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ABSTRACT
Patients with IBD frequently have hematologic abnormalities suggestive of JAK2 mutated MPNs, but are traditionally
classified as reactive processes. Haplotype 46/1 is a well-characterized genetic predisposition, common to both inflammatory bowel disease (IBD) and myeloproliferative neoplasms (MPN). In view of this shared genetic predisposition, we
measured the frequency of the JAK2V617F mutation in IBD patients with thrombocytosis or erythrocytosis, in order to
ascertain whether a higher than expected proportion of these patients may in fact have underlying MPNs. 1121 patients
were identified with an active diagnosis of Crohn’s disease or ulcerative colitis, of which 474 had either thrombocytosis
or erythrocytosis. Patients with abnormal counts were tested for the JAK2V617F mutation during routine follow-up visits.
Interim analysis of first 23 patients tested was performed to assess whether the JAK2V617F positivity rate was statistically significant compared with known expected frequencies in a comparable control population. Of 23 patients, 13
patients had thrombocytosis and 10 had erythrocytosis. Three patients with thrombocytosis (23%), and 1 patient with
erythrocytosis (10%), tested positive for JAK2V617F, exceeding the expected thresholds for statistical significance. In
patients with IBD and thrombocytosis or erythrocytosis, a meaningful proportion may harbor an undiagnosed MPN, as
indicated by clonal abnormalities such as JAK2V617F. These findings imply the need for increased testing of these patients for clonal hematologic abnormalities, and importantly, if found, suggest the need for therapeutic strategies with
drugs, such as JAK2 inhibitors, in patients with both MPN and IBD.
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1. Introduction
Thrombocytosis is a common finding in patients with
inflammatory bowel disease (IBD), as well as other autoimmune diseases and connective tissue disorders [1-3].
Traditionally defined as reactive or secondary thrombocytosis, the increased platelet count in these settings is
attributed to various causes, including chronic inflammation, bleeding, iron deficiency, and abnormally elevated
serum inflammatory cytokines (e.g. IL6) and growth
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factors such as thrombopoietin [3-5]. In contrast, clonal
thrombocytosis as seen in the myeloproliferative neoplasms (MPN), including essential thrombocythemia (ET),
polycythemia vera (PV), and primary myelofibrosis
(PMF), carries a significantly higher risk of thromboembolic disease and evolution of the underlying MPN to
acute leukemia, making it important, and challenging, to
clinically distinguish between these two categories in
patients with thrombocytosis [3,5].
Clonal thrombocytosis and erythrocytosis are characterized by identifiable cytogenetic or molecular abnorIJCM
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malities in the hematopoietic stem cells, progenitor cells,
and/or circulating mature leukocytes [5,6]. In the MPNs,
the most common such abnormality is the JAK2V617F
mutation, seen in more than 95% of patients with PV,
and 50% of patients with ET and PMF [7,8]. Since secondary thrombocytosis occurs more commonly than the
clonal thrombocytosis of the MPNs [4,5], patients with
thrombocytosis in the setting of IBD are commonly and
appropriately diagnosed as having reactive thrombocytosis. However, an important and therapeutically relevant
question that remains unanswered is whether or not a
significant proportion of these patients might have unrecognized clonal thrombocytosis.
Large population-based studies have shown that patients with autoimmune diseases including IBD are more
predisposed to developing MPNs [8]. Patients with a
history of Crohn’s disease (CD) and other autoimmune
disorders are 2 to 3 times more likely to develop MPN
compared to normal controls, translating into a 20% increased lifetime risk [9,10]. Several independently conducted genome-wide association studies (GWAS) in patients with IBD and MPNs have revealed shared genetic
predisposition factors between these two seemingly disparate diseases [11-15]. GWAS studies in patients with
CD identified predisposition variants in the genes coding
for IL23R, IL12B, JAK2, and STAT3 [11,12]. That
JAK2 and STAT3 are downstream components of IL23
signaling by TH1 and TH17 cells involved in the pathogenesis of IBD, serves as a possible mechanistic link
among these associations [16].
Intriguingly, the same haplotype 46/1 within the JAK2
gene predisposes to IBD and substantially increases the
risk of acquiring the JAK2V617F mutation and MPNs [1315]. The 46/1 haplotype occurs with a frequency as high
as 56% in patients with JAK2 mutated MPNs, compared
with 24% in the general population [13]. Importantly,
this haplotype confers an increased predisposition not
only to acquiring the JAK2V617F mutation, but also to
mutations in JAK2 exon 12, MPL, and JAK2 non-mutated MPNs [13].
Although the mechanisms underlying these shared
predispositions are poorly understood, these findings
collectively suggest a plausible and largely unexplored
pathophysiologic link between IBD and MPNs that may
have important diagnostic and therapeutic implications
for both diseases.
To examine such a potential link, we performed a pilot
study where patients with IBD and thrombocytosis or
erythrocytosis were screened for the JAK2V617F mutation.
We found that a higher than expected proportion of patients with IBD has JAK2 mutated clonal rather than
secondary hematologic abnormalities, indicating a heretofore unrecognized subset of patients with IBD who
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carry the JAK2 mutation. In addition to providing clinical confirmation of a known genetic association between
two seemingly distinct diseases, our findings may lend
credence to the notion of using JAK2 inhibitors to treat
not only MPNs, but also IBD.

