
Brief Report

LYMPHOID NEOPLASIA

miR-125a and miR-34a expression predicts Richter
syndrome in chronic lymphocytic leukemia patients
Veronica Balatti,1,2,* Luisa Tomasello,1,2,* Laura Z. Rassenti,3 Dario Veneziano,1,2 Giovanni Nigita,1,2 Huan-You Wang,4 John A. Thorson,4

Thomas J. Kipps,3 Yuri Pekarsky,1,2 and Carlo M. Croce1,2

1Department of Cancer Biology and Medical Genetics and 2The Ohio State University Comprehensive Cancer Center, The Ohio State University, Columbus, OH;
and 3Moores Cancer Center and 4Department of Pathology, University of California, San Diego, La Jolla, CA

KEY PO INT S

l High expression of
miR-125a-5p or low
expression ofmiR-34a-
5p can predict ∼50%
of RS with a false
positive rate of ∼9%.

l miR-125a-5p and miR-
34a-5p can be valuable
markers to predict RS
development in CLL
patients.

Chronic lymphocytic leukemia (CLL) is the most common adult leukemia. It is characterized
by the accumulation of CD191/CD51 lymphocytes and can have variable outcomes. Richter
syndrome (RS) is a lethal complication in CLL patients that results in aggressive B-cell
lymphomas, and there are no tests to predict its occurrence. Because alterations in
microRNA expression can predict the development and progression of several cancers, we
investigated whether dysregulation of specific microRNAs can predict RS in CLL patients.
Thus, we compared microRNA expression levels in samples from 49 CLL patients who later
developed RS with samples from 59 CLL patients who did not. We found that high ex-
pression of miR-125a-5p or low expression of miR-34a-5p can predict ∼50% of RS with
a false positive rate of ∼9%. We found that CLL patients predicted to develop RS show
either an increase of miR-125a-5p expression (∼20-fold) or a decrease of miR-34a-5p ex-
pression (∼21-fold) comparedwith CLL patients that are not predicted to develop RS. Thus,

miR-125a-5p andmiR-34a-5p can be valuable predictor markers of RS and have the potential to provide physicians with
information that can indicate the best therapeutic strategy for CLL patients. (Blood. 2018;132(20):2179-2182)

Introduction
Richter syndrome (RS) is a lethal complication of chronic lymphocytic
leukemia (CLL) that occurs in 1% to 15% of patients. Frequently, RS
develops as a diffuse large B-cell lymphoma,1-3 and most RS diffuse
large B-cell lymphomas show clonal similarity with underlying CLL.2,3

No effective treatment for RS has been developed.2,3 Several studies
determined clinical features and molecular mechanisms of RS, in-
cluding inactivation of TP53 and CDKN2a gene, advanced Rai
stage,NOTCH1mutation, and IGHV4-39usage.4-7Multiple roundsof
therapy also have been associated with a higher risk for RS.2,3 To our
knowledge, there is no molecular marker able to predict which CLL
patients will develop RS. Because microRNAs were reported as
markers for cancer development and progression,8-10 we investi-
gated whether alteration of microRNA expression can be associated
with RS development in CLL patients.

Methods
Samples
This study was carried out in accordance with the protocol
approved by the Institutional Review Board of The Ohio State
University. A total of 116 samples was obtained from 108 CLL
patients enrolled in the CLL Research Consortium upon written
informed consent. Patients were grouped as follows: 49 patients
developed RS within 5 years (47 patients) or 12 years (2 patients)

from sample collection, and 59 patients did not develop RS in
$5 years (53 patients) or 3 years (6 patients) from sample collection
(supplemental Tables 1-5, available on the Blood Web site). Six
RS patients were assayed at different time points for a total of 57 RS
samples. Because RS is an aggressive disease, for the control
cohorts we accrued only samples from CLL patients in a clinically
active and aggressive stage selected for immediate treatment.

