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Abstract

Background: The Cytokine Receptor-Like Factor 2 (CRLF2) genes play an important role in early B-
cell development. Aberrations in CRLF2 activate the JAK-STAT signaling pathway that contributes to
B-cell Acute Lymphoblastic Leukemia (B-ALL). The prognostic significance of CRLF2 overexpression
in various B-ALL risk subgroups has not been well established.
Methods: Thirty patients with newly diagnosed childhood B-ALL were enrolled from the Egyptian
population. All the patients in this study were assessed by detailed history taking, a complete clinical
examination required radiological and routine laboratory investigations, and flow cytometry to detect
the subtype of ALL. Peripheral Blood and bone marrow samples were taken from patients, and the
CRLF2 expression was measured using RT-PCR.
Results: The prevalence of CRLF2 overexpression status was analyzed, and the prognostic impact of
CRLF2 overexpression on B-ALL was evaluated by assessing their influence on overall survival and
event-free survival. CRLF2 overexpression was found in 56% of the whole cohort. The results showed
that CRLF2 overexpression was associated with a poor outcome in unselected B-ALL.
Conclusion: From the present study's findings, we can conclude that CRLF2 gene expression at
diagnosis has a significant prognostic impact on the clinical outcome in childhood ALL.
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Introduction
B-cell Acute Lymphoblastic Leukemia (B-ALL) is the most
common type of ALL in children; it is characterized by clonal
genetic aberrations. Lots of have become fat in treating B-ALL
by risk-adapted approach. 20%-25% of B-ALL fails to respond
to current therapies, with an increased relapse incidence [1].
Recent advances in the molecular characterization of B-ALL
offer chances to identify genetic aberrations as new prognostic
indicators for better risk stratification and new targeted anti-
leukemia agents [2].

The Cytokine Receptor-Like Factor 2 (CRLF2) genes encodes a
subunit of the Thymic Stromal Lymphopoietin (TSLP) receptor
that heterodimerizes with the Interleukin-7 Receptor (IL7R) to
form the type I cytokine receptor. The type I cytokine receptor is
a functional receptor for TSLP that is an important physiologic
signal for early B-cell development [3,4]. Upon ligand binding,
the type I cytokine receptor interacts with JAK proteins, which
in turn phosphorylate certain targets of STAT5 to promote
transcription of proliferation and antiapoptotic factors CRLF2
plays a role in early B-cell development, and CRLF2
aberrations activate the JAK-STAT signaling pathway leading
to increased cell proliferation [5-7]. CRLF2 rearrangements
have been reported in about 5%–10% of childhood B-ALL
cases and 50% of B-ALL patients with down syndrome CRLF2
genetic aberrations are mainly due to an interstitial deletion of
the pseudoautosomal region on the sex chromosomes (Xp22/
Yp11), resulting in the P2RY8-CRLF2 fusion gene or a cryptic

translocation between Xp22 or Yp11 and 14q32/IGH, resulting
in the IGH-CRLF2 fusion gene [6]. Other aberrations such as
the CRLF2 mutation F232C are rare in BALL [8].

The prognostic impact of CRLF2 aberrations on B-ALL is still
undetermined with a presumptive assumption that an
association between overexpression of CRLF2 and adverse
prognosis, while a correlation between P2RY8-CRLF2 and an
inferior outcome has been demonstrated [8,9]. No well-defined
prognostic value of CRLF2 overexpression on B-ALL with
different risk features has been well established yet. The aim of
the present study is to assess the relationship and prognostic
significance of CRLF2 overexpression in childhood ALL.

Patients and Methods
The study was conducted on two groups; Group 1: 30 pediatric
newly diagnosed for ALL patients; and Group 2: 10 healthy
pediatric patients as a control group.

All the patients in this study were assessed by detailed history
taking, complete clinical examination, required radiological
and routine laboratory investigations, and flow cytometry to
detect the subtype of ALL. Peripheral Blood and bone marrow
samples were taken from patients, and the CRLF2 expression
was measured using RT-PCR.
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Results
In the present study, ALL group included 9 (30%) females and
21 (70%) males, while the control group consisted of 4
(40.0%) females and 6 (60%) males, and there was no
statistically significant difference detected between the two
groups as regards the gender (p=0.700).

The age of ALL patients ranged from 1 to 18 years with a
mean of 5.30 ± 3.32 years, while the age of controls ranged
from 2 to 9 years with a mean of 5.08 ± 2.20 years. No
statistically significant difference was detected between the
two studied groups as regards the age (p=0.847)

The most frequent clinical presentation was hepatomegaly in
25 (83.3%) patients followed by fever (80%), then
splenomegaly (73.3%), lymphadenopathy (50.00%), bone pain,
pallor (53.3%), and the least frequent was a bone fracture,
Deviation of mouth, Eye puffiness and testicular swelling
(2.63%).

Bone marrow aspiration was done following the end of
induction chemotherapy to assess response to treatment. 21
(70%) patients achieved complete remission (negative MRD),
and 9 (30%) patients had induction failure (positive MRD)

CRLF2 gene expression was compared between the cases and
control using 2-ΔΔct. There was a statistically significant
difference between ALL patients and controls, with 17 (56.7%)
of the cases showed significantly high gene expression
compared with the control group with a mean expression level
of 253.77 ± 764.34 (Table 1).