2. Patients and Methods
First, after obtaining approval by the Institutional Review
Board (IRB) at Weill Cornell Medical College, we identified all patients actively being followed at the Center
for Inflammatory Bowel Disease using diagnosis codes
for Crohn’s disease (CD) or ulcerative colitis (UC) in the
electronic medical record (EMR) system. Patients with
IBD and thrombocytosis or erythrocytosis were then
identified by setting appropriate search filters within the
EMR. Thrombocytosis was divided into 3 categories:
patients with platelet counts of 450 to 600 (×103/µL), 600
to 1000 (×103/µL), and greater than 1000 (×103/µL).
Erythrocytosis was similarly categorized into patients
with hemoglobin (Hb) of 16 to 18 g/dL, and more than
18 g/dL. In order to be included in the screen, patients
required elevated platelet or hemoglobin values in the
defined category on at least two separate occasions, no
less than 8 weeks apart. Care was taken to ensure that
none of the patients were receiving medications known
to increase Hb or platelet counts. JAK2V617F mutation
testing on peripheral blood was performed when patients
identified in the screen came for routine follow-up visits
to the IBD Center at Weill Cornell. Informed consent for
JAK2V617F mutational testing was obtained prior to collecting peripheral blood. JAK2V617F allele burdens were
determined by pyrosequencing, which quantifies mutant
alleles more than 5% [14]. If negative by pyrosequencing,
we used an ARMS-PCR assay with a sensitivity of 0.1%
[14].
Interim analysis of the first 23 patients tested for
JAK2V617F (13 with thrombocytosis, 10 with erythrocytosis) was performed as a pilot study, with the intent of
expanding testing to a larger patient cohort only if the
number of positive results met thresholds for statistical
significance, derived using JAK2V617F mutation frequencies in a comparable control population. Given that ET
accounts for approximately 10% of all patients with
thrombocytosis [3,5], of which only half carry the
JAK2V617F mutation [8], a 5% positivity rate would be
predicted in a control population. Based on our sample
size of 13 patients with thrombocytosis, 1 positive result
or an 8% positivity rate was set as the threshold to meet
statistical significance (p < 0.05) using the one-tailed
Chi2 test for categorical variables. Since JAK2 mutated
PV accounts for an even lower proportion of all-comers
with erythrocytosis (<5%) [17], the same threshold level
for statistical significance was set for the 10 patients in
IJCM
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our study who had erythrocytosis.

3. Results
A screen of the EMR at Weill Cornell Medical College
identified 1121 patients with an active diagnosis of CD
or UC. The median age of this cohort was 39 years (range: 18 - 103 years). Of these, 345 (30.7%) had thrombocytosis (platelet count > 450 × 103/µL) and 129 (11.5%)
had erythrocytosis (Hb > 16 g/dL) (Figure 1). Of patients with thrombocytosis, 60.5% had platelet counts
between 450 - 600 (×103/µL) and the remainder had
counts more than 600 × 103/µL, with 10 patients having
platelet counts more than 1000 × 103/µL (Figure 1).
Of the 474 patients with abnormal counts, we were
able to test 23 (13 with thrombocytosis and 10 with erythrocytosis) for JAK2V617F over a period of 6 months. Me-

