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Abstract

CD47 is expressed in all human cancer cells, including head and neck cancer,
and Initiates a signaling cascade to inhibit macrophage phagocytosis.
However, the mechanism underlying CDA47 overexpression has not been
elucidated in radioresistant head and neck cancer. The present study
demonstrated that decreased Tristetraprolin (TTP) expression induced a
sustained overexpression of CD47 using reverse transcription quantitative
PCR and western blotting, and that CD47 overexpression prevented
phagocytosis using a phagocytosis assay in a radioresistant HN31R cell line.
Subsequently, using TTP transfection, RNA interference, duel luciferase
assay and EMSA, it was revealed that TTP transfection enhanced
phagocytosis through degradation of CD47 mRNA by directly binding to CD47
AREs within the CD47 3'UTR. Based on our previous study,
methyla tion specific PCR and western blotting revealed that DNMT1 was
overexpressed in radioresistant HN31R cell line and TTP expression was
decreased epigenetically by DMNT1 associ ated DNA methylation. Overall,
these findings provided novel insight into the role of TTP as a biomarker of

CD47 positive head and neck cancer patients.

Key words : head and neck cancer, radioresistance, CD47, phagocytosis,
tristetraprolin, post transcriptional modification, AU rich

elements, DNA methyltransferase
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Introduction

Radioresistance has important role in local recurrence and distant metastases
of head and neck cancer (HNC). Radiation-induced cytokines in the tumor
and its microen—-vironment collectively contribute to the tumor response to
radiation (1-3). CD47 is expressed on the surface of human cancer cells
including head and neck cancer and has been implicated in various
pathophysiologic  processes including tumor cell apoptosis, survival,
proliferation, migration, adhe-sion, and metastasis. Cancer cells expressing
CD47, which evade the innate immune system initiates a signaling cascade to
inhibit macrophage phagocytosis (4-6). Previously, CD47 has been regarded as
an attractive radio—therapeutic target because blocking CD47 signal can
increase to radiation response with protection of normal tissues (7).
Furthermore, CD47 is frequently overexpressed in HNC and radiation causes
a decrease of CD47 expression in a dose dependent manner (3). However,
the mechanism of CD47 overexpression has not been elucidated in
radioresistant HNC.

The RNA-binding protein, Tristetraprolin (TTP), is encoded by the ZFG36
gene and 1s one of the most well-char-acterized AU-rich element
(ARE)-binding proteins within the 3'UTR. It enhances decay of
ARE-containing transcripts and plays an important role in various processes
including cellular differentiation, proliferation, tumorigenesis, and Immunity
(8-12). Because of its ability to bind and target ARE-containing mRNAs for
rapid degradation, numerous studies have shown that TTP exhibits as
tumor-suppressor. Thus, loss of TTP expression or function is closely
associ—ated with tumor progression or poor outcome in malignant tumors
(13,14). It was known that some tumor-associated genes with ARE sequences
can be subject to TTP-mediated mRNA degradation. The data indicate that

target mRNAs of TTP are mainly oncogenes in tumorigenesis (12).

Previously, it was reported that a regulatory pathway for the IL-23, IL-27,
and IL-33 cytokines by TTP could be important role in regulation of
antitumor immunity (15-17). However, there are no convincing reports that
identify the molecular mechanism for the regulation of CD47 by TTP in

cancer cells exhibiting radioresistance. In the present study, we demon-strate



that decreased TTP expression induced sustained CD47 overexpression and
prevented phagocytosis in radioresistant HNC cells. Thus, TTP transfection
can enhance phagocytosis through its derogation activity by directly binding
to CD47 AREs within the CD47 3'UTR in radioresistant HNC cells. Based on
our previous study in which DNMT1 was overex-pressed in radioresistant
HNC (18), we found that DNMT1 regulated TTP expression by DNA

methylation, epigenetically.



Materials and Methods

1. Cell culture.

We used HN31 cells provided by Dr Jeffrey N. Myers (University of Texas,
MD Anderson Cancer Center). The HNC were cultured in Dulbecco’s
modified Eagle’s medium (Invitrogen; Thermo Fisher Scientific, Inc.) with
10% fetal bovine serum (Invitrogen) and 100 ug/ml of penicillin/streptomycin
and incubated at 37°C and 5% COZ2Z. HNC cells were cultured to 50%
confluence in vented 75 cmZculture flasks. An isogenic model of successively
irradiated HN31R cells was established as our protocols designed to

investigate radioresistance (19).

