primary cutaneous
centrofollicular lymphomas). Thirty-seven cases
were retrieved from the cutaneous lymphoma
registry of the dermatology service of Hospital
12 de Octubre (Madrid, Spain). Thirty-one further
cases were retrieved from the Spanish National
Cancer Center consultation files. A clinical data file
was created to collate retrospectively all relevant
clinical features included in subsequent analyses.
We retrieved 57 complete clinical forms. This
restricted set of 57 cases was used for statistical
analysis in conjunction with the clinical variables.
The current study was reviewed and approved as
being of minimal/no risk or as exempt by each of the
participating Institutional Review Boards (Hospital
Universitario 12 de Octubre, Madrid and Carlos III
Institutional Review Board).

Histology and Immunohistochemistry

All primary cutaneous B-cell lymphoma cases
with available formalin-fixed, paraffin embedded
tissue were histologically reviewed by a panel of
hematopathologists (SMM, MAP; 68 cases). Immu-
nohistochemical staining was performed following
standard automated protocols using antibodies
against CD20, BCL2, BCL6, CD10, k- and A-light
chains when required. All cases were classified
according to the WHO Classification.?6 Specific
criteria for the distinction between primary
cutaneous marginal zone lymphoma and primary
cutaneous centrofollicular lymphoma included the
following: the growth pattern (nodular, periadnexal,
diffuse dermal), the composition of the neoplastic
population (mixed centoblastic—centrocytic in cen-
trofollicular lymphoma, polymorphic centrocytoid
with plasma cell differentitation in marginal zone
lymphoma), the relationship between the neoplastic
population and follicular dendritic cells, the pre-
sence of reactive germinal centers in marginal zone
lymphoma cases or, in contrast, a homogeneous
presence of neoplastic follicles in centrofollicular
lymphoma, and the positivity in the neoplastic
population for BCL6, a germinal center-related
protein in centrofollicular lymphoma cases.
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Table 1 Sequences of miRNAS studied in primary cutaneous lymphomas

miRNA Mature sequence (Homo sapiens; 5'-3') Expresion in normal B cellas and/ir B-cell lymphomas
miR-150 UCUCCCAACCCUUGUACCAGUG Lymph nodes and spleen in mature B-cell development!
miR-155 UUAAUGCUAAUCGUGAUAGGGGU Germinal center B cells?

miR-331 CUAGGUAUGGUCCCAGGGAUCC Germinal center B cells® and diffuse large B-cell lymphomas*
miR-221 AGCUACAUUGUCUGCUGGGUUUC Diffuse large B-cell lymphomas®

miR-222 AGCUACAUCUGGCUACUGGGU Plasma cells® and diffuse large B-cell lymphomas’

miR-223 UGUCAGUUUGUCAAAUACCCCA Naive and plasma cells®8

miR-15a UAGCAGCACAUAAUGGUUUGUG Plasma cells® and chronic lymphocytic leukemia®

miR-16 UAGCAGCACGUAAAUAUUGGCG Chronic lymphocytic leukemia® and diffuse B-cell lymphomas®
miR-17_5p CAAAGUGCUUACAGUGCAGGUAG Germinal center B cells®

miR-19a UGUGCAAAUCUAUGCAAAACUGA Naive B cells® and diffuse large B-cell lymphomas®

miR-93 CAAAGUGCUGUUCGUGCAGGUAG Germinal center B cells and diffuse large B-cell lymphomas®

We have studied 11 miRNAs according to the literature, based on the expression of these miRNAS in different stages of normal B-cell

differentiation.

RT-PCR for Relative miRNA Quantification Using
RNA from Formalin-fixed, Paraffin-Eembedded Tissue

After reviewing the published data, we selected
11 miRNAs to be quantified further by RT-PCR using
RNA extracted from the diagnostic formalin-
fixed, paraffin embedded tissue sample.'®20 These
miRNAs were selected according to the evidence
regarding its association with particular stages of
B-cell differentiation. We wused commercial
(Tagman) probes against miR-150, miR-155, miR-
331, miR-221, miR-222, miR-223, miR-15a, miR-16,
miR-17, miR-19a and miR-93. Details of the
quantified miRNA sequences are given in Table 1.