dian age of this group was 36 years (range: 18 - 69 years)
(Table 1). The median platelet count in the thrombocytosis group was 941 × 103/µL (range: 478 - 1677 ×
103/µL); median Hb in the erythrocytosis group was 16.9
g/dL (range: 15.8 - 21.2 g/dL). Other patient characteristics are outlined in Table 1.
The median duration of IBD in the 23 patients was 10
years (range: 3 - 52 years). Disease activity, as defined
by the Crohn’s Disease Activity Index (CDAI), was low
in 11, moderate in 5, and severe in 7 patients at the time
of JAK2 mutation testing. All patients had received an
average of at least 4 treatments (range 1 - 12) during their
disease course, including systemic steroids, bowel specific anti-inflammatory drugs (mesalamine), cytotoxic
drugs (6-MP, methotrexate), and monoclonal antibodies(infliximab, adalimumab, ustekinumab).

Figure 1. Results of the EMR screen.
Table 1. Patient demographics.
Variable

Number (%)

Median age (yr)

36 (rang: 18 - 69)

Male

16 (70%)

Female

7 (30%)

Crohn’s disease

15 (65%)

Ulcerative colitis

8 (35%)

Erythrocytosis (Hb > 16)

10 (43.5%)

Median (range)

16.9 (15.8 - 21.2)

Thrombocytosis (Plts > 600)

13 (56.5%)

Median (range)

941 (478 - 1677)

Number of patoents found to have MPN

5 (21.7%)

JAK2V617F positive*

4 (17.4%)

JAK2V617F negative**
*

1 (4%)
**

3 with thrombocytosis (ET). 1 with erythrocytosis (undiagnosed MPN); PMF with thrombocytosis.
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Three patients in the thrombocytosis group (23%), and
one patient in the erythrocytosis group (10%) tested positive for the JAK2V617F mutation, exceeding our threshold
positivity level for statistical significance based on the
one-tailed Chi2 test for categorical variables (p < 0.05).
The platelet counts of the 3 thrombocythemic patients
with the JAK2 mutation were 748, 1492, and 734
(×103/µL). All 3 had essential thrombocytosis (ET) and
were on antiplatelet therapy with ASA. One was on systemic anticoagulation for deep vein thrombosis (DVT).
One patient with thrombocytosis who tested negative for
JAK2V617F, had a diagnosis of primary myelofibrosis
(PMF). The patient with erythrocytosis who tested positive for JAK2V617F had a Hb of 16.7 g/dL and had no
prior history of phlebotomy or known diagnosis of MPN.