2. In vitro phagocytosis assay.

Macrophages (1x10°) were seeded into glass bottom cell culture dishes
(NEST Biotechnology, 801002). HN31 or HN3IR cells were labeled with
CFDA SE according to the manufacturer’s protocol. Before the adding 2x10°
of CFDA SE-labeled tumor cells, macrophages were incubated in serum free
medium for 2h. Macrophages were repeatedly washed and subsequently
images were captured using a confocal microscope. The phagocytic index was

estimated as the number of phagocytosed CFSE+ cells per 100 macrophages.

3. Quantitative real-time PCR (qRT-PCR) analysis for RNA kinetics.

For RNA Kkinetic analysis, actinomycin D was used and CD47 mRNA
expression assessed by quantitative PCR. Total RNA was isolated with the
PureLink™ RNA Mini Kit (Thermo Fisher Scientific, Inc.) and cDNA
synthesized with a first strand c¢DNA synthesis kit by reverse
transcription-PCR (iNtRON Biotechnology). We used SYBR®-Green master
mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) for gqRT-PCR using
a PRISM®-7500 sequence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). All reac—tions were performed in triplicate in 96-well

plates and the mean values used to estimate mRNA expression.



The primer sequences were as follows:

CD47 forward, 5'-TATCCTCGCTGTGGTTGGACTG-3’
and reverse, 5'-"TAGTCCAAGTAATTGTGCTAGAGC-3';
TTP forward, 5'-CGCTACAAGACTGAGCTAT-3’

and reverse, 5'-GAGGTAGAACTTGTGACAGA-3';
GAPDH forward, 5'-ACATCAAGAAGGTGGTGAAG-3’
and reverse, b'-CTGTTGCTGTAGCCAAATTC-3'.

4. Transfection of TTP.

TTP overexpressing HN3IR cells were generated using the pcDNA6/V5
vector (Invitrogen, Thermo Fisher Scientific, Inc.). We cloned the full-length
human cDNA of TTP using RT-PCR from the RNA of HN31 cells with
forward primer 5 -CCGTGAATTCATGGATCTGACTGCCAT-3" and reverse
primer 5 -CACTCTCGAGCTCAGAAACAGAGATGC-3'. The product was
subcloned into the pcDNA6/V5 vector. Approximately 15x107 cells were
electro-porated using 20 ug of pcDNA6/V5-TTP at 500V, 975IF using a Gene
Pulser electroporator II  (Bio Rad). After transfection, transfected
HN31R/pcDNA6/V5-TTP cells with human TTP were selected with 10 ug of
Blasticidin/ml (Invitrogen; Thermo Fisher Scientific, Inc.) at 3 days after
transfection. Stable TTP overexpression was tested by western blots using
anti-human TTP polyclonal antibody (ab33058; Abcam). A control cell line,
HN31R/pcDNA6/V5, was made by transfection with the pcDNA6/V5 vector.

5. RNA interference.

HN31 cells were pated into 6-well plates (3x10° cells per ml) 24 h before
transfection. HN31 cells was transfected with 45 nM of TTP-siRNA
(sc-36760; Santa Cruz Biotechnology, Inc.), 50 nM of CD47 siRNA (h)
(s¢c-35006), 30 nM of EphA3 siRNA (sc-39934; Santa Cruz Biotechnology,
Inc.) or control siRNA-A (sc-37007; Santa Cruz Biotechnology, Inc.) with
Lipofectamine™ RNAIiMAX (Invitrogen; Thermo Fisher Scientific, Inc.). The
cells were grown for 24 h before western blotting analysis. TTP expression

was evaluated at 3, 7 days and every experiment.