The miRNA expression in formalin-fixed, paraffin
embedded tissues was analyzed using the Applied
Biosystems 384-well multiplex RT-PCR assay
with 250ng of total RNA. RNA from each case was
reverse-transcribed in triplicate, using a multiplex-
looped primer pool with the selected miRNA
probes. Each completed reaction was loaded onto
the 384-well plate and RT-PCR was done using the
ABI 7900HT Prism. Two noncoding RNAs (RNU44
and RNU6b) were used as endogenous RNAs.?” Ct
values were exported using SDS software (version
2.3), and the data were analyzed with Real-Time
StatMiner software (INTEGROMICS; http://www.
integromics.com/StatMiner.php). An miRNA was
considered to be present for values of Ct<26 in all
three biological replicates; — ACt values (— (Ct value
of miRNA of interest: mean Ct value for RNU44
and RNU6b)) were subjected to further statistical
analysis.

Microdissection

We performed laser-capture microdissection using a
Carl Zeiss Axio Observer Inverted Microscope
coupled with Axio 4.6-Microbeam Palm software
(version 4.6). We selected two cases with a high
level of expression of miR-150, miR-155 and miR-
223, and performed laser-capture microdissection to
determine the cellular origin of the expression of

these miRNAs. We performed RT-PCR following the
previously described protocols for the selected
miRNAs in five different compartments, identified
either by morphology in hematoxylin and eosin
sections (the epithelium, germinal center and extra
germinal center cells) or by immunophenotype
(CD20-positive and CD3-positive cells). We normal-
ized the results using the expression between total
number of cells of each compartment.

Statistics

Significantly differential expression of miRNA in
histological subtypes was identified using the
Student’s t-test, which compares the mean expres-
sion of each miRNA. Corrections for multiple testing
(using the false-discovery rate, FDR) were applied
using the Pomelo 228 tool.

To analyze the association between miRNA
expression and survival, we first did a univariate
Cox analysis to identify miRNAs related with pro-
gression-free survival?® (miRNA expression after
RT-PCR was used as a continuous variable and
significance was concluded for values of P<0.1). We
then dichotomized the values of expression of the
significant miRNAs (miR-150 and miR-155) and
plotted Kaplan—Meier curves with progression-free
survival as the outcome, examining their signifi-
cance with the log-rank test.?® Cutaneous progres-
sion was defined according to the criteria by Senff
et al.’' These analyses were done using SPSS
version 15.0.0 (SPSS, Chicago, IL, USA).

Results
Clinical Characteristics of the Series

The clinical characteristics of the set of patients
studied are summarized in Table 2.

Complete clinical data were available for 57
patients (25 female and 32 male). The median age
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Table 2 Summary of the clinical characteristics associated with
histological type

Characteristic Total (%) Primary Primary
cutaneous cutaneous
marginal centro-

zone follicular
B-cell lymphoma  lymphoma
Histology 57 28 (49%) 29 (51%)
Sex
Female 25 (44) 10 (17%) 15 (26%)
Male 32 (56) 18 (32%) 14 (25%)
Age at diagnosis (mean) 55 53 57
Stage at diagnosis®
Localized (<T2cNOMO) 46 (80) 23 (40%) 23 (40%)
Multifocal (>T2cNOMO) 11 (19) 5 (9%) 6 (10%)
Maximum stage in the follow-up®
Localized (<T2cNOMO) 39 (68) 19 (33%) 20 (35%)
Multifocal (>T2cNOMO) 18 (36) 9 (16%) 9 (16%)

Relapses® 22 (39) 10 (45%) 12 (55%)

Progression? 11 (19) 6 (55%) 5 (45%)

Locations

Head 19 (29) 10 9
Scalp 6 (9) 2 4
Trunk 4 (6) 3 1
Arms 27 (41) 13 14
Legs 10 (15) 7 3
Number of lesions
1 32 (56) 14 18
2to4 22 (39) 14 8
5 or more 3 (5) 0 3

Details related to sex, age at diagnosis, stage, maximum stage at
follow-up and number of relapses and progressions are shown.
Progression was considered in those cases with an increase in the
disease stage after relapse. None of the clinical variables studied was
associated with progression-free survival or overall survival in the
univariate Cox regression analysis (data not shown). Location and
number of lesions for each tumor type is given.

