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We found that STAT1 phosphorylation status affects its DNA-binding specificity and transcriptional
outcome. We hope that our future studies will assist in the development of more effective
therapeutic or diagnostic strategies targeting STAT1 in infection and inflammation contexts.

Signal transducer and activator of transcription 1 (STAT1) regulates a
wide-range of biological processes. Janus kinase (JAK)-mediated Tyr701 phosphorylation of STAT1
plays a key role in mediating interferons (IFN) signaling and antiviral response. Following binding
to 1ts ligand, the cell surface toll-like receptor (TLR) 4 is endocytosed and drives the production
of IFN. Our work unveiled an alternative signaling pathway activated by endocytosed TLR4 in
macrophages that contributed to the production of the proinflammatory cytokines IL-6 and IL-12p40

independently of IFN. Endocytosis of TLR4 led to noncanonical Thr749 phosphorylation, which confers
STAT1 with distinct DNA binding and proinflammatory gene-regulatory properties. Our findings

revolutionize the current JAK-STATs paradigm and adds a dynamic dimension to the current working
framework of STAT1, which may apply to other STAT family proteins.
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1. LY OTR

Signal transducer and activator of transcription 1 (STAT1) regulates a wide range of biological processes, such as
immune modulatory activities, cell proliferation and cell death. For more than three decades, the canonical STAT1
working paradigm has comprised Janus kinase (JAK)-mediated Tyr’’! phosphorylation of STAT1 followed by STAT1
dimerization and its translocation to the nucleus, where it binds to the canonical gamma interferon (IFN) activation
site or IFN-stimulated response element DNA sequences and promotes an antiviral response. However, Tyr’"!
phosphorylation cannot explain the full spectrum of STAT]1 activities, particularly in the context of bacterial infections
and inflammation. Toll-like receptor 4 (TLR4) is the mammalian receptor for bacterial lipopolysaccharide (LPS),
which is major component of the outer membrane of Gram-negative bacteria. While endocytosis of LPS-bound TLR4
is essential for IFN-B production, the IFN-B—JAK-STAT1-Tyr’*! phosphorylation signaling pathway is unlikely to
contribute to proinflammatory cytokine production as shown by deficiencies of IFN-f3, IFNAR, or TYK2 did not affect
the production of proinflammatory cytokines, such as IL-6, in response to bacterial infections.

2. Lo H®

(1) Identify how TLR4 endocytosis promotes proinflammatory cytokines production

(2) Identify the possible role of STAT1 downstream TLR4 endocytosis independent of it Tyr701 phosphorylation

3. WHRDIE
(1) Using human primary macrophages from healthy donors and other cell lines to investigate TLR4 signaling.
(2) Using chemical and genetic methodology to alter different molecules downstream of TLR4 signaling

(3) Generating different vectors expressing different mutations of target molecules involved in TLR4 signaling
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(1) LPS-Induced TLR4 endocytosis promotes 6
ARIDSA, IL-6 and IL-12p40 expression: We found -
that TLR4 endocytosis promotes the expression of
proinflammatory molecules such as ARIDSA, IL-6 and
IL-12p40. Chemical inhibition of TLR4 endocytosis s 0 3
using MitMAB diminished the expression of these

Fold change

Fold change
(x100)

=

0 3 ()

. Fig. 1: LPS-Induced TLR4 endocytosis promotes
molecules (Fig. ). ARID5A, IL-6 and IL-12p40 expression.

(2) ARIDS5A stabilizes IL6 mRNA, but not IL12B

mRNA, through binding to its 3° UTR: post-

transcriptional regulator (ARID5A) binds to and stabilizes /L6 mRNA downstream of TLR4 endocytosis. In contrast,
TLR4 endocytosis promotes IL-12p40 expression through other mechanism independent of ARIDSA.

(3) Non-canonical phosphorylation of STAT1 at Thr’* residue activates ARID5A and ILI2B
transcription: Our findings showed that TLR4 endocytosis—dependent IFN-B—JAK—STAT1-pTyr701 signaling is



dispensable for ARIDSA and IL-12p40 expression. Instead, we unraveled that TLR4 endocytosis induces a non-
canonical phosphorylation at Thr’* residue, which
confers STATI with distinct gene-regulatory
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(4) Thr™ phosphorylation of STAT1 “9®| 71me - - - - - R FFE
facilitates its binding to a non-canonical DNA Flag-STAT1 ‘ — - - ‘ ‘-—‘

motif: Our work revealed that the phosphorylation

of Thr’® did not affect the nuclear translocation of Fig. 2: Thr™ phosphorylation of STATI facilitates
STAT]I. Instead, it facilitated STAT1 binding to the its binding to a non-canonical DNA motif
ARID5A4 and ILI12B promoters containing the 5’-

TTTGAGGC-3’ or 5’-TTTGAGTC-3’ sequences, respectively (Fig. 2).

(5) A non-canonical TBK1/IKKB heterodimer mediates pThr”* HAIKKE +

STAT1 downstream of TLR4 endocytosis: We showed that LPS- HA-IKKB (K444) -
induced TLR4 endocytosis promotes the formation of a non-canonical IKK- Fla’;asqriﬁ??ﬂ)] ’ .
TBK1 kinase complex, where IKKP kinase domain conducts the oThr [ ]
phosphorylation of STAT1 at Thr’*°. Non-phosphomimic mutation of STAT1 & | Flag-STAT! [e—_|
(T749A) or kinase defective IKKf mutation (K44A) abolished STAT1 Thr & HAIKKE [ame——

phosphorylation (Fig. 3).
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. ) Fig. 3: A non-canonical
(6) Conclusion: For more than three decades, the canonical STATI TBKI1/IKKB heterodimer

working paradigm has comprised JAK-activated pTyr’’!, followed by STAT1 mediates pThr’® STAT1
dimerization and its translocation to the nucleus, where it promotes an

antiviral response. Our study provides a plausible answer for how STAT1

function expands beyond that of JAK-pTyr’®. Unraveling pThr’* and its distinct DNA-binding motif (5'-
TTTGANNC-3') provides a potential mechanistic explanation for the longstanding question of how TLR4 signaling
from endosomes promotes proinflammatory cytokines production independent of NF-kB activation and IFN signaling.
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Collectively, our work revolutionizes the present working paradigm of STATI1 and highlights the importance of
differential phosphorylation of STAT1 on its DNA binding specificity and transcriptional outcome.
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STAT1 displays functionally distinct phosphorylation upon LPS stimulation.
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