6. Dual luciferase assay.

Analysis of human CD47 3'UTR revealed the presence of thirteen AREs
(http://rna.tbi.univie.ac.at/AREsite2/welcome). A various deletion mutant of the
CD47 3'-UTR were PCR-amplified from the cDNA of HN3IR cells by PCR
using the following primer sets:

CD47 Frag-ARE-1-7, CCGCTCGAGACGTGATTGTTAGTT

and ATTTGCGGCCGCCTGATTTAAAGAGA;

CD47 Frag-ARE-8-13, CCGCTCGAGCAAATTCCATCACAT

and ATTTGCGGCCGCACAATCATTTCTCCG;

CD47 Frag-ARE-10-13, CCGCTCGAGGCTTAGTTCTATTAG

and ATTTGCGGCCGCACAATCATTTCTCGC;

CD47 Frag-ARE-8-13 (No9 mut AUUUA-AGCA),
GACTCTTCCATTCAGTTTTAGCATTGTGTGTTCTCACAGTGACAC

and GTGTCACTGTGAGAACACACAATGCTAAAACTGAATGGAAGAGTC.

The PCR products were inserted into the Xhol/Notl sites a psiCHECK2
Renilla/firefly Dual-Luciferase expression vector (Promega). luciferase assays,
HN31R cells were co-transfected with thepsiCHECK-CD47 3'-UTR constructs
and pcDNA6/V5-TTP with the TurboFect™ Transfected cells were collected
at 24 h for RNA extraction and at 48 h for measurement of luciferase
activity using Wallac Victor 1420 multilabel counter (EG&G Wallac). Firefly
luciferase activity of psiCHECK2/CD47 3'UTR was normalized to Renilla
lucif-erase for each sample and Luciferase assays represent at least three

independent experiments.

7. Electrophoretic mobility shift assay (EMSA).

The  biotinylated @ RNA  probes for  wild-type (wtCD47 EMSA,
5'-UUGACUCUUCCAUUCAGUUUUAUUUAUUGUGUGUUCUCACAGUGACA
CCAUU-3) and mutant (mutCD47-EMSA,
5'UUGACUCUUCCAUUCAGUUUUAGCAUUGUGUGUUCUCACAGUGACACC
AUU-3’) were synthesized by BIONEER Co. (Daejeon, Korea). RNA EMSA
was performed with Lightshift®Chemoluminescent EMSA Kit (Pierce) as

previously described protocols (20).



8. Western blot analysis.

Total protein was extracted with RIPA buffer (Thermo Fisher Scientific,
Inc.). Protein concentra tions were calculated using the Bradford assay kit
(Bio Rad Laboratories). Equal amounts of protein were separated by
SDS-PAGE and transferred to nitrocellulose membranes (Amershan
International). Membranes were incubated with primary antibodies to
Tristetraprolin (ab33058; Abcam), CD47 (ab175388; Abcam), DNMT1 (#5032,
Cell Signaling Technology), EphA3 (sc-920; Cell Signaling Technology),
phospho-AKT Serd473 (#4060; Cell Signaling Technology) and B-actin
(sc—47778; Sigma-Aldrich; Merck KGaA). Membranes were then incubated
with secondary antibodies (anti-mouse or anti-rabbit IgG HRP conjugate;
Bethyl Laboratories), and specific binding was detected with a SuperSignal
West Pico Trial kit (Thermo Fisher Scientific, Inc.) according to the
manufacturer’s instructions (Cayman Chemical). Western blotting analysis
was performed at least three times, and repre-sentative figures are presented.
The expression of the protein was quantified as compared to the beta-actin
in the Western blot.

9. Methylation specific PCR (MSP) for TTP.

Genomic DNA (1 ug) was denatured with sodium bisulfite using the EpiTect
Bisulfite kit (Qiagen). This treatment resulted in the conversion of
unmethylated cytosine to thymine, but methylated cytosine remained not
changed. Primer sequences of TTP were as follows: (5’'-to-3):

TTP, ATTGGGTAGGTGTTT thymidine’s TATTTGT (unmethylated sense),
TAGTTTAGGGTTAGTTAGGTTGCGT (methylated sense),
TAACCCTAAACTAATTCCCTTCCA (unmethylated antisense),
AAATATCGACCGAAAATAAAAACG (methylated antisense).

And PCR ampli—-fication was conducted with primers that specifically amplify
methylated or unmethylated DNA using an EpiTect MSP kit (Qiagen). PCR
was performed as following thermal condi-tions: 1 cycle of 95°C for 5 min
and 35 cycle of 94°C for 45 sec, 56°C (Unmethylation) or 57.5°C (Methylation)
for 30 sec, and 72°C for 30 sec, and then one cycle of 72°C for 10 min. Each
amplified product was loaded onto 2% agarose gels, visualized using ethidium

bromide, and images were captured.



