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However, JAK2 acts uniquely in this cascade: 

Steps: 
1. Cytokine binds to receptor subunits   
2. causes formation of dimer (or higher 

complex) of receptor subunits   
3. recruits a pair of JAK enzymes to 

receptor subunit   
4. JAKs become phosphorylated, and 

phosphorylate the receptor subunit   
5. phosphorylated residues serve as 

binding site for STAT proteins   
6. enable STAT dimerization and 

translation to nucleus 

**JAK2 uniquely forms a homodimer which is impt in hematopoiesis via signal 
transduction associated with EPO and TPO  THIS IS V V IMPT 
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There is mechanistic rationale for JAK2 
involvement in platelet increases 

 Steps: 
1. Liver makes a hormone called TPO   

2. binds to Mpl (homodimer) on HSC   

3. differentiates HSC into megakaryocytes   

4. migrate towards bone marrow sinusoidal cells   

5. extend pseudopodial projections through 
endothelial layer   

6. shed platelets into bloodstream 

 

 JAK2 knockout in HSC/progenitor cells induces 
anemia and thrombocytopenia (low platelets) 

 

 Selective deletion of Mpl in mature platelets in mice 
leads to thrombocytosis (high platelets) 
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Under normal conditions, Mpl expressed on 
circulating platelets bind to and internalize 
circulating TPO for subsequent degradation 
via a JAK2 dependent mechanism.  
In this way, circulating TPO levels are 
maintained at an appropriate level. With the 
loss of JAK2 function in mature platelets in 
this animal model, Mpl are not able to 
effectively remove TPO from the blood, 
resulting in elevated circulating TPO levels. 
JAK2 function is maintained in HSCs and MK 
progenitors in this model. 
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If TPO levels in bone marrow are not maintained, 
HSC expansion results in platelet increase 
(thrombocytosis) 

 Under normal conditions, Mpl 
expressed on circulating platelets 
bind to and internalize circulating 
TPO for subsequent degradation via 
a JAK2 dependent mechanism.  

 

 In this way, circulating TPO 
levels are maintained at an 
appropriate level.  

 

 With the loss of JAK2 function 
in mature platelets in this animal 
model, Mpl are not able to 
effectively remove TPO from the 
blood, resulting in elevated 
circulating TPO levels. JAK2 function 
is maintained in HSCs and MK 
progenitors in this model 
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Guess where FDA discussed this JAK2’s 
involvement in platelet increase? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 LLY’s baricitinib review 
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FDA has actually opined on a possible 
mechanistic link between JAK2 and platelet 
increases (and hence the DVT risk) 

 The initial spike in peripheral blood platelets observed after 14 days of treatment may be due to 
inhibition of Mpl-associated JAK2 in peripheral platelets and a subsequent increase in circulating 
TPO.  

 

 During this early time period of treatment, bone marrow concentrations of baricitinib may not be 
sufficient to inhibit Mpl-associated JAK2 function in HSCs and MK progenitors. These conditions 
would allow for TPO-induced expansion of these cell types resulting in increased  peripheral blood 
platelets.  

 

 The peak platelet level occurred at a time point that correlates approximately with the platelet 
lifespan in humans of 10 – 14 days. At later time points, bone marrow baricitinib concentrations 
are likely to be sufficient to inhibit JAK2 in HSCs and MK progenitors.  

 

 A new steady-state would be reached whereby the potential stimulatory effects of elevated 
circulating TPO would be mitigated by the inhibitory effect of baricitinib on JAK2 function in HSCs 
and MK progenitors 

 
July 26, 2019 25 

FDA briefing on baricitinib 
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For JAK2, this looks particularly concerning 
since baricitinib is a selective JAK2 inhibitor 
with evidence of platelet increases 
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Filgotinib does look like a selective JAK1 
inhibitor – see this platelet data: 
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GILD’s filgotinib 
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Thinking through safety risk on various JAKs: 

JAK-STAT biology & 
role of JAK2 in 

platelet increases 
(DVT risk) 

Comparing 
chemical structures 

of various JAK 
inhibitors 

IC50s for JAK 
inhibitors + assay 

types 
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So far: 

 We’ve seen lots of evidence for JAK2 being a bad actor 

 

 We’ve also seen some JAK inhibitors call themselves “JAK1” etc. 