Results and discussion
To study whether microRNAs can be markers for RS de-
velopment, we compared microRNA expression of CLL patients
who did not develop RS with that of CLL patients who did
develop RS. MicroRNA expression was assessed using Nano-
String technology in a training set of samples that were divided
into 2 groups: cohort 1 contained 21 CLL samples from patients
who developed RS 0.5 to 5 years after sample collection, with the
exception of #1600 and #1632 (RS samples) (supplemental
Table 1), and cohort 2 consisted of 14 CLL samples from patients
with no RS development in $3 years of follow-up after sample
collection, with the exception of #1526 and #1544 (control
samples) (supplemental Table 2). We identified a signature of
23 microRNAs differentially expressed between these 2 cohorts
that could predict RS development in CLL patients (Table 1). We
then analyzed 12 microRNAs by real-time reverse-transcription
polymerase chain reaction using all 21 samples from cohort 1
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and 8 samples from cohort 2 and determined that miR-125a-5p
andmiR-34a-5p can be predictors of RS (Table 1). We found that
high expression ofmiR-125a-5p or low expression ofmiR-34a-5p
could predict RS (supplemental Figure 1). Indeed, 8 of 21 and
10 of 21 RS samples had high expression ofmiR-125a-5p and low
expression of miR-34a-5p, respectively, whereas 3 of 8 control
samples were false positives (supplemental Figure 1). To confirm
our results, we analyzed a validation set: 36 CLL samples from
patients taken 0.5 to 5 years before RS (cohort 3, chosen on
availability) (supplemental Table 3) and 45 CLL samples from
patients with no RS development during $5 years of follow-
up after sample collection (cohort 4) (supplemental Table 4).
Results are shown in Figure 1. By applying a classification al-
gorithm (decision tree) (supplemental Figure 2), we extracted the

expression thresholds for miR-125a-5p and miR-34a-5p, maxi-
mizing the number of samples correctly classified. Specifically,
with miR-125a-5p expression $ 5.1 3 1023 (expressed as 22DCt),
11 RS samples were correctly classified, whereas 1 control
sample was not. Similarly, with miR-34a-5p expression , 6.9 3
1024 (expressed as 22DCt), 10 RS samples were correctly classi-
fied, whereas 1 control sample was not. Therefore, we selected
the correctly classified samples in association with such thresholds
to assess the significance of their differential expression com-
pared with all control samples. We calculated a linear fold change
of 20.11 (P , .013) for the set of 11 RS samples having miR-
125a-5p expression above the threshold and a linear fold change
of 21.34 (P , 1.66 3 1026) for the set of 10 RS samples having
miR-34a-5p expression below the threshold. Two RS samples

Table 1. Signature of 23 microRNAs differentially expressed in RS vs control samples

Gene name Control RS
Linear FC:

control vs RS P (control vs RS) Predictors

hsa-miR-145-5p 4.69 23.56 25.02 .0064

hsa-miR-125a-5p 6.67 31.88 24.78 .0028 Selected

hsa-miR-548al 6.78 22.81 23.36 .0135

hsa-miR-365a-3p1hsa-miR-365b-3p 16.98 51.25 23.02 .0014

hsa-miR-181a-5p 156.83 466.26 22.97 .0000 Not selected*

hsa-miR-199a-3p1hsa-miR-199b-3p 28.57 78.04 22.73 .0164

hsa-miR-223-3p 6293.79 16 777.22 22.67 .0011 Not selected

hsa-miR-582-5p 18.97 50.19 22.65 .0417

hsa-miR-221-3p 21.87 53.66 22.45 .0492

hsa-miR-126-3p 138.26 322.04 22.33 .0302 Not selected

hsa-miR-451a 525.34 1 161.25 22.21 .0445 Not selected

hsa-miR-337-3p 101.18 49.08 2.06 .0021

hsa-miR-32-5p 401.21 176.95 2.27 .0061

hsa-miR-1260b 33.1 14.47 2.29 .0032

hsa-miR-486-3p 76.1 33.17 2.29 .0159

hsa-miR-630 81.35 35.09 2.32 .0387

hsa-miR-335-5p 90.02 38.14 2.36 .0074 Not selected

hsa-miR-601 64.24 24.89 2.58 .0138 Not selected

hsa-miR-502-5p 108.82 37.92 2.87 .0003 Not selected

hsa-miR-195-5p 36.24 11.35 3.19 .0010 Not selected

hsa-miR-142-5p 119.03 36.68 3.25 .0036 Not selected

hsa-miR-34a-5p 86.95 17.08 5.09 .0031 Selected

hsa-miR-570-3p 22.64 3.78 5.99 .0001 Not selected

Samples from Cohort 1 (21 RS) and Cohort 2 (14 controls) were assayed using NanoString technology. Mir-125a-5p and miR-34a-5p were selected for further studies in an independent
validation set. The Student t test was applied for differential expression analysis.