All
patients
(n=30)

Control
(n=10)

n % n %

CRLF2 (×
104)
normal

13 43.3 10 100 FEp=0.002*

Over 17 56.7 0 0

Min-Max. 0.0-3914.3
2

1.0-1.0 p=0.011*

Mean ± SD 253.77 ±
764.34

1.0 ± 0.0

Median 5.54 1

Table 1. CRLF2 comparison between the two studied groups. 
n: Number of patients; Min: Minimum; Max: Maximum; SD: 
Standard Deviation; FE: Fisher Exact correction; *: 
Statistically significant.

Overall survival analysis was performed using the Kaplan-
Meier method, and the differences were compared using the 
log-rank test. Overall survival was defined as the time from the 
diagnosis to death from any cause or the last follow-up (Table 
2).

CRLF2 p

Normal (n=13) Over
(n=17)

n % n %

Risk stratification

High risk 3 23.1 12 71 p=0.010*

Standard
risk

10 76.9 5 29

Age (years)

Min-Max 1.50-9.0 1.0-13.0 p=.863

Mean ± SD 5.42 ± 2.49 5.21 ± 3.91

Median 5.5 3.5

WBCs (/µL)

<50000 12 92.3 8 47 FEp=.017*

>50000 1 7.7 9 53

End of induction BM

Negative 12 92.3 9 53 FEp=.042*

Positive 1 7.7 8 47

Death within one year

Died 0 0 3 18 FEp=.042*

Alive 13 100 14 82

Relapse

No 13 100 16 94 FEp=1.000

Yes 0 0 1 5.9

Remission after indication

No 1 7.7 8 47 FEp=.042*

Yes 12 92.3 9 53

Table 2. Relation between CRLF2 and different parameters in 
the cases group. n: Number of patients; Min: Minimum; Max: 
Maximum; SD: Standard Deviation; FE: Fisher Exact 
correction; *: Statistically significant.

The period of follow-up was twelve months. 100% of patients 
with normal expression survived, while 82.4% of patients with 
overexpression survived. 
There was no statistically significant difference (p=0.118) 
(Figure 1).
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Figure 1. Kaplan-Meier curve for overall survival.

Event-free survival was defined as the time from diagnosis to 
induction failure or relapse. The initial induction therapy 
response was 52.9% of patients with overexpression compared 
to 92.3% of patients with normal gene expression. This 
difference was statistically significant (p=0.022) (Figure 2).

Figure 2. Kaplan-Meier curve for event-free survival.

Discussion
In this study, there was a significant difference between the 
case and control group regarding CRLF2 gene expression; we 
found that CRLF2 mRNA level was significantly higher in 
cases compared to normal control. In accordance with our 
findings, Ge et al., observed the same difference between the 
patients and control groups [10].

Differences in CRLF2 overexpression incidences seen in 
different groups are likely due in part to other methods used to 
define the cut-off for CRLF2 overexpression. Some set cut-off 
at the lowest level of CRLF2 expression in the patients with 
known CRLF2 rearrangement, and others described the 
threshold as over specific folds of overall median expression 
value.

In our study, ALL patients were categorized according to NCI 
into the standard risk group (50%) and high-risk group (50%).

It was observed that high CRLF2 expression was more
prevalent in patients with HR-ALL (70%, 12/15) than in the
patients with SR-ALL (29%, 5/15).

Agreeing with us, a study performed by Yamashita et al., who
performed their study on 194 patients, found higher CRLF2
gene expression in HR-ALL than in SR-ALL. The
contradictory results reported by Asai et al., in which CRLF2
gene overexpression was more prevalent in the standard-risk
group (10/41) than the high-risk group (6/50) [11,12].

MRD monitoring based on a specific marker can help us
predict leukemia relapse and determine the best-individualized
treatment. In the present work, we measured MRD at the end
of induction therapy and relate their value to CRLF2 gene
expression.

We found that the patients' higher CRLF2 gene expression at
diagnosis was associated with significantly higher MRD
(P=0.02), as ALL patients who had a positive MRD after
induction were nine patients, eight of whom had elevated gene
expression, and only one case with normal gene expression.

Similarly, Chen et al. studied the association of high CRLF2
expression with end induction MRD and observed that HR–
ALL cases with high CRLF2 gene expression are associated
with higher MRD level and poor RFS at the end of induction
therapy. Palmi et al., who classified his group of patients into a
high-risk group, intermediate-risk group, and standard-risk
group, found that statically significant difference between
CRLF2 overexpression and MRD across the different risk
subgroup (p=0.09) [13,14].

In the present work, patients were followed up for 12 months,
and the influence of CRLF2 gene expression was determined
using Kaplan-Meier. OS was defined as the time from the
diagnosis to death from any cause or the last follow-up. There
was no significant between CRLF2 gene expression and
overall survival. These results go hand in hand with the
findings with Palmi et al., who studied the prognosis of
P2RY8-CRLF2 fusion CRLF2 overexpression in pediatric
ALL who found that CRLF2 overexpression did not affect
overall survival (p=0.35), but the patients with P2RY8-CRLF2
fusion have a very poor outcome [14].

In the present study, the influence of CRLF2 overexpression on
Event-free survival was significant (p=0.022). These findings
are consistent with the results of Yamashita et al., who
observed that 4-year EFS for the patients with high CRLF2
expression was significantly worse than that for those with low
CRLF2 expression (p=0.003) and statistical difference between
these groups was recognized only in patients with HR-ALL
[11,12]. Also, Dou et al., found that patients with CRLF2
overexpression had shorter EFS (P=0.004) [15].

Conclusion
From the present study's findings, we can conclude that
CRLF2 gene expression at diagnosis has a significant
prognostic impact on the clinical outcome in childhood ALL.

Prognostic significance of cytokine receptor-like factor 2 (CRLF2) gene expressions in pediatric acute lymphoblastic
leukemia.
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