@We did not find any significant differences between the histological
subtypes for the clinical variables using Fisher’s exact test.

for all cases was 55 years (range, 23—87 years). In the
set of cases for which clinical data were available, 28
cases were diagnosed as primary cutaneous margin-
al zone B-cell lymphomas and 29 were diagnosed as
primary cutaneous centrofollicular lymphomas?6
(Figure 1).

The median follow-up time for all cases of
indolent primary cutaneous B-cell lymphoma was
46 months (range, 1-196 months). During follow-up,
two patients died of causes unrelated to lymphoma.
The median time until first recurrence was 19
months, whereas the average time until progression
was 12 months (Table 3). There were 22 recurrences
(39% of the total number of cases), of which 10 were
primary cutaneous marginal zone B-cell lymphomas
(45%) and 12 were primary cutaneous centrofolli-
cular lymphomas (55%). Eleven cases progressed
(19% of the total), of which six were primary
cutaneous marginal zone B-cell lymphomas (55%)
and five were primary cutaneous centrofollicular
lymphomas (46%; P log-rank for progression-free
survival nonsignificant, according to histological
subtype; Table 2). No case had systemic progression
(lymph node involvement or extracutaneous metas-
tases). Treatments received were as follows: surgery
(32 cases), local radiotherapy (16 cases), intralesional
rituximab (5 cases), topical or systemic steroids (4
cases) and chemotherapy (3 cases). Two cases did
not receive any treatment. No information about
treatment was available for four cases. In nine cases,
two treatments were required to achieve an initial
complete response, whereas the rest achieved this
with the first treatment (Table 4).

The univariate Cox regression analysis did not
reveal any significant differences in the outcome
with respect to clinical features (sex, age, stage at
diagnosis, maximum stage reached, data not

Figure 1 Histological features of primary cutaneous B-cell lymphomas. (a) Primary cutaneous marginal zone B-cell lymphomas is an
indolent lymphoma composed of small B cells, including marginal zone (centrocyte-like), lymphoplasmacytoid and plasma cells.
Immunohistologically, the neoplastic cells express CD20, CD79a and Bcl-2, and are negative BCL-6. (b) PCFCL is a tumor of neoplastic
follicle center cells, with a mixture of centrocytes and centroblasts. Different growth patterns can be found, including purely follicular,
mixed follicular and diffuse patterns, and a diffuse growth pattern. The neoplastic follicle center cells express CD20, CD79a and Bcl-6.

PCFCL does not commonly expresses BCL-2.
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shown), nor did we find any significant differences
between the histological subtypes for the clinical
variables using Fisher’s exact test (Table 2).

Table 3 Relapse rate and progression rate

Primary Primary Primary
cutaneous cutaneous cutaneous
B-cell marginal zone  centrofollicular
lymphomas B-cell lymphoma
Iymphoma

Time to relapse 19 9 26
(mean, months)
Time to 12 9 15
progression
(mean, months)
Follow-up time 46 53 41

(mean, months)

Details regarding relapse and progression mean times are shown. No
differences were found when comparing the progression rates
according to the histological subtype.

Table 4 Treatments
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Different miRNA Expression Profiles in Primary
Cutaneous Marginal Zone B-cell Lymphomas and
Primary Cutaneous Centrofollicular Lymphomas

We measured the expression of 11 miRNAs in the
entire set of 68 primary cutaneous B-cell lymphoma
cases. Of these, 30 cases were classified as primary
cutaneous marginal zone B-cell lymphomas and 38
as primary cutaneous centrofollicular lymphomas.
Only the expression of miR-150 differed signifi-
cantly between the two groups (FDR<O0.1)
(Figure 2); it was overexpressed in primary cuta-
neous marginal zone B-cell lymphomas relative
to the average expression in primary cutaneous
centrofollicular lymphomas. Although miR-223 was
also upregulated in primary cutaneous marginal
zone B-cell lymphomas compared with primary
cutaneous centrofollicular lymphoma (FDR=0.13),
the association was not statistically significant.
Laser-capture microdissection of different cellular
compartments in two cases of primary cutaneous
marginal zone B-cell lymphomas confirmed that the