10. Statistical analysis.

For statistical comparisons, P-values were determined using unpaired
Student’s t-test or one-way ANOVA. P<0.05 was considered to indicate a

statistically significant difference.



Results

1. CD47 expression and phagocytosis is correlated with TTP
expression in radioresistant HNC cell line.

TTP and CD47 expression levels were first examined by RT-PCR and
western blot analysis in HN31 and HN3IR cells. TTP levels were high in
HN31 cells, but low in the radioresistant HN31R cell line. In contrast, CD47
levels were low in HN31 cells compared with that in the HN31R cell line
(Fig. 1A and 1B). We next determined whether CD47 phagocytosis 1is
mediated by CDA47 expression in HN31 and HN31R cells. In HN31R with
CD47 overexpression, phagocytosis was inhibited compared with that in the
HN31 cell line (Fig. 1C).

2. TTP decreases expression of CD47 mRNA and increases
phagocytosis in radioresistant HNC cell line.

We investigated whether silencing or overexpression of TTP regulates CD47
expression in HN31 and HN3IR cells. TTP silencing by siRNA increased the
levels of CDA47 protein in HN31 cells (Fig. 2A). When TTP was expressed in
HN31R cells by transfection of TTP significantly inhibited the level of CD47
protein (Fig. 2B). To identify the effect on phagocytosis, a phagocytosis
assay was performed following TTP overexpression in HN31R cells. The
results indicated that the CD47 suppression—mediated phagocytosis index

increased significantly after TTP overexpression (Fig. 2C).

3. TTP interacts to ARE 9 in the 3'UTR of CD47 mRNA and
increases CD47 mRNA degradation.

Human CD47 3'UTR has the presence of thirteen AREs (Fig. 3A). To
investigate whether suppression of CD47 expression by TTP was medi—ated
through interaction in the 3'UTR of CD47 mRNA, luciferase reporter gene
linked to the full-length CD47 3'UTR divided into two constructs (Flag AREs
1-7 and Flag AREs 8-13) in the psiCHECK2 plasmid was used. Next, we



investigated which AREs within the CD47 3'UTR were necessary for TTP
activity. A luciferase reporter gene linked to oligonucleotides containing Flag
AREs 1-7 and AREs 8-13 within the CD47 3'UTR were prepared using the
psiCHECK?2 plasmid. Whereas the luciferase activity of Flag AREs 1-7 was
not changed by TTP expression, that of Flag AREs 8-13 was significantly
inhibited (Fig. 3B). We then subdivided Flag AREs 8-13 further to prepare a
Flag AREs 10-13 construct and measured luciferase activity of CD47 by
T'TP. Because the luciferase activity of Flag AREs 10-13 was not affected by
TTP expression, we concluded that TTP binds to ARE 8-9 in the CD47
mRNA 3'UTR (Fig. 3C). Because AREs 8-9 was closely located in CD47,
AREs 8-13 with single mutation in the ARE 9 motif (AUUUA—AGCA) were
used to confirm whether ARE 9 was responsible for the TTP binding (Fig.
4A). A single ARE 9 mutant in CD47 was prevented the TTP inhibitory
effect compared with the full ARE 8-13 construct. Although these results
were determined using overexpressed TTP protein ectopically, the significance
of CD47 ARE 9 for TTP binding was demonstrated. Then, to investigate if
suppres—sion of CD47 by TTP resulted from CD47 mRNA stability, the
half-life of the mRNA was estimated by gRT-PCR. After the transfection
with pcDNA6/V5-TTP (HN31R/TTP) or the pcDNA6/V5 control vector
(HN31R/pcDNA), the half-life of TTP overexpressing CD47/TTP cells was
significantly — shorter compared with control HN3IR/pcDNA cells in
actinomycin D treatment (Fig. 4B). To confirm the association between
endogenous TTP and ARE in the CD47 3'UTR, RNA EMSA was performed
with a biotinylated RNA probe containing a wild-type or mutant ARE9 of
CD47. Cytoplasmic extracts which prepared from TTP transfection HN31R
cells were incubated with the biotinylated RNA. When the wild-type CD47
ARE 9 probe was mixed with the cytoplasmic extracts of TTP transfection
HN3IR cells, we found a dominant probe-protein complex (Fig. 4C). However,
the mutant CD47 ARE 9 probe s could not make the probe—protein complex.
When the reaction mixture was preincubated with anti-TTP antibody, the
formation of the CD47 ARE 9 probe-protein complex was reduced but not
with the control. These results indicate that TTP can combine at the 9th
ARE of CD47 and enhances decay of CD47 mRNA.