 

 However, this JAK1 vs JAK2 specificity is a scale … and NOT absolute 

 

July 26, 2019 29 



Umer Raffat    
umer.raffat@evercoreisi.com | W 212-888-3905 | C 646-789-5173 EVERCORE ISI – Biotech & Pharma Equity Research 

Sources: Company documents, Conference Presentations, FDA,  EMA, 
Evercore ISI Estimates, Medical Journals, Pubmed, USPTO, Court documents  

Let’s start with a (overly) simple table 

− The JAK selectivity above is overly simplified … in reality, its much more nuanced, 
and often varies depending on assay selectivity … we’ll discuss on next few slides 
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Brand 
Name 

Company JAK1 JAK2 JAK3 Tyk2 

Tofacitinib Xeljanz Pfizer XX X XX X 

Baricitinib Olumiant Lilly X XX 

Ruxolitinib Jakafi Incyte X XX 

Upadacitinib Abbvie XX 

Filgotinib Gilead XX 

BMS-986165 Bristol XX 

PF-04965842 Pfizer XX X 

PF-06651600 Pfizer XX 

PF-06700841 Pfizer XX XX 

CTP-543 Concert XX XX 

ATI-502 Aclaris XX X 
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JAK family members have a very high 
sequence homology … e.g., check out the 
blue (JAK3) vs magenta lines (JAK2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Very subtle amino acid differences across JAK family in regions where various JAK inhibitors 
bind 
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If we look at chemical structures of most  
JAK inhibitors of interest, they all share one 
common theme:  pyrrolo(2,3-d)pyrimidine 
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Upadacitinib 
Tofacitinib Baricitinib Ruxolitinib 

PF-04965842 
(JAK1) PF-06651600 

(JAK3) 
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… except Gilead’s filgotinib & fedratinib 
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Upadacitinib 
Tofacitinib Baricitinib Ruxolitinib 

PF-04965842 
(JAK1) PF-06651600 

(JAK3) 

Gilead 
filgotinib >> 
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Significance of pyrrolo(2,3-d)pyrimidine 

 Hinge binding is through a 2-pronged interaction between pyrole NH and 
pyrimidine N1 
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Here’s the hinge binding for pyrole NH and 
pyrimidine N1 in play: 
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Thinking through safety risk on various JAKs: 

JAK-STAT biology & 
role of JAK2 in 

platelet increases 
(DVT risk) 

Comparing 
chemical structures 

of various JAK 
inhibitors 

IC50s for JAK 
inhibitors + assay 

types 
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Let’s start by looking at JAK1 vs JAK2 vs JAK3 
on a kinase map: 
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Perhaps this JMC image makes the point in a 
more direct way: look at the high sequence 
homology among JAK family members in the 
ATP binding domain 
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We’ve often seen JAK inhibitors get 
characterized as JAK1 or JAK2 … and 
sometimes, the description keeps changing 

 PFE’s 2009 slides 
called Xeljanz a JAK3 
inhibitor 
 

 PFE’s 2011 ACR slides 
and AdCom slides 
called it a JAK1 and 
JAK3 inhibitor 
 
 
 

 More recent literature 
calls it a pan-JAK 
inhibitor 
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The reason JAK selectivity information varies 
is because of assay type being used 

 

 

 I don’t intend to bore you here, but I do wanna make an impt point 

 

 E.g., look at this description of baricitinib & JAK3 in FDA review: 
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101 on cell based assays vs enzyme assays 

 JAK always act in concert - except JAK2 (homodimer) … and as a 
result, enzyme to cell assay data is v hard in silo  

 Thus, Enzyme assays don’t tell the whole picture 
− Specific kinase domains are cloned, expressed in certain cells and 

the JAK kinase assays use a fluorescence assay with peptide 
substrate … and IC50 is simply the concentration required for 50% 
inhibition of fluorescent signal 

 

 

 Cell based assays: analyzes the full kinase 
− from structure of JAK kinases (which are large proteins) 

− it only involves catalytic kinase domains 

− in this assay, you interrogate all 7 domains of the protein  

 

− However, to be clear, there are no cell based assays purely driven 
by JAK1 or JAK3 … in cells, all receptors utilize 2 different kinases - 
either JAK1/2 or JAK1/3, or Tyk2  
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Enzyme assays 

Cell based 
assays 
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This paper has a very helpful analysis of JAK 
selectivity by enzyme vs human whole blood 
assay: 
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