4. Discussion
In light of substantial data from GWAS, studies supporting a shared genetic predisposition for both MPN and
IBD in the form of the 46/1 haplotype, JAK2V617F testing
in IBD patients would be a step towards validation of
these findings, particularly in patients with hematologic
abnormalities suggestive of MPNs. Our results indicate
that clonal hematologic abnormalities may occur at a
greater frequency in this patient cohort than traditionally
thought.
Of our 13 patients with thrombocytosis, 23% had the
JAK2V617F mutation, significantly exceeding the expected
frequency of clonal causes in all-comers with thrombocytosis. Since only 50% of patients with ET and PMF
carry the JAK2 mutation [7,8], the actual proportion of
IBD patients with clonal thrombocytosis may potentially
be twice that observed in this study, since we only
screened for those carrying the mutation. Indeed, our
pilot study revealed one patient with JAK2 wild-type
PMF. As testing is expanded to the larger cohort of patients, identifying those patients with JAK2 wild-type ET
or PMF will entail further diagnostic tests for MPNs as
recently outlined [18,19]. Our findings imply that a nontrivial proportion (at least 20%) of patients with IBD and
thrombocytosis may have an underlying MPN. Whether
or not this is true within the entire spectrum of autoimmune diseases with thrombocytosis is unknown, and
warrants further study.
As with thrombocytosis, erythrocytosis occurs more
commonly from secondary causes than clonal JAK2 mutated PV [17]. Most patients with IBD have low Hb owing to anemia of chronic disease and/or iron deficiency
anemia [20], but experience significant fluctuations in
Hb over time from episodic volume depletion and hemoconcentration or blood transfusions. Taken together,
one would predict a low likelihood of identifying true
clonal erythrocytosis in IBD patients using only Hb as a
Open Access
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screening tool. Therefore, the finding of JAK2V617F in
even 1 of our 10 patients is especially striking. As 10%
in our entire cohort of more than a thousand IBD patients
had erythrocytosis, the expansion phase of the study may
approximate the actual incidence of clonal erythrocytosis
(PV) in these patients.
Patients with IBD are at the increased risk of both arterial and venous thrombosis, as high as a 40% frequency
of thromboembolic disease [2-5], and at a 3.6 fold increased risk of thrombosis compared with normals [3].
Since thromboembolic disease is one of the most frequently observed manifestations of MPNs, particularly in
those carrying JAK2 mutations [5,21], coexisting IBD
and MPN would arguably increase the baseline risk of
thrombosis by several fold in these patients. A small
study in which 48 patients with IBD and thrombotic
events were tested for the JAK2V617F mutation was negative, although none of the patients had overt hematologic
abnormalities [22]. Since only a small minority of patients with JAK2 mutated MPNs have normal peripheral
counts by definition [19], testing for JAK2 mutations in
IBD patients with hematologic abnormalities has a higher
likelihood of identifying those at the increased risk of
thrombosis. Indeed, in our pilot study of selected patients
with hematologic abnormalities, one of 13 patients with
thrombocytosis had a thrombotic event in the setting of
IBD and JAK2 mutation. That 46/1 is one among several
haplotypes within various genes involved in the IL23 and
JAK2 signaling pathway, suggests increased JAK2 signaling in IBD, even in the absence of somatically acquired mutations [16]. Since it is known that 46/1 increases the chance of acquiring the JAK2V617F and other
mutations in the JAK2 gene, the important question arises from whether JAK2 mutations may contribute to the
pathophysiology of IBD, independent of any effect on
the hematopoietic compartment.
Since several JAK2 inhibitors are now available and
show efficacy in treating both JAK2 mutated and
non-mutated MPNs [23,24], the finding of a higher than
expected JAK2 mutation rate in IBDs poses the therapeutic question about whether these drugs might improve
symptoms of IBD in refractory patients. This question
has been explored with the JAK1 and JAK3 inhibitor
tofacitinib in ulcerative colitis [25], but JAK2 specific
inhibitors have yet to undergo large-scale testing in this
disease setting. Our findings support a common link between MPNs and IBDs warrant therapeutic trials of
JAK2 inhibitors in IBD patients, whether hematologic
abnormalities are present or not.
In conclusion, the results of this pilot study indicate
that the actual incidence of clonal thrombocytosis or
erythrocytosis in patients with IBD may be more substantial than traditionally thought. Our findings may repIJCM
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resent the clinical manifestation of a shared genetic predisposition for IBD and MPN in the form of the 46/1
haplotype, and therefore, warrant not only large scale
testing for MPNs in patients with IBD, but therapeutic
trials of drugs with potential to simultaneously improve
outcomes for both diseases.

5. Acknowledgements
1) E. T. K. was supported by the Johns Family Fellowship in Myeloproliferative Neoplasms, The Cancer
Research and Treatment Fund, Inc., New York, NY.
2) We are grateful to Jacob Weiser for conducting the
EMR screen to identify the patients for this study.
3) This work was supported in part by the William and
Judy Higgins Trust of the Cancer Research and Treatment Fund, Inc., New York, NY.