Total Primary cutaneous Primary cutaneous
treatments marginal zone Complete centrofollicular Complete
Treatments (%) Iymphoma remission Iymphoma remission
Surgery 32 (56) 19 79% (15/19) 13 85% (11/13)
Radiotherapy 16 (20) 8 100% (8/8) 8 88% (7/8)
Rituximab IL 5 (9) 8 100% (8/8) 3 100% (3/3)
Chemotherapy 3 (5) 1 100% (1/1) 2 100% (2/2)
Steroids 4 (7) 2 100% (2/2) 2 50% (1/2)
No treatments 2 (4) 1 100% (1/1) 2 100% (2/2)
>1 treatment 9 (16) 5 (55,5%) 100% (5/5) 4 (44,44%) 100% (4/4)
Details regarding different treatments received.
a PRIMARY PRIMARY b
CUTANEOUS | CUTANEOUS
MARGINAL CENTRO- : i
ik zonescen | follicutar | UnRdhP | FDR.indep
LYMPHOMA | LYMPHOMA
(309) (38) 10
Mean expression | Mean expression n 30 n 38
mir150 52613 45477 0,0050 0,052 8 .
mir223 37152 32908 0,0244 0,1347
mird3 -0308 2376 0,2137 0,6646 B 6
mir1ss 2,7541 31038 02417 0,6646 T
mirl6 4,7708 46505 04114 0,7671 E 41
mirl7_Sp | 22914 2,029 0,418 0,7671
mir19a -0749 -0287 0,5820 0,9146 27 :
miriSa -3,1351 -3,0808 0,7299 0,9368 * p0.005
mi221 -2,9758 -2,9312 0,76811 0,9368 0 T T
PCFZL PCFCL
mir222 41,3256 -1,5195 0,91576 0,9368
mir331 - 6681 6960 0,93675 0,9368

Figure 2 Differential expression of miRNAs in primary cutaneous marginal zone B-cell lymphomas and primary cutaneous
centrofollicular lymphomas. (a) miR-150 was upregulated in primary cutaneous marginal zone B-cell lymphomas relative to primary
cutaneous centrofollicular lymphomas samples (Student’s t-test, P<0.05 and FDR P<0.1). A similar trend in miR-223 was not
statistically significant (FDR>0.1), (b) Box-plot of miR-150 expression according to lymphoma type, revealed by RT-PCR. miR-150 is
overexpressed in primary cutaneous marginal zone B-cell lymphomas relative to primary cutaneous centrofollicular lymphomas

(Student’s t-test, P=0.005).
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expression of miR-150, miR-155 and miR-223 arises
mainly from the extra-germinal center compartment
(including marginal zone and interstitial infiltrating
components) and the CD20-positive cellular compo-
nent. However, as expected, miR-150 expression
was also found in the nonneoplastic CD3-positive
T-cell component (Figure 3).

Identification of miRNAs Associated with Outcome in
Primary Cutaneous B-cell Lymphomas

We investigated the association between miRNA
expression and clinical outcome in the set of 57
cases patients for whom follow-up data were avail-
able. The relationship between the expression value
of all the miRNAs studied and the clinical outcome
(progression-free survival) were analyzed by univari-
ate Cox regression. Only the continuous expression

a

Epithelium

of miR-155 and miR-150 were related with progres-
sion-free survival (P<0.1). Low-expression levels of
miR-150 and miR-155 in the diagnostic sample were
associated with increased risk of progression (shorter
progression-free survival) in the whole series (P<0.1;
Table 5a). After stratifying cases by histopathological
diagnostic group (primary cutaneous marginal zone
B-cell lymphomas (Table 5b) or primary cutaneous
centrofollicular lymphoma (Table 5c), the association
with progression-free survival remained statistically
significant only for the primary cutaneous marginal
zone B-cell lymphoma group and therefore, addi-
tional analyses were done only for this subgroup of
cases. The equivalent analysis of the primary cuta-
neous centrofollicular lymphoma cases is shown in
Figure 4. Median stratification of the continuous
values of miR-150 and miR-155 expression grouped
all patients as having low (<median) or high
(>median) miRNA levels.

