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Abstract
Background: Interferon-α (IFN-α) is a therapeutic option in high risk patients with Myeloproliferative Neoplasms
(MPNs). The response to IFN-α treatment of chronic hepatitis C was shown to be strongly influenced by several related
single nucleotide polymorphisms (SNP) in a region adjacent to the IL28B gene. The objective of this study was to
investigate the possibility of similar influence of IL28B gene polymorphism in IFN-α treated MPN patients.
Methods: 20 patients with polycythemia vera (PV) or essential thrombocythemia (ET) treated with IFN-α included, 7
were earlier treated with hydroxyurea. Hematologic response was evaluated using the European Leukemia Net (ELN)
criteria. DNA from whole blood samples was isolated using MagNA Pure LC DNA Isolation Kit I for IL28B genotyping,
and the variability at rs12979860, rs12980275 and rs8099917 were determined by allelic discrimination assays using
Taqman minor groove binding probes.
Results: The IFN-α treatment reduced platelet count (p<0.05), and in patients with polycythemia vera (PV) also
hemoglobin, hematocrit and white blood cell counts declined (p<0.05). Hematologic response by ELN criteria was
significantly influenced by the IL28B SNP. Among 20 patients with PV or ET, the CC genotype at rs12979860 was found
in 8/11 patients (73%) with hematologic CR as compared with 1/9 (11%) with PR or NR (p=0.010).
Conclusion: The results in this pilot study indicate that variation in IL28B genotype might influence hematologic
response in IFN-α treated MPN patients.
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1 Introduction
The Philadelphia-chromosome negative myeloproliferative neoplasms (MPNs) are a heterogeneous family of clonal stem
cell disorders with overlapping phenotypic and pathological features, the main or classic entities being polycythemia vera
(PV), essential thrombocythemia (ET) and primary myelofibrosis (PMF). The identification of JAK2 V617F mutation is
central in the diagnostics of Philadelphia-chromosome negative MPNs, and is found positive in approximately 95 % of
patients with PV and in 60 % of patients with ET and PMF [1].
Interferon-α (IFN-α) is a therapeutic option in MPNs when cytoreduction is indicated. INF-α suppresses growth of
multipotent hematopoietic progenitor cells and has the potential of normalizing myeloproliferation, reducing vascular
events, and lowering the JAK2 V617F allele burden [2]. Recent reports have also implicated a possibility of reversing bone
marrow histopathologic abnormalities in PV and PMF [3]. In the Nordic MPN Group guidelines IFN-α is the recommended
first line therapy for younger patients with PV and ET, with high risk criteria, based on its lack of leukemogenesis together
with the potential of hematologic and molecular response [4]. IFN-α treatment may be limited due to its lack of efficacy and
patients concerns about tolerability due to adverse side effects (e.g. flu-like symptoms and neuropsychiatric side effects)
and the need for subcutaneous administration [3, 5]. The availability of pegylated (peg) forms has increased the feasibility of
IFN-α treatment due to less toxicity and a more favorable pharmacokinetic profile.
IFN-α, together with IFN-β, belongs to the family of type I IFNs, is an approved drug for treatment of various cancers
including hairy cell leukemia, chronic myeloic leukemia, multiple myeloma, follicular lymphoma, carcinoid syndrome
and malignant melanoma [6]. Its use as an anti-tumor treatment remains limited in contrast to its widespread use as an
antiviral agent. In chronic hepatitis C virus (HCV) infection, the standard of care treatment includes pegIFN-α in
combination with ribavirin, with a sustained viral response (SVR) occurring in approximately 50% of the patients [7, 8].
HCV genotype is well established as a strong predictor for treatment response, genotype 1 showing the lowest rates of
SVR, and is a primary determinant of treatment duration [9, 10].
Four genome-wide association studies (GWAS) have demonstrated several linked single nucleotide polymorphisms
(SNPs) in the close proximity of the region of interleukin-28B (IL28B) as being highly predictive of the response to
pegIFN-α and ribavirin treatment for HCV infection [11]. The first and largest of these studies, reported by Ge et al in 2009,
identified the C allele at rs12979860 as a strong predictor of SVR in HCV genotype 1-infected patients [10]. Patients
homozygous for the C allele, i.e. carrying CC genotype, had a 2-fold higher SVR rate as compared with those with CT or
TT genotype. The frequency of CC genotype is more common in European than in African populations, which partly
explains the difference in HCV treatment response between these two groups. The CC genotype at rs12979860 was also
favorable in terms of a 3-fold greater likelihood of spontaneous clearance of HCV infection compared to patients carrying
the TC or TT genotype [10, 12]. Subsequent GWAS showed that treatment response was significantly influenced by other
IL28B SNPs, in particular rs8099917 [13-15] and rs12980275 [13]. Thus, patients with genotype TT at rs8099917 and
genotype AA at rs12980275 have been shown to have a higher SVR rate in pegIFN-α and ribavirin treated patients with
HCV infection. Considerable co-variation has been shown between rs12979860 and rs8099917 [15], as well as between
rs12979860 and rs12980275 [16].
There are to this date no reports regarding SNP variations in the IL28B region and IFN-α treatment outcome in myeloid
malignancies. The IFN-α treatment time has not limitations, but side effects may lead to discontinuation of treatment [17]. A
valid biomarker to support therapy decision regarding the choice of cytoreductive treatment would be of great value. With
the knowledge of the genetic biomarkers in IL28B and IFN-α treatment outcome in HCV genotype 1, we have performed
a pilot study on IFN-α in 20 patients with PV or ET.
The aim of the present study was to compare the hematologic response with respect to the IL28B polymorphism at
rs12979860, rs8099917 and rs12980275.
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2 Material and methods
2.1 Patients and study design
This study includes 12 patients with ET and 8 with PV, currently or previously treated with IFN-α, followed up at
Sahlgrenska University Hospital and Uddevalla Hospital. The gender, ages, and results of routine blood tests are described
in Table 1. All the patients satisfy the 2008 WHO diagnostic criteria for ET or PV, including those who were diagnosed
before 2008 [18]. IFN-α was chosen as the best treatment for these high risk patients, i.e. age over 60 years, thrombotic
complications and/or platelets > 1500 ×109/L, with the intention of long term treatment in the absence of side effects and
complications. 10 patients received IFN-α2b and 10 patients received IFN-α2a , the majority of them had or have had
subcutaneous injections with 3M units 3 times a week and 135µg weekly for IFN-α2b and IFN-α2a, respectively. Seven
patients had prior to IFN-α therapy been treated with hydroxyurea and the majority of PV patients had been
phlebotomized. The length of treatment in months varies greatly, the median time on IFN-α therapy was 50 months (range
6-240). For the patients who reached European Leukemia Net (ELN) criteria CR the median treatment time was 32 months
(range 5-138), whereas the patients who did not reach CR had been on IFN-α for a median time of 60 months (range
9-240).
Table 1. Demographic data and peripheral blood counts for 20 patients with PV and ET treated with interferon (median
and ranges are given)
Gender (male/female)
Age at diagnosis
JAK2 V617F/wt
HU treatment prior to IFN

