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Methods

• Cell culture: T98G, U87, U118, and SNB19 human glioma cell lines 
were cultured in a medium of 10% fetal bovine serum in DMEM 
(GIBCO) at 37°C with 5% CO2 at constant humidity.

• Immunoprecipitation and immunoblotting: TROY-JAK1 co-
immunoprecipitation was performed per protocol6 as previously 
described, utilizing protein A/G sepharose beads. Immunoblotting was 
also performed per protocol as previously described7. Monoclonal 
anti-JAK1, anti-HA and polyclonal anti-JAK-P, anti-STAT3-P antibodies 
were purchased from Cell Signaling Technologies. Proteins were 
detected by chemiluminescence and developed and exposed using 
the UVP BioSpectrum 500 imaging system. 

• Small interfering RNA (siRNA) transfection: siRNA
oligonucleotides specific to JAK1 were purchased from Qiagen and 
transfected at a concentration of 50 nM using Lipofectamine 2000 
(Invitrogen). Transfection was confirmed by western blotting for JAK1.

• Migration assay: Teflon-coated 10-well microscope slides were 
coated with laminin and 4500 parental and TROY-overexpressing
T98G cells were pipetted into wells through a custom manifold. Slides 
were incubated overnight with DMEM and images were taken at the 0 
and 24-hour time points. Image analysis was performed in Scion 
Image with a custom macro utilizing a circular ring to approximate the 
radius of migration (Figure 1). 

Abstract

Glioblastoma multiforme (GBM), the most common and 
lethal primary brain neoplasm in adults, has been historically 
difficult to treat despite substantial research. Its invasion into 
contiguous brain tissue mitigates the benefit of surgical 
resection, while its ability to evade apoptosis and selectively 
induce proliferation promotes substantial chemotherapeutic 
resistance. The orphan transmembrane receptor, TROY, 
has been shown to influence glioma cell migration and 
survival. While TROY downstream signaling presents a 
potential therapeutic target, the detailed pathway has yet to 
be fully elucidated. 

We identified the non-receptor tyrosine kinase, JAK1,as 
a candidate TROY binding partner and hypothesized that 
JAK1 is a downstream mediator of TROY-induced glioma
invasion, ultimately seeking to validate the therapeutic 
potential of this interaction.  JAK1  was confirmed as a 
TROY binding partner  by co-immunoprecipitation and 
TROY overexpression induced JAK1 phosphorylation. 
siRNA-mediated depletion of JAK1 decreased 
phosphorylated STAT3 levels. Finally, a radial migration 
assay performed on wild-type and TROY-overexpressing
T98G cells with and without JAK1 depletion demonstrated 
statistically significant reductions in migration rate in both 
JAK1-depleted groups compared to controls. 

Thus, JAK1 provides a potential novel therapeutic target 
for disruption of glioblastoma TROY signaling in vivo and 
may contribute to the development of more efficacious 
chemotherapeutic agents. 

Conclusions

We expanded knowledge of the TROY-JAK1 
relationship and linked a growing body of literature on 
the critical contributions of JAK/STAT signaling in 
GBM to emerging data on the prognostic and 
therapeutic potential of TROY. These results, while 
preliminary, implicate TROY-JAK1 signaling as a 
potential driver of GBM invasion and poor survival 
and provide a theoretical model for investigating 
emerging anti-JAK/STAT targeted therapies in TROY-
overexpressing high-grade gliomas. Further 
investigation of upstream and downstream TROY 
signaling is imperative for placing these findings in 
context and will serve to bolster future efforts to utilize 
TROY signaling as a therapeutic model.

Results

• TROY-JAK1 binding was confirmed by JAK1 
immunoprecipitation. Figure 3 demonstrates a region of increased 
signal corresponding to HA protein identification in HA-tagged 
TROY-overexpressing T98G cells. 

• TROY overexpression in T98G cells also increased JAK1 
phosphorylation levels with preserved total JAK1 levels (Figure 3).

•Endogenous JAK1 levels were determined by western blotting 
(Figure 2). siRNA-mediated JAK1 depletion was successful, and 
was accompanied by a decrease in STAT3 phosphorylation and a 
statistically significant decrease in migration rate between TROY-
overexpressing and wild type T98G cells in the in-vitro radial 
migration assay (Figure 4) 
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Introduction

•GBM is the most common and lethal form of  primary 
adult brain neoplasm1. Median survival is only 12-15 
months despite surgical resection, chemotherapy, and 
radiation therapy. Current targeted molecular 
therapies display a 0-15% response rate and are 
generally anti-proliferative, not anti-invasive2. 

•TROY (TNFRSF19) is an orphan member of the 
tumor necrosis factor (TNF) receptor superfamily
whose expression has been shown to correlate with 
increasing glioma grade and decreased patient 
survival via an unknown mechanism3,4.

•The non-receptor tyrosine kinase Janus kinase 1 
(JAK1) and its transcription factor, Signal transducer 
and activator of transcription 3 (STAT3), are activated 
by a wide array of cytokines, growth factors, and 
oncogenic proteins (e.g. EGF, VEGF, PDGF, Src, and 
Ras). Anomalous overexpression of these proteins 
has been demonstrated in brain tumors5.

Figure 1: Sample images from glioma migration 
assay

Figure 2: Varying endogenous JAK1 levels.
T98G, SNB19, U87, and U118 glioma cell lysates
western blotted for JAK1 show varying 
endogenous levels. α-tubulin as loading control. 

Figure 4: siRNA-mediated JAK1 depletion leads to 
reduced phosphorylation of STAT3 and suppresses 
TROY-induced glioma cell migration. (A) Western blot 
of total JAK1, phosphorylated and total STAT3 in wild 
type and siRNA JAK1-depleted T98G cells. (B) Bar graph 
illustrating migration rate for wild type and TROY-
overexpressing T98G cells with and without siRNA-
mediated JAK1 depletion. Y-axis represents migration 
rate in µm/hr. Western blot for HA epitope to confirm 
TROY overexpression and JAK1 to confirm siRNA-
mediated depletion. (*, P<0.01)
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Future Directions
• Validation of TROY-JAK1 binding relationship and 
JAK1 depletion-associated decreases in STAT3 
phosphorylation and migration rate in additional 
glioma cell lines

• Exploration of TROY activation, additional TROY 
downstream signaling mechanisms (e.g. 
Pyk2/Rac1) and how they interface with JAK/STAT 
pathway

• Attempting to achieve pharmacologic JAK1 
inhibition in TROY-overexpressing glioma cells and 
determining potential for therapeutic application

Figure 3: TROY binds with and acts via 
phosphorylation of JAK1. (A) Western blot for 
hemagluttinin (HA) in JAK1 immunoprecipitate of 
wild type T98G cells and T98G cells transduced
with lentiviral vector encoding HA-epitope tagged 
TROY. (B) Western blot for phosphorylated and 
total JAK1 levels in wild type and TROY-
overexpressing T98G cells. 
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