Cika Origin cell Number of cells miR150 miR155 miR223
(normalized) | (normalized) | (normalized)
MZL Epithelium 13568 0,29 0,23 0,20
MZL Germinal center 13290 0,26 0,19 0,15
MZL Extra germinal center 20574 0,40 0,19 0,13
MZL D20+ 26788 0,29 0,27 0,20
MZL CD3+ 41457 0.15 0,05 0,03

Figure 3 Cellular origin of miR-150, miR-155 and miR-223 after laser-capture microdisecction. (a) Histological microdissection images
from five cellular compartments: epithelium, germinal centers and extra-germinal center. Bottom, CD20+ cells before and after
microdissection; bottom right, CD3 + cells. (b) Results of microdissection, showing a predominance of miR-150 in the extra-germinal
center and in CD20+ malignant cells, and also expression in CD3 + cells. miR-155 and miR-223 are also more strongly expressed in

CD20 + neoplastic cells than in the other cell types.
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Table 5 Relative risk of progression according to miR150 and
miR155 expression

Relative risk 95.% IC para RR P-values
Inferior ~ Superior
(a) Primary cutaneous B-cell lymphomas (57 cases)®
mir-155 0.375 0.156 0.902 0.029
mir-150 0.727 0.503 1052 0.091
mir-15a 0.801 0.437 1467 0.472
mir-16 0.651 0.223 1902 0.432
mir-17_5p 0.662 0.349 1255 0.206
mir-19a 0.554 0.200 1541 0.258
mir-93 0.792 0.386 1626 0.526
mir-221 1170 0.752 1819 0.486
mir-222 1145 0.684 1918 0.606
mir-223 0.690 0.365 1304 0.253
mir-331 0.635 0.297 1357 0.241

(b) Primary cutaneous marginal zone lymphomas (28 cases)®

mir-155 0.357 0.110 1161 0.087
mir-150 0.173 0.057 0.531 0.002
mir-15a 0.700 0.248 1973 0.500
mir-16 0.662 0.155 2825 0.577
mir-17_5p 0.687 0.295 1598 0.383
mir-19a 0.627 0.130 3009 0.559
mir-93 0.783 0.250 2454 0.675
mir-221 1229 0.642 2355 0.534
mir-222 1079 0.495 2350 0.848
mir-223 0.398 0.125 1267 0.119
mir-331 0.364 0.096 1376 0.136

(c) Primary cutaneous centrofollicular lymphomas (29 cases)®

mir-155 0.477 0.128 1784 0.271
mir-150 0.974 0.553 1715 0.927
mir-15a 0.902 0.409 1990 0.798
mir-16 0.639 0.128 3.187 0.585
mir-17_5p 0.676 0.253 1803 0.434
mir-19a 0.476 0.121 1882 0.290
mir-93 0.826 0.324 2108 0.690
mir-221 1111 0.598 2064 0.738
mir-222 1182 0.599 2334 0.630
mir-223 0.776 0.309 1948 0.589
mir-331 0.868 0.296 2540 0.796

Abbreviation: RR, relative risk.

9RR of progression according to expression of each miRNA in
all 57 cases. High miR-150 and miR-155 expression are significantly
associated with a lower rate of progression.

RR for each lymphoma type. miR-150 and miR-155 expression are
significantly associated with a low rate of progression in the marginal
zone B-cell lymphoma group.

“miRNA expression shows no significant association in the centro-
follicular B-cell lymphoma group.

The separation of these patients according to the
expression of both miR-150 and miR-155 was
positively correlated with progression-free survival
(log-rank test, P<0.05) in all cases in the series
(Figure 5a and b) and in the primary cutaneous
marginal zone B-cell lymphomas group, that is, low
levels of expression were correlated with shorter
progression-free survival (Figure 6a and b).

We also grouped patients into three classes: (1)
those with low-expression levels of both miRNA-150
and miRNA-155 (14 patients); (2) patients with
low levels of expression of either miR-150 or
miR-155 (30 patients); and (3) patients with high

MiRNA expression in indolent primary cutaneous B-cell lymphoma
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levels of expression of both miRNAs (13 patients).
Consistent with the previous results, those patients
with low-expression levels of miR-150 and miR-155
had a worse outcome (14 cases with 7 progressions)
than those with partial expression of either miRNA
(4 out of 30 patients progressed), or those with high
levels of both prognostic miRNAs (13 cases, none
with progression; Figure 7a). Once again, this effect
of miR-150 and miR-155 on the progression-free
survival was associated with lymphoma type.
Stratifying patients by primary cutaneous centrofol-
licular lymphoma and primary cutaneous marginal
zone B-cell lymphoma groups showed that the loss
of miR-150 and miR-155 identified patients with
poor prognosis only in the primary cutaneous
marginal zone B-cell lymphoma group (P<0.01;
Figure 7b).