Hemoglobin (g/L)
Hematocrit (%)
White blood cells (×109/L)
Platelets (×109/L)

PV n=8
3/5
48
(29-58)
6/0
4
Before IFN
145
(127-171)
47
(44-54)
8.4
(5.8-14.6)
936
(255-1437)

After IFN
126*
(104-147)
42*
(32-46)
4.7*
(2.9-8.8)
371*
(208-535)

ET n=12
5/7
52
(31-62)
4/5
3
Before IFN
144
(101-161)
45
(30-49)
8.4
(3.2-11.4)
1070
(291-1580)

After IFN
127
(100-157)
38.5
(36-46)
5.0
(2.3-8.1)
364*
(187-654)

*= p<0.05(Log Rank test), difference between before and after interferon treatment
Abbreviations: PV= polycythemia vera, ET= essential thrombocythemia, wt= wild type, HU= hydroxyurea, IFN= interferon

Medical charts of these patients were reviewed, treatment duration of IFN-α was noted and laboratory data corresponding
to the period of time they were undergoing interferon treatment were evaluated. The ELN criteria were used to evaluate
response to treatment of PV and ET [19]. Laboratory data and time to best clinical sustained response were recorded.
A large proportion of the patients were diagnosed, and IFN-α therapy was initiated before the discovery of JAK2 mutation
in 2005, making meaningful evaluation of the molecular response to treatment not possible in this study as no
pre-treatment allele burden was available in this group.

2.2 Genetic analyses
A 5mL peripheral blood sample was obtained from each of the included patients. DNA from whole blood samples was
isolated using MagNA Pure LC DNA Isolation Kit I (Roche diagnostics, Mannheim, Germany) for IL28B genotyping.
The variability at rs12979860, rs12980275 and rs8099917 were determined by allelic discrimination assays using Taqman
minor groove binding probes, using primers and probes described in Table 2. Briefly, the analysis was performed by first
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running a two-step PCR (15 s at 95 _C; 60 s at 60 _C) on an ABI 7300 instrument (Applied Biosystems, Foster City, CA,
USA), followed by a post-PCR read of fluorescence intensity from the two fluorophores to allow allelic discrimination.
Table 2. Primers and probes used for the determination of IL28B genotype
snp
rs12979860

rs8099917

rs12980275

Forward primer
Fam probe
Vic probe
Reverse primer
Forward primer
Fam probe
Vic probe