REFERENCES
[1]

P. M. Irving, K. J. Pasi and D. S. Rampton, “Thrombosis
and Inflammatory Bowel Disease,” Clinical Gastroenterology and Hepatology, Vol. 3, No. 7, 2005, pp. 617628. http://dx.doi.org/10.1016/S1542-3565(05)00154-0

[2]

D. Silvio, C. de la Motte and C. Fiocchi, “Platelets in
Inflammatory Bowel Disease: Clinical, Pathogenic, and
Therapeutic Implications,” American Journal of Gastroenterology, Vol. 99, No. 5, 2004, pp. 938-945.
http://dx.doi.org/10.1111/j.1572-0241.2004.04129.x

[3]

M. Griesshammer, M. Bangerter, T. Sauer, R. Wennauer,
L. Bergmann and H. Heimpel, “Aetiology and Clinical
Significance of Thrombocytosis: Analysis of 732 Patients
with an Elevated Platelet Count,” Journal of Internal
Medicine, Vol. 245, No. 3, 1999, pp. 295-300.
http://dx.doi.org/10.1046/j.1365-2796.1999.00452.x

[4]

A. I. Schafer, “Thrombocytosis,” New England Journal of
Medicine, Vol. 350, No. 12, 2004, pp. 1211-1219.
http://dx.doi.org/10.1056/NEJMra035363

[5]

A. M. Vanucchi and T. Barbui, “Thrombocytosis and
Thrombosis. Hematology, Vol. 2007, No. 1, 2007, pp.
363-370.
http://dx.doi.org/10.1182/asheducation-2007.1.363

[6]

[7]

B. Anger, J. W. Janssen, H. Schrezenmeier, R. Hehlmann,
H. Heimpel and C. R. Bartram, “Clonal Analysis of Chronic Myeloproliferative Disorders Using X-Linked DNA
Polymorphisms,” Leukemia, Vol. 4, No. 4, 1990, pp. 258261.
Y. L. Wang, K. Vandris, A. V. Jones, N. C. Cross, P.
Christos, F. Adriano and R. T. Silver, “JAK2 Mutations
Are Present in All Cases of Polycythemia Vera,” Leukemia, Vol. 22, No. 6, 2008, p. 1289.
http://dx.doi.org/10.1038/sj.leu.2405047

[8]

J. J. Kiladjian, “The Spectrum of JAK2-Positive Myeloproliferative Neoplasms,” HEMATOLOGY American
Society of Hematology Education Program, Vol. 2012,
No. 1, 2012, pp. 561-566.

[9]

S. Y. Kristinsson, O. Landgren, J. Samuelsson, M. Bjor-

Open Access

kolm and L. R. Goldin, “Autoimmunity and the Risk of
Myeloproliferative Neoplasms,” Haematologica, Vol. 95,
No. 7, 2010, pp. 1216-1220.
http://dx.doi.org/10.3324/haematol.2009.020412
[10] A. V. Jones and N. C. P. Cross, “No Association between
Myeloproliferative Neoplasms and the Crohn’s Disease-Associated STAT3 Predisposition SNP rs744166,”
Haematologica, Vol. 95, No. 7, 2010, pp. 1226-1227.
[11] J. C. Barrett, S. Hansoul, D. L. Nicolae, J. H. Cho, R. H.
Duerr, J. D. Rioux, et al., “Genomewide Association Defines More Than 30 Distinct Susceptibility Loci for
Crohn’s Disease,” Nature Genetics, Vol. 40, No. 8, 2008,
pp. 955-962. http://dx.doi.org/10.1038/ng.175
[12] K. Wang, H. Zhang, S. Kugathasan, V. Annese, J. P.
Bradfield, R. K. Russell, et al., “Diverse Genome-Wide
Association Studies Associate the IL12/IL23 Pathway
with Crohn Disease,” The American Journal of Human
Genetics, Vol. 84, No. 3, 2009, pp. 399-405.
http://dx.doi.org/10.1016/j.ajhg.2009.01.026
[13] A. V. Jones, A. Chase, R. T. Silver, D. Oscier, K. Zoi, Y.
L. Wang, et al., “JAK2 Haplotype Is a Major Risk Factor
for the Development of Myeloproliferative Neoplasms,”
Nature Genetics, Vol. 41, No. 4, 2009, pp. 446-449.
http://dx.doi.org/10.1038/ng.334
[14] D. Olcaydu, A. Harutyunyan, R. Jager, T. Berg, B. Gisslinger, I. Pabinger, et al., “A Common JAK2 Haplotype Confers Susceptibility to Myeloproliferative Neoplasms,” Nature Genetics, Vol. 41, No. 4, 2009, pp. 450454. http://dx.doi.org/10.1038/ng.341
[15] O. Kilpivaara, S. Mukherjee, A. M. Schram, M. Wadleigh,
A. Mullally, B. L. Ebert, et al., “A Germline JAK2 SNP
Is Associated with Predisposition to the Development of
JAK2(V617F)-Positive Myeloproliferative Neoplasms,”
Nature Genetics, Vol. 41, No. 4, 2009, pp. 455-459.
http://dx.doi.org/10.1038/ng.342
[16] S. Brand, “Crohn’s Disease: Th1, Th17 or Both? The
Change of a Paradigm: New Immunological and Genetic
Insights Implicate Th17 Cells in the Pathogenesis of
Crohn’s Disease,” Gut, Vol. 58, No. 8, 2009, pp. 11521167. http://dx.doi.org/10.1136/gut.2008.163667
[17] G. Finazzi, X. T. Gregg, T. Barbui and J. T. Prchal, “Idiopathic Erythrocytosis and Other Non-Clonal Polycythemias,” Best Practice & Research: Clinical Haematology,
Vol. 19, No. 3, 2006, pp. 471-482.
http://dx.doi.org/10.1016/j.beha.2005.07.006
[18] J. L. Spivak and R. T. Silver, “The Revised World Health
Organization Diagnostic Criteria for Polycythemia Vera,
Essential Thrombocytosis, and Primary Myelofibrosis:
An Alternative Proposal,” Blood, Vol. 112, No. 2, 2008,
pp. 231-239.
http://dx.doi.org/10.1182/blood-2007-12-128454
[19] R. T. Silver, W. Chow, A. Orazi, S. P. Arles and S. J.
Goldsmith, “Evaluation of WHO Criteria for Diagnosis of
Polycythemia Vera: A Prospective Analysis,” Blood, Vol.
122, No. 11, 2013, pp. 1881-1886.
http://dx.doi.org/10.1182/blood-2013-06-508416
[20] G. Bergamaschi, A. Di Sabatino, R. Albertini, S. Ardizzone, P. Biancheri, E. Bonetti, et al., “Prevalence and PaIJCM