As none of the clinical variables studied (age, sex,
TNM classification at diagnosis, maximum stage
during follow-up) was related to progression-free
survival or overall survival in the univariate Cox
regression analysis (Table 5), we did not perform
any multivariate analysis comparing miRNAs and
clinical variables.

Discussion

miRNAs are non-coding RNAs that are emerging as
markers for solid and hematological tumors.!7:32-34
There is growing evidence of their roles in healthy
and pathological states, and their association with
particular differentiation states. This is particularly
evident in the lymphoid lineage, in which miRNA
expression is closely related to the different
maturation steps of B-cell differentiation.'® Furthe-
rmore, there are many examples of their value as
diagnostic and prognostic tools for many cancer
types.

Despite the great increase in the number of studies
of miRNAs in nodal non-Hodgkin lymphomas, few
studies have examined miRNA expression in primary
cutaneous lymphomas, so far having been studied
only in primary cutaneous T-cell lymphomas (myco-
sis fungoides and Sezary syndrome).2%:35-37Currently,
little is known about the miRNA expression
profile of indolent primary cutaneous B-cell
lymphoma. The apparent relationship between
miRNA expression and cell differentiation stage
prompted us to search for differential expression
miRNA profiles among the primary cutaneous
marginal zone B-cell lymphoma and primary
cutaneous centrofollicular lymphoma histological
subtypes. As other authors have described, there are
a group of miRNAs that are expressed differently,
which were selected to be analyzed. Cells from the
germinal center compartment are characterized by
expression of miR331,%®> miR93 and miR17-5p,!®
meanwhile miR223 is not expressed. Naive B and
plasma cells express miR223.'® Other miRNAs
selected to be analyzed, such as miR221 and
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Figure 4 Progression-free survival with respect to expression of miR-150 and miR-155 in primary cutaneous centrofollicular lymphomas.
Kaplan—Meier curves of progression-free survival for (a) miR-150 and (b) miR-155 in primary cutaneous centrofollicular lymphomas.

Cases were stratified with respect to expression above or below the median
progression-free survival in primary cutaneous centrofollicular lymphoma.
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Figure 5 miR-150 and miR-155 expression is related with progression-free survival of patients with indolent primary cutaneous B-cell
lymphomas. Kaplan—Meier estimates for 57 patients with indolent primary cutaneous B—cell lymohomas with respect to (a) miR-150 and
(b) miR-155 expression. For both miRNAs, cases with levels of expression above the median have a better outcome than those with a low

level of expression.
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Figure 6 miR-150 and miR-155 expression affect the progression-free survival of patients with primary cutaneous marginal zone
B-cell lymphomas. Kaplan—Meier estimates for 28 patients with primary cutaneous marginal zone B—cell lymphomas with respect to
(c) miR-150 and (d) miR-155 expression. For both miRNAs, cases with levels of expression above the median have a better outcome than
those with a low level of expression.
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Figure 7 A combined model with both miR-150 and mi155 predicts progression-free survival in primary cutaneous marginal zone B-cell
lymphomas. (a) Cases were stratified into three groups: (1) those with low-expression levels of miR-150 and miR-155; (2) patients with
low-expression levels of either miR-150 or miR-155; (3) patients with high levels of expression of both miRNAs. Group 1 patients had a
poorer outcome than those in groups 2 and 3 (left). (b) The effect of miR-150 and miR-155 on the progression-free survival is dependent
on lymphoma type. Stratifying patients by PCFCL and primary cutaneous marginal zone B-cell lymphomas revealed that the loss of
miR-150 and miR-155 identified patients with poor prognosis in the primary cutaneous marginal zone B-cell lymphomas group

(P<0.01), but not in the PCFCL group (P> 0.05).

miR222,%% are expressed in activated diffuse large B
cell lymphomas. Furthermore, as clinical and
pathological features are of weak prognostic value
in this particular group of patients (except for Leg-
type diffuse large B-cell lymphomas), we hypo-
thesized that miRNAs could be molecular markers
for disease progression in this group of patients.