GTGCCTGTCGTGTACTGAACCA
FAM-CCTGGTTCGCGCCTT-MGB
VIC-CCTGGTTCACGCCT-MGB
AGCGCGGAGTGCAATTCA
TGTTCCTCCTTTTGTTTTCCTTTC
FAM-TGTGAGCAATGTCACCCA-MGB
VIC-TGTGAGCAATTTCACCCAA-MGB

Reverse primer

CAAACTGTATACAGCATGGTTCCAA

Forward primer

CTACATGAGGTGCTGAGAGAAGTCA

Fam probe

FAM-ATTCCTAGAAACAGACGTGTC-MGB

Vic probe

VIC-CCTAGAAACGGACGTGTC-MGB

Reverse primer

TCCTATTAACCCCTCCCGCTAC

2.3 Ethical considerations
This study was approved by the Ethical Committee of the “Västra Götaland Regionen”. All participants gave their written
informed consent.

2.4 Statistical methods
Routine statistical methods for mean, median and range were used. Log Rank test was used when two groups were
compared. Fisher’s exact test was used to compare response rates.

3 Results
The peripheral blood values before IFN treatment was initiated showed no significant differences between the 12 ET
patients and the 8 PV patients, data are shown in Table 1. In the ET patients, the platelet concentration, after IFN treatment,
was significantly reduced from a mean of 1070 to 364 (p=0.002). The PV patients had a significant reduction of mean
hemoglobin concentration, hematocrit, white blood cell concentration and platelet concentration after IFN treatment
(p=0.021, 0.009, 0.021 and 0.028, respectively).
Three different SNPs were analyzed. The rs12979860 analysis showed that 9 patients had the CC genotype, 10 patients
had the CT and one patient had TT genotype. As to rs8099917, 12 patients had the TT and 8 had the TG genotype.
Corresponding genotypes for rs12980275 were 10 patients with AA, 9 with AG and one patient with GG. Nine patients
had the CTA/CTA haplotype while 11 patients had other combinations.
Among the 20 MPN patients 5 with PV and 6 with ET reached hematologic CR with criteria stipulated by ELN. Two
patients with PV and 6 with ET had PR and one PV patient was NR. For the 11 patients who reached CR the mean platelet
concentration was significantly reduced from 1019 to 326 (p<0.001), whereas the corresponding means for the patients not
reaching CR were 785 and 470 (p=0.228). The mean platelet concentrations prior to IFN treatment in the group of patients
reaching CR did not differ significantly from the PR/NR group (p=0.263). On the other hand the mean platelet
concentration after treatment differed significantly after IFN treatment (p=0.029).
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Ten of the 20 MPN patients stopped IFN treatment due to side effects, 5 of these had reached CR criteria and 5 were in PR.
Out of the 10 patient who stopped treatment, 5 had been treated with IFN-α2a and 5 had been on IFN-α2b during the main
treatment time, two patients tried both types of IFN. The main adverse symptoms were fatigue (5), depression (2),
myalgia/flu like symptoms (2), neutropenia (1), alopecia (1) and anemia (1). There were no significant differences with
regard to IL28B genotype between patients who had stopped treatment and the ones who were still on IFN.
Variations in the investigated SNPs according to treatment outcome are displayed in Table 3. Out of the 9 PV and ET
patients with CC genotype in rs12979860 8 obtained CR after IFN therapy, whereas one patient was in PR. Among the
patients with genotype CT or TT only three had CR, 7 had PR and one had NR. The difference between the CC vs. the
non-CC group was statistically significant (p=0.010). The combined favorable haplotype of the three investigated SNPs
(CTA/CTA) showed identical CR rates as the CC genotype (p=0.010). 10 PV and ET patients had genotype AA in
rs12980275, 8 of them reached CR and 2 PR. Only 3 out of the 10 patients with AG or GG genotype were in CR after
IFN-α treatment. This difference did not quite reach statistical significance (0.070). As to rs8099917, corresponding
difference between the TT and non-TT groups did not reach statistical significance (p=0.175).
Eleven of the PV and ET patients had been exposed to hydroxyurea (HU) therapy prior to or after IFN-α treatment. Two
patients were intolerant to HU (one with CC genotype and one with CT); one patient with CT genotype needed a
combination of HU and IFN to reach PR. Three patients reached a better hematologic response on HU compared to IFN-α,
3 had unchanged response and 2 had better response to IFN-α. Three of the 5 patients who reached CR on HU therapy had
CC genotype and 2 had CT.
Table 3. Hematologic response (ELN criteria) during interferon treatment in 20 patients with polycythemia vera and
essential thrombocythemia with regard to IL28B polymorphism
IL28B genotype
rs 12979860
CC
Non-CC
rs 8099917
TT
Non-TT
rs 12980275
AA
Non-AA
Haplotype
CTA/CTA
Non-CTA/CTA