4. Sustained TTP suppression and CD47 activation is main tained
through DNA methylation in radioresistant HNC cell lines.

Based on our previous study in which DNMT1 (DNA methyltransferase)
was found to be overexpressed in radiore-sistant HNC (10), we examined the
regulation of TTP by DNA methylation in radioresistant HNC cells. DNMT1
expression was increased significantly in HN3IR cells compared with parent
HN31 cells (Fig. 5A). To determine the DNA meth-ylation of TTP by
DNMTI1 in HN3IR cells, 2 successive days with 5 yM 5-AZAdC (DNA
demethylating agent) was treated to HN3IR cells and the protein level of
TTP and CDA47 protein was checked in HN3R cells using Western blotting.
When DNMT1 protein in whole-cell lysates was reduced, TTP expression
was increased significantly with decreased CDA47 expression at the protein
level (Fig. 5B).

To determine change of TTP expression by the DNA methylation effect we
performed an MSP assay. Basically, HN31 cells showed unmethylation status
of the TTP promoter, however, HN31R cells aberrant, hypermethylated DNA
in this region. (Fig. 5C). To confirm the regulation of TTP by DNMTI in
HN31R cells, MSP was performed after 5 uM 5-AZAdC on HNS3IR cells.
Following treatment with 5 AZAdC, TTP meth-ylation was decreased (Fig.
5D). These results suggest that TTP is suppressed by DNA methylation in
radioresistant HNC cells.

We confirmed whether DNMT1-mediated DNA methyla-tion of TTP could
regulate binding with CD47 AREs using a luciferase activity and DMNT1
inhibition could induce phagocytosis. After treatment with 5-AZAdC, the
activity of CD47 AREs 8-13 significantly decreased compared with that of the
control through TTP expression (Fig. 5E). And following treatment with
5-AZAdC, we identified the signifi-cant increase of phagocytosis (Fig. 6A
and B). These findings suggest that TTP suppression by DNMT1-mediated
DNA meth-ylation maintains sustained CD47 activation in radioresistant HNC
cells.

Additionally, we investigated the CD47 related signal pathway in
radioresistant HNC. We investigated the relation—-ship of EphA3, CD47 and
AKT activation, mediate tumor aggressiveness and radioresistance based on
previous our study (18). We found that CD47 silencing decreased
phos—phor-AKT expression on western blot (Fig. S1). And we assessed
which EphA3 could regulate CD47 and phosphor-AKT expres—sion. The

10



decrease of CD47 and phosphor-AKT was detected following EphA3 silencing
compared to that in the control cells. These results suggest that CD47
antibody may have dual effect in increase of phagocytosis and suppression of

AKT activation although these results are preliminary data in radioresistant
HNC.
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Figure 1. CD47 expression and phagocytosis is associated with TTP
expression in radioresistant HNC cell lines.

(A) TTP and CDA47 protein levels in HN31 and HN3IR cancer cell lines were
investigated using western blotting. (B) TTP and CD47 mRNA levels in HN31 and
HN31R cancer cell lines were deter-mined using reverse transcription—quantitative
PCR. (C) Phagocytosis index was evaluated using a phagocytosis assay in HN31 and
HN3I1R cell lines (scale bar, 20 um). Values are presented as the mean = SD (n=3).
*P<0.05, *xP<0.01, **+xP<0.001. n.s., not significant; TTP, tristetraprolin.
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Figure 2. TTP suppresses the expression of CD47 and increases
phagocytosis in radioresistant HNC cells.

