
 

Potential melanoma target bypasses
therapeutic resistance to immune
checkpoint blockers
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Constitutive activation of JAK1/2 in IFN?R1KO melanoma
cells. a Identification of a JAK1/2-centric network of
activated protein tyrosine kinases in IFN?R1KO cells by
kinomic analysis. Input nodes (kinases) with large blue
circles around them and smaller red circles on the top
right corner indicate increased activity in IFN?R1KO cells.
Arrowheads denote the direction of interaction and
colors of the lines indicate the type of interaction (yellow:
positive; red: negative; gray: context-dependent). b
Scrambled and IFN?R1KO cells were cultured under
normoxic (21% O2) or tumor microenvironment-
mimicking hypoxic (1% O2) culture conditions, followed
by Western blot (WB) analyses of p-JAK1/2 and total-
JAK1/2. c p-STAT3 and total-STAT3 in scrambled and
IFN?R1KO cells by WB. d, e Scrambled and IFN?R1KO

cells were transduced with control lentiviruses (Ctrl) or
lentiviruses encoding mouse IFN?R1 for re-expression
(IFN?R1R). Successfully transduced cells were analyzed
for IFN?R1 expression by flow cytometry (FACS strategy
1) (d) and p-JAK1/2 by WB (e). ?-actin was used as a
loading control in WB. Experiments were repeated twice
with similar results in b, c, and e. Credit: Nature
Communications (2022). DOI:
10.1038/s41467-022-32754-7

Over the last decade, immune checkpoint blockers,
or ICBs, have revolutionized treatment for various
advanced cancers, including melanoma, the most

aggressive skin cancer that was considered largely
incurable not long ago. However, three-fourths of
advanced-melanoma patients are resistant to ICBs.

Now, in a report published in Nature
Communications, researchers reveal a potential
target—using the clinically approved drug ruxolitinib
—to suppress ICB-resistant melanomas.

"Since ruxolitinib is clinically approved and being
tested in patients with advanced solid tumors, non-
small-cell lung cancer and triple-negative breast
cancer, our study justifies further testing of
ruxolitinib in patients with advanced melanoma that
are resistant to ICBs," said Lewis Zhichang Shi,
M.D., Ph.D., an associate professor in the
University of Alabama at Birmingham Department
of Radiation Oncology.

Shi notes that ruxolitinib will likely need to be
combined with other therapeutic modalities to
achieve a long-term cure. 

For half a dozen years, it was known that tumor
loss of interferon-gamma signaling was a major
mechanism of resistance against two ICB drugs,
anti-CTLA-4 and anti-PD-1. However, ways to
overcome this resistance remained elusive.

This loss of interferon-gamma signaling in human
melanomas is caused by dysregulation of genes in
the interferon-gamma signaling pathway. However,
in mouse models the knockdown mutations failed to
show how a loss of interferon-gamma signaling in
tumor cells modulated the activity of tumor-
infiltrating T cells, or TILs, because those models
still contain some interferon-gamma signaling. TIL 
immune cells are vital for cancer control because
they are able to detect and destroy tumors.
However, in a countermove, cancers learn to evade
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this destruction by upping immune checkpoint
proteins on the surface of their cells, and these
surface proteins send an "off" signal to TILs. 

So researchers led by Shi and UAB Department of
Radiation Oncology Chair James A. Bonner, M.D.,
created a cleaner mouse melanoma model by
knocking out the receptor gene for interferon-
gamma signaling. They used this improved
knockout model—called IFN?R1KO—to probe the
mechanisms of ICB resistance and how the
IFN?R1KO melanomas alter the response of TILs
to ICBs.

Compared to non-knockout melanomas, the mouse
IFN?R1KO melanomas showed reduced infiltration
of TILs such as CD8 killer T cells, and the TILs had
reduced immune activity against the tumors. This
revealed that normal interferon-gamma signaling in
the melanoma plays an important role in shaping
TILs. To corroborate these preclinical findings, the
researchers, in collaboration with Zechen Chong,
Ph.D., an assistant professor in the UAB
Department of Genetics and Informatics Institute,
also did bioinformatics analysis of human
melanoma data from The Cancer Genome Atlas.
They found that melanomas with attenuated
interferon-gamma signaling also had decreased
expression of T cell signature genes, indicating
reduced T cell infiltration and function.

Mechanistically, the IFN?R1KO mouse melanomas
had a network of continuously active protein
tyrosine kinases that centered on activated JAK1/2
kinases, and this intracellular signaling pathway
was mediated by activated mTOR signaling.

Ruxolitinib is an inhibitor of JAK1/2. The
researchers found that ruxolitinib suppressed the
cancerous growth of IFN?R1KO melanomas, but
not control melanomas. Experimental depletion of T
cells or host tumor necrosis factor signaling
completely abrogated ruxolitinib efficacy, leading
researchers to conclude that ruxolitinib suppression
of the IFN?R1KO melanomas depends on T cells
and the host cytokine tumor necrosis factor.
Researchers also found that ruxolitinib mediates its
therapeutic effect by reprogramming the TILs, not
through direct killing of tumor cells.

Shi and Bonner say they now are actively soliciting
clinical interest in exploring JAK1/2 inhibition as a
strategy to bypass ICB resistance in melanoma
patients, a pressing unmet medical need.

Co-first authors of the study, "Selective suppression
of melanoma lacking IFN-? pathway by JAK
inhibition depends on T cells and host TNF
signaling," are Hongxing Shen, a postdoctoral
scholar in the Shi lab, and Fengyuan Huang, a
Ph.D. student in the Chong group. 

  More information: Hongxing Shen et al,
Selective suppression of melanoma lacking IFN-?
pathway by JAK inhibition depends on T cells and
host TNF signaling, Nature Communications
(2022). DOI: 10.1038/s41467-022-32754-7
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