The JAK2V617F Mutation Seen in Myeloproliferative Neoplasms (MPNs) Occurs
in Patients with Inflammatory Bowel Disease: Implications of a Pilot Study

15

thogenesis of Anemia in Inflammatory Bowel Disease.
Influence of Anti-Tumor Necrosis Factor-Alpha Treatment,” Haematologica, Vol. 95, No. 1, 2010, pp. 199-205.
http://dx.doi.org/10.3324/haematol.2009.009985

ta, J. F. DiPersio, et al., “A Double-Blind, Placebo Controlled Trial of Ruxolitinib for Myelofibrosis,” New England Journal of Medicine, Vol. 366, No. 9, 2012, pp.
799-807. http://dx.doi.org/10.1056/NEJMoa1110557

[21] H. Reikvam and R. V. Tiu, “Venous Thromboembolism
in Patients with Essential Thrombocythemia and Polycythemia Vera,” Leukemia, Vol. 26, No. 4, 2012, pp. 563571. http://dx.doi.org/10.1038/leu.2011.314

[24] S. Verstovsek, “Therapeutic Potential of JAK2 Inhibitors,” Hematology, Vol. 2009, No. 1, 2009, pp. 636-642.
http://dx.doi.org/10.1182/asheducation-2009.1.636

[22] O. Karimi, J. B. Crusius, C. Coucoutsi, R. Heijmans, A.
M. Sambuelli, A. S. Pena, et al., “JAK2 V617F Mutation
Is Not Involved in Thromboembolism in IBD,” Inflammatory Bowel Diseases, Vol. 14, No. 11, 2008, pp. 16061607. http://dx.doi.org/10.1002/ibd.20471

[25] W. J. Sandborn, S. Ghosh, J. Panes, I. Vranic, C. Su, S.
Rousell, et al., “Tofacitinib, an oral Janus Kinase Inhibitor, in Active Ulcerative Colitis,” New England Journal
of Medicine, Vol. 367, No. 7, 2012, pp. 616-624.
http://dx.doi.org/10.1056/NEJMoa1112168

[23] S. Verstovsek, R. A. Mesa, J. Gotlib, R. S. Levy, V. Gup-

Open Access

IJCM