(A) After inhibition of TTP by small interfering RNA, expression of CD47 was
measured at protein level in HN31 cells using western blotting. (B) After
overexpression of TTP in HN31R cells through transfection with the TTP expression
vector (pcDNA6/V5-TTP), the expres-sion of CDA47 protein was measured using
western blotting. (C) To identify the effect on phagocytosis, a phagocytosis assay
was performed after TTP overexpression in the HN3IR cell line (scale bar, 20 um).
Values are presented as the mean * SD (n=3). #**P<0.0l. n.s., not significant; TTP,
tristetraprolin, HNC, head and neck cancer.
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Figure 3. TTP binds to ARE 8-9 in CD47 mRNA 3’'UTR.

(A) Analysis of the human CD47 3'UTR identified the presence of 13 AREs. (B) A
luciferase reporter gene linked to oligonucleotides with Flag AREs 1-7 and AREs
8-13 within the CD47 3'UTR were prepared in the psiCHECK?2 plasmid, and the
luciferase activity of Flag AREs 1-7 were evaluated depending on TTP expression.
(C) Flag AREs 8-13 were divided into a Flag AREs 10-13 construct and luciferase
activity of CD47 was measured depending on TTP expression. Values are presented
as the mean = SD (n=3). #***xP<0.001. n.s., not significant; UTR, untranslated region;

ARE, AU-rich element; TTP, tristetraprolin.
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Figure 4. TTP enhances CD47 mRNA degradation by binding to
ARE-9 of the CD47 mRNA 3'UTR.

(A) Luciferase assay was performed with AREs 8-13 with single mutants of the 9
ARE motif (AUUUA—AGCA) (B) After the transfection of pcDNA6/V5-TTP or
pcDNA6/V5 into HN3IR cells for 24 h, expression of CD47 was estimated using
reverse transcription—quantitative-PCR at the indicated times following the addition of
5 mg/ml actinomycin D. (C) To confirm the association between endogenous TTP
and ARE in the CD47 3'UTR, RNA EMSA was performed after mixing cytoplasmic
extracts containing 4 ug of total protein from pcDNA6/V5-TTP-transfected HN31IR
cells with a 20 fmol biotinylated RNA probe containing wt or mut. After adding
control antibody or anti-TTP to the reaction mixtures, binding reactions of
biotinylated wt or mut probe was measured. Values are presented as the means =*
SD (n=3). ***P<0.001. n.s., not significant; wt, wild-type; mut, mutant; UTR,

untranslated region; ARE, AU-rich element; TTP, tristetraprolin.
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Figure 5. Sustained TTP suppression and CD47 activation is
maintained through DNA methylation in radioresistant HNC cell lines.

(A) Protein levels of DNMT1 and TTP in HN31 and HN31R cancer cell lines were
investigated using western blotting. (B) To determine the DNA methylation of TTP
by DNMTI1 in HN3IR cells, the cells were treated for 2 days with 5 uM 5-AZAdC
(DNA demethylating agent) and the protein levels of TTP and CD47 protein were
checked in HN3R cells using western blotting. (C) To determine change of TTP
expression by the DNA methylation effect, MSP assay was performed. (D) MSP was
performed after 5 yM 5-AZAdC on HN3IR cells to confirm the regulation of TTP by
DNMTI1 in HN3IR cells. (E) Luciferase activity of CD47 AREs 8-13 was measured
following treatment with 5-AZAdC to confirm whether DNMT1-mediated DNA
methylation of TTP could regulate binding with the CD47 AREs. #*P<0.02, *+xP<0.01,
#xxP<0.001. DNMTI1, DNA methyltransferase; TTP, tristetraprolin, MSP,
methylation—specific PCR; WB, western blotting.
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Figure 6. DMNT1 inhibition induces phagocytosis in radioresistant
HNC cell lines.

(A) Phagocytosis assay was performed. (B) Phagocytosis index was evaluated using
phagocytosis assay after treatment with 5 yM 5-AZAdC in HN3IR cells (scale bar,

20 wpm). Values are presented as the means * SD (n=3). #*P<0.0l. n.s., not
significant.
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Figure 7. The present hypothetical model shows the upregulation of
CDA47 expression in radiation-resistant cells.