FC, fold change.

*Mir-181a-5p was initially selected but not confirmed in the validation experiment.
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(#29 and #57) are predicted by both microRNAs. Thus, 19 of 36
(53%) RS samples showed high expression ofmiR-125a-5p or low
expression of miR-34a-5p, and 2 of 45 (4.4%) control samples

were false positives (Figure 1). Hence, using these criteria, we
can predict;50% of RS 0.5 to 5 years before it occurs with a false
positive rate of ;5%. Because the expression of miR-34a-5p in
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Figure 1. Expression ofmiR-125a-5p andmiR-34a-5p in cohorts 3 and 4. RS was predicted in samples indicated with black asterisks. (A) RS is predicted by high expression of
miR-125a-5p in 11 out of 36 samples from cohort 3. (B) Low expression of miR-125a-5p in control cohort 4. (C) RS is predicted by low expression of miR-34a-5p in 10 out of 36
samples from cohort 3. (D) High expression ofmiR-34a-5p in control cohort 4. False positives are indicated by red asterisks. Samples showing expression ofmiR-34a-5p very close
to the established threshold are indicated with a red arrow.
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control samples #90 and #95 is very close to the threshold, we
adjusted the false positive rate to ;9%.

Based on the data presented in Figure 1, we hypothesized that
miR-125a-5p and miR-34a-5p may also play a role in RS. TP53 is
a well-known target of miR-125a-5p,11 and it is also involved
in RS development.5 Thus, we investigated the expression of
p53 in 6 RS samples with high expression ofmiR-125a-5p and in
6 controls samples with low expression of miR-125a-5p (from
cohorts 3 and 4, respectively). Supplemental Figure 3 shows
a dramatic decrease in p53 expression in RS samples with high
miR-125a-5p, suggesting the importance of the miR-125a-5p/
TP53 pathway in RS development. To determine whether other
genes can predict RS, we performed a gene-expression analysis
using NanoString technology on 24 samples from cohorts 3
and 4 grouped as follows: 6 RS samples with high expression of
miR-125a-5p, 6 RS samples with low expression of miR-34a-5p,
6 control samples with low expression of miR-125a-5p, and
6 control samples with high expression of miR-34a-5p (sup-
plemental Table 6). We found that PAX5 (a predicted target of
miR-125a-5p) and SETBP1 can be used as additional markers to
predict RS. Furthermore, mRNA expression of PAX5 and SETBP1
in control samples is consistently higher than that of RS samples
(supplemental Table 6). Pax5 is a transcription factor that is es-
sential for commitment of lymphoid progenitors to the B-cell
lineage and is dysregulated in a subset of leukemias and non-
Hodgkin lymphomas.12 Thus, we investigated the level of Pax5 by
performing a western blot analysis of the samples previously
tested for p53. We found that, similarly to p53, high expression
of miR-125a-5p strongly correlates with low expression of Pax5
(supplemental Figure 3). Indeed, low expression of PAX5 could
predict RS in 6 samples (#7, #12, #24, #27, #29, #51), with sample
12 predicted only by PAX5. Low expression of SETBP1 could
predict RS in 6 samples (#27, #29, #7, #25, #12, #17), with sample
#17 predicted only by SETPB1 (supplemental Tables 3 and 4).

In conclusion, our results show that high expression of miR-125a-
5p or low expression ofmiR-34a-5p can predict;50%of RS inCLL
patients, starting as early as 5 years before transformation, with
a false positive rate of;9%. Furthermore, low expression of PAX5
and/or SETBP1 can serve as additional predictive markers of RS.

With the development of new therapies, such as idelalisib,
ibrutinib, and venetoclax, it is not clear whether treatment
with these drugs vs traditional chemotherapy is associated with

a higher incidence of RS.2,3 We anticipate that these data will
emerge in the near future; when they become available, pre-
diction of RS by expression of miR-125a-5p and miR-34a-5p can
indicate the best therapeutic strategy for CLL patients.
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