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1. Test cell toxicity of ISR activators and inhibitors on telomerase-immortalized
human corneal epithelial cell line (hTCEpi)
2. Test dose and time-dependent ISR activation on retrovirally transduced ATF
mScarlet reporter hTCepi cell line
3. Test ISR activation and cytokine production on hTCEpi and phLEpi
4. Test ISR activation and its effect on hTCEpi and phLEpi wound healing by scratch
assay
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ABSTRACT

Purpose: To summarize the Integrated Stress Response (ISR) in the context of ophthalmology, with

special interest on the cornea and

Results: The ISR is a powerful and conserved signaling pathway that allows for cells to respond to
a diverse array of both intracellular and extracellular stressors. The pathway is classically responsible for
coordination of the cellular response to amino acid starvation, ultraviolet light, heme dysregulation, viral

anterior segment.
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infection, and unfolded protein. Under normal circumstances, it is considered pro-survival and a necessary
mechanism through which protein translation is controlled. However, in cases of severe or prolonged
stress the pathway can promote apoptosis, and loss of normal cellular phenotype. The activation of this
pathway culminates in the global inhibition of cap-dependent protein translation and the canonical

expression of the activating transc|

ription factor 4 (ATF4).

Conclusion:The eye is uniquely exposed to ISR responsive stressors due to its environmental exposure
and relative isolation from the circulatory system which are necessary for its function. We will discuss how
this pathway is critical for the proper function of the tissue, its role in development, as well as how
targeting of the pathway could alleviate key aspects of diverse ophthalmic diseases.
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Previous investigations have shown activation of Integrated Stress
Response (ISR) generally suppress the protein synthesis, a process
necessary for corneal epithelia to migrate and cover the wound.!
This study aimed to dissect the ISR pathways and their
pathophysiological roles in corneal epithelial wound healing.

1SR is a powerful signaling network which allows cells to respond to
external and internal stressors. The activation of ISR is carried out
by signaling from four kinases that are responsive to: amino acid
and glucose deprivation (GCN2), heme deficiency (HRI), viral
infection (PKR), and accumulation of unfolded protein in the
endoplasmic reticulum (PERK). The following phosphorylation of
elF2a causes a decrease in Cap-dependent mRNA translation of
ATF4 and if severe, cell death.
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Methods
1SR agonists; tunicamycin (Tun), sodium arsenite (Ars), SALOO3 (SAL),

HF), pol acid (Poly (:C)), and
CCT020312 (CCT) were tested in vitro on telomerase-immortalized
human corneal epithelial cell line (hTCEpi) and primary cultivated
human limbal epithelial cells (phLEpi) to induce specific arms of ISR
signaling. Cell toxicity was monitored with alamar blue/reazurin
reduction assay (#R7017; Sigma-Aldrich Corp). Dose dependent ISR
activation was observed with a retrovirally transduced ATF4
mScarlet reporter hTCEpi cell line and the Cellomics ArrayScan VTI
HCS Reader. IL-6 production was monitored with ELISA. Protein
synthesis were tested by nonradioactive fluorescence-activated,
surface sensing of translation (SUNSET)-western blot. Wound
healing dynamics were observed using scratch assays. Experiments
were carried out in triplicate with four independent biological
repeats.
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Dissecting the Integrated Stress Response in

Corneal Epithelial Wound Healing
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Figure 1 - Growth inhibition curves of ISR agonists and their IC;, on hTCER. hTCEpi were seeded at a
density of 5x10/cm? and treated with ISR agonists at a range of concentrations. The alamar
blue/resazurin reduction assay was used to quantify cell numbers at baseline and 48 h after
treatments. Growth ICs, was calculated by non-linear regression, n=6.
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Figure 2 — ATF4 mScarlet reporter hTCEpi cell line and its response rate after ISR stimulation. A)
Retrovirally delivered ATF4 mScarlet cassette. B) In vitro, ATF4 mScarlet reporter cells have shown
increased ATF4 expression at wound margin 16h after wounding. The ATF4 expression increased while
hTCEpi cultivated in SAL (2.5uM). C) The ATF4 response ratio of hTCEpi has shown positive dose-
response with Tun, SAL, CCT, and HF. And ATF4 was activated only when hTCEpi were treated with Poly
(1:C) and Ars at the highest concentration (four times the ICs).

Figure 3 ISR activation and IL'6

wTCER B) g i
A d - expression in hTCEpi and phLEpi.
- hTCEpi and phLEpi were cultivated until
Pl i el

agonists at ICs,for 24 A) Poly (K:C) and
HE induce IL-6 expression in hTCEpi. B)
The hpLEpi has relatively inconsistent
- response to ISR agonists.
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HnSETD
InTegai) Figure 4-SAL treatment decreased
protein synthesis in hTCEpi. SUNSET-W8
were performed after the hCEpi were
treated with ISR agonist (SAL) and
antagonist (ISRIB) for 6 h. SAL decreased
0% protein expression in_ TCEpi.
Simultaneous co-treatment with ISRIB
(12:5nM) could not reverse the SAL effect
onits inhibition of protein synthesis.
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Figure 5 —ISR activation and
comeal epithelial  wound
healing. hTCEpi and phLEpi
were cultivated  until
confluency and treated with
ISR agonists at ICsyfor 6 hours
before wounding. A) Tun, SAL,
ccT, poly (10, and Ars
significantly  slow  down
hTCEpi wound healing (N=4).
8)Tun and SALat ICsgslow the
phLEpi wound healing (N=8).
Representative photos  of
hTCEpi C) and phLEpi D) at 16
h after wounding, Dashed line
denotes wound edge.

TCE (164),

Wound Ares (%)

PhLER (16H)

™
o
“HEm

SEPE O
&

Conclusgn——————

We have demonstrated that ISR activation, increased ATF4 expression and is
broadly deleterious to corneal epithelial wound healing. However, there are
significant differences in cellular response based on which upstream arm of the ISR
is activated. Poly (1:C) and HF induce IL-6 expression but do not affect wound
healing in corneal epithelium. Instead, Tun and SAL showed significant inhibitory
effects on both hTCEpi and phLEpi wound healing through pathways irrelevant to
L6 production. Further studies to investigate the non-canonical signaling which
underlies the response and correlation with ophthalmic diseases such as

keratoconus and corneal wound healing are underway.
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