PV n=8
CR

PR or NR

ET n=12
CR
PR or NR

All n=20
CR
PR or NR

4
1

0
3

4
2

1
5

8
3

1
8

0.010

4
1

0
3

4
2

3
3

8
3

3
6

0.175

3
2

1
2

4
2

2
4

8
3

2
7

0.070

4
1

0
3

4
2

1
5

8
3

1
8

0.010

p

Abbreviations: PV= polycythemia vera, ET= essential thrombocythemia, CR= complete response (ELN criteria), PR= partial response (ELN criteria), NR= no response (ELN criteria), p= significance
level all patients are compared (n=20) (Fisher’s exact test).

4 Discussion
Since the discovery of polymorphism in close proximity of the region of IL28B in 2009 the analysis of the genotype at
rs12979860 has rapidly become available and used in routine clinical practice as a base parameter together with viral load
and liver fibrosis stage as a significant pre-treatment predictor of response to therapy in HCV genotype 1[20].
In this study 20 MPN patients who underwent treatment with recombinant IFN therapy were evaluated with respect to
hematologic response, according to the ELN criteria, and IL28B gene polymorphism. Nine out of the 23 patients (39%)
had the CC genotype at rs12979860, which in HCV treatment is favorable. The corresponding frequencies for TT
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genotype at rs 8099917 and AA genotype at rs12980275 were 61% and 43%, respectively. The studied SNPs are part of
the normal human genome and the genotype frequencies are found to vary in different populations, the frequencies in our
cohort correspond well with what is reported for a white population [21].
Among the 20 ET and PV patients treated with IFN the hematologic CR rate was 89% in the patient group with genotype
CC at rs12979860 compared to 27% with the CT or TT genotype. This difference was statistically significant (p=0.010).
The corresponding CR rate for patients with AA genotype at rs12980275 was 80% compared to 30% for patients with AG
or GG genotype, this difference did not quite reach statistical significance (p=0.070). Further, the patients with TT
genotype at rs8099917 reached CR in 73% compared to 33% in TG genotype group (p=0.175). When combining the three
evaluated SNPs, the haploid CTA/CTA showed the same CR rates as the genotype CC at rs12979860 (p=0.010). (Table 3)
The number of patients with available JAK2 mutation status was too small to make any conclusions, several patients were
diagnosed and started treatment before the identification of JAK2 V617F mutation in 2005.
During IFN treatment the mean platelet concentrations from both ET and PV patients decreased significantly (Table 1).
There were no significant differences in peripheral blood counts before IFN therapy was initiated when the group of
patients with genotype CC at rs12979860 was compared to the ones with CT or TT genotype. Also, the decrease of platelet
concentration was significant for both groups during IFN treatment. Although the number of patients is limited, the effect
on CR rate seems to be linked to the IFN therapy. Thus, 10 of the patients had also been treated with HU, out of these 8
patients had HU therapy for long enough time to evaluate hematologic response; 3 patients got a better response on HU, 2
experienced a poorer response grade, while 3 had an unchanged response grade.
Two types of recombinant IFN were used in the treatment; INF-α2a and INF-α2b. There was no significant difference with
respect to hematologic response rate between the 2 types. Neither did we see any differences in side-effects among the 10
patients where IFN therapy was stopped, 5 had been treated with IFN-α2a and 5 had been on IFN-α2b. The main causes for
ending therapy were fatigue, depression and myalgia/flu like symptoms, which are frequently reported symptoms.
IL28B, discovered and first described in 2003 [22, 23], belongs to the family of interferon-λ (IFN-λ) and classified as type III
IFN. These cytokines are distantly related to the type I IFNs (α and β) and the IL-10 family. Although type I IFNs and type
III IFNs use different receptor complexes the signaling through either receptor complex results in the same JAK-STAT
signal transduction cascade [24, 25]. Thus, in spite of the fact that the type I and type III IFNs influence two independent cell
surface receptors they induce the same gene subset and exhibit similar biological activities such as inhibition of viral
replication, cellular growth inhibition, and apoptosis [26]. In contrast to IFN-α receptors, which are expressed on most cell
types, IFN-λ receptors are expressed mainly on epithelial cells and specific subsets of immune cells [25]. It might be that
synergistic effects between the treatment type I IFN and the favorable type III IFN genotype are responsible for the
response benefits found in this study [27].
We conclude that, even if the number of patients in this pilot study is small, IL28B gene polymorphism could be a valuable
predictor for IFN treatment response in MPN patients. Larger studies have to be performed to confirm these findings.
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