TTP expression is downregulated by CpG hypermethylation in the TTP promoter
(DNMT1-mediated DNA methylation), with constitutive activation of the CD47 by
suppression of CD47 mRNA decay. The CDA47 activation could inhibit phagocytosis.
DNMT1, DNA methyltransferase; TTP, tristetraprolin.
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Discussion

In this study, we demonstrated that DNMT1 suppressed TTP expression
through DNA methylation in radioresistant HNC cells, which in turn,
prevented binding to the ARE within the CD47 3'UTR and inhibited CD47
mRNA decay. Thus, up-regulation of TTP can induce CD47 mRNA

degradation and increase phagocytosis in radioresistant HNC cells.

It was known that the overexpression of T'TP can induce inhibition of tumor

growth, implicating TTP as a tumor suppressor (8). Specifically, TTP can
regulate the posttran-scriptional regulation of various inflammatory mediators
and immune gene expression thus exert anti-cancer effects (8,17,21). Based
on these findings, we studied the role of TTP in CD47 expression. In
previous study, it was known that NF-xB and Hypoxia-inducible factor—1
(HIF-1) can regulate CD47 expres-sion by binding to at transcription level
(22,23). However, little is known about the regulation of CD47 expression
through ARE motifs present in 3'UTR of mRNA, post-transcription—ally. We
discovered that the CD47 3'UTR contained AREs and overexpression of TTP
enhanced degradation of CD47 mRNA through ARE binding in HNC cells, in
turn increased phagocytosis. Moreover, we demonstrated that TTP targeted
CD47 directly by binding to the ARE flag 9 of CD47 mRNA, and CD47
expression was downregulated by TTP. Our results also indicated that TTP
enhances phagocytosis through repression of CD47. To our knowledge, this is
the first report suggesting the regulation of CD47 expression mediated by
TTP post-transcriptionally.

Currently, several CD47-blocking antibodies are being investigated in clinical
trials, alone or as combination therapy (5,24-26). However, the clinical
limitation of current CD47-blocking antibodies is the expression of CD47 on
normal cells such as myeloid cells which forms a ‘antigen sink’ that may
restrict sufficient antibody acceleration at therapeutic sites (26,27). Thus,
combination therapy with SIRPa-blocking agents or other target therapeutic
agents can help a smaller antigen sink. Combination with TTP overexpression
agents can help to reduce antigen sink of CD47 antibody, but currently, there
1s no drugs which can induce TTP overexpression. These findings suggest

that TTP has important role in development of radioresistance in HNC and
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as biomarker to predict efficacy of CD47 antibody in recurrent HNC patients

after radiation therapy.

Recently, one open-label, multicenter, phase 1 study with evorpacept (CD47
antibody) in advanced solid tumors including HNC showed a favorable safety
with stable disease control (27). Evorpacept is being studied in combination
with other drugs for both solid and hematological malignancies and can be a

new approach to CD47 targeted therapies in advanced or recurrent HNC.

Finally, we investigated the mechanism of TTP suppression in radioresistant
HNC cells. A various signaling pathways have been reported which regulate
TTP expression at the transcrip—tion, post—transcriptional, or
post—translational levels (11). Here, we demonstrated that TTP can be
regulated epigenetically. Previously, we reported DNMT1 overexpression in
radio-resistant HNC (18) and found that TTP suppression was regulated by
DNA methylation through DNMT1 overexpres—sion in radioresistant HNC
cells Our findings suggest a model (Fig. 7) in which suppression of CDA47
mRNA decay through DNMT1-mediated TTP methylation induces sustained
CDA47 activation and inhibition of phagocytosis in radioresistant HNC. Thus,
the present study demonstrates a previously unrecognized CD47 mRNA
regulation by TTP in radioresis-tant HNC. The relationship of EphA3 and
CD47/Akt pathway remains unclear in radioresistance. Our results indicate
that EphA3 may regulate the CD47 and AKT signaling pathway but, further
studies are needed to analyze the exact association in the signaling pathway,

additionally.

In conclusion, we demonstrated that TTP could regulate CD47 gene
expression in HNC, post-transcriptionally. We discovered that TTP could
decay its mRNA by binding to the 9th ARE of the CD47 mRNA. As a result,
TTP-mediated suppression of CD47 results in increased phagocytosis. TTP
suppression by DNA methylation mediates sustained CDA47 activation in
radioresistant HNC. These findings suggest that TTP has important role in
development of radioresistance in HNC. Our findings provide novel insight
into role as biomarker of TTP to predict efficacy of CD47 antibody in

recurrent HNC patients after radiation therapy.
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