Here we have shown that miR150 is over-
expressed in the primary cutaneous marginal zone
B-cell lymphoma histological type when compared
with primary cutaneous centrofollicular lymphoma
type. Laser-capture microdissection revealed that
miR-150 expression is derived mainly from the
extra-germinal center cell compartment, with lower
expression levels in germinal center cells. These
results suggest that miR-150 expression levels in
primary cutaneous marginal zone B-cell lymphomas
may be at least partially related to the presence of a
post-germinal center differentiation stage with few
germinal center cells within the tumors. As miR-150
was also found to be expressed by non-neoplastic T
cells in the microenvironment (although at lower
levels than in CD20-positive B cells), we can also
hypothesize that changes in the expression of this
miRNA may also reflect, at least partially, changes
in the T-cell microenvironmental compartment.
miR-150 is expressed in mature B and T cells® in
lymph nodes and spleen. Xiao et al?! found that
miR-150 controls the expression of the transcription
factor c-Myb. It is downregulated in B-cell lym-
phoma cases such as Burkitt lymphoma and diffuse
large B-cell lymphomas relative to non-neoplastic B
cells.?40 This observation has been confirmed by
Lawrie*! who showed that miR-150 is down-
regulated in diffuse large B-cell lymphoma cells
compared with normal B cells.*?

RT-PCR using RNA obtained from the diagnostic
formalin-fixed, paraffin embedded tissue sample

also showed that the low-expression levels of
certain miRNAs at diagnosis are associated with an
increased risk of progression. The low levels of
miR-155 and miR-150 are correlated with a greater
tendency to have a cutaneous progression during
follow-up. This effect on prognosis is restricted to
primary cutaneous marginal zone B-cell lymphoma
cases, at least in this series of cases. After histo-
pathological review of the primary cutaneous mar-
ginal zone B-cell lymphoma cases with altered
miRNA levels, we did not see any particular
difference in the histopathological features. Thus,
miRNA quantification can have an additional role to
histopathology in risk stratification for these pa-
tients with primary cutaneous marginal zone B-cell
lymphoma.

miR-155 is involved in regulating the immune
system, specifically by controlling T-cell differentia-
tion?® and B-cell maturation.***® miR-155 is
required for regulating B-cell responses to thymus-
dependent and thymus-independent antigens, and
at least, part of its effect is due to the direct
regulation of PU.1 protein levels.** miR-155 also
has a tumor-suppressor role by which potentially
oncogenic translocations generated by AID are
reduced. 4648

Information about the prognostic impact of
miR-155 expression in other lymphoma types is
limited. No significant relationship has been found
with diffuse large B-cell lymphomas outcome or
overall survival.49:50 It seems clear that this miRNA
is mainly overexpressed in patients with activated
B-cell type diffuse large B-cell lymphomas, where,
surprisingly, it is associated with a better outcome.*®
These findings are in keeping with our results that
identify miR-155 expression as a marker of better
outcome (longer progression-free survival) in
primary cutaneous B-cell lymphomas (marginal
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zone lymphoma-type). The causes of such an
association are unclear, but may be associated with
the regulatory role of miR-155 in oncogenic path-
ways such as NF-xB (IkBKe), PI3KCA, or mutagenic
elements such as AID.51°2 We also found miR-150
downregulation to be associated with shorter
progression-free survival and a greater likelihood of
cutaneous progression. As shown before, we also
found differentially expressed levels of miR-150
between primary cutaneous marginal zone B-cell
lymphomas and primary cutaneous centrofollicular
lymphomas that might be partially related to the
distinct stage of differentiation found in these tumors
and the relative percentage of non-neoplastic T cells
in the microenvironmental compartment. Additional
studies are needed to determine whether changes in
the non-neoplastic component affect outcome.

In summary, we have found that certain miRNA
species, in particular miR-155 and miR-150, may be of
prognostic value in patients with indolent primary
cutaneous B-cell lymphoma, especially those of
primary cutaneous marginal zone B-cell lymphoma
type. The expression levels of these miRNAs can be
measured easily using RNA extracted from the
diagnostic formalin-fixed, paraffin embedded tissue.
The loss of expression of these miRNAs is associated
with a worse outcome. The mechanisms underlying
this effect need to be clarified.
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