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Radiation Response Protein, Sialyltransferase (ST6Gal I)
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Recently we identified 3-galactoside (2, 6)-sialyltransferase (ST6Gal 1) as a candidate biomarker for ionizing radiation. The expression of
ST6Gal | and the level of protein sialylation increased following radiation exposure in a dose-dependent manner. We also found that radiation
induced ST6Gal | cleavage and the cleaved form of ST6Gal | was sduble and secreted. Sialylation of integrin 31, a glycosylated cell surface
protein, was stimulated by irradiation and this increased its protein stability. Overexpression of ST6Gal | in SW480 colon cancer cells that ini-
tially showed a low enzyme activity of ST6Gal | increased the sialylation of integrin 31 and also increased the stability of the protein. Inhibition
of sialylation by transfection with neuramidase or by treatment with short interfering (si) RNA targeting ST6Gal | (Si-ST6Gal 1) reversed the ef-
fects of ST6Gal | expression. In addition, ST6Gal | overexpression increased clonogenic survival following radiation exposure and reduced ra-
diation-induced cell death and caspase 3 activation. In conclusion, we suggest that exposure to ionizing radiation was found to increase
sialylation of glycoproteins such as integrin 31 by inducing the expression of ST6 Gal |, and finally protein sialylation contributed to cellular ra-

diation resistance.
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Ionizing radiation increases ST6Gal I expression

Salic acids, nine carbon acidic sugars bearing negatively charged
a physiol ogical pH, are known to be ubiquitously expressed on the
non-reduci ng ends of the sugar chains of glycoproteins and glycolipids
in tissues They are known to be key determinantsfor a large variety
of bidogca processes, including cell-cell communication, immune
defense, tumor cell metastasis and inflammation.' The R-galactoside
a(2, 6)-sidyltransferase (ST6Ga 1) has been identified as being able
to catalyze the (2, 6)-sidylation of N-acetyl lactosamine. Since our
previous study indicated that mMRNA expresson levels of ST6Gal |
in the mouse spleen and integtine were increased by whol e body ir-
radiation, we confirmed these findings in the mouse !l een system.
Induction of ST6Gal | a both the mMRNA and protein levels was
observed following whole body radiation with a dose of 1 Gy.?
Additionally, induction of other sidyltranserase mRNASs such as
ST89al, ST3GAd |, ST3G4d |1, ST3Gal |11, and ST3Ga IV were
aso observed in the spleen following irradiation of the mice, sug-
geding that radiation exposure increased the expresson of a variety
of sayltransferase genes.

Sialylation of integrin R1 by irradiation

From variety of reports, ST6Gal | was expressed particularly in
human malignancies®°® The upregulation of ST6Gal | is probably the
basis for the increased (2, 6)-sidylation sen in cancer cdl.**
Severa clinical and experimental studies suggest a positive correl a
tion between high ST6GA | level's and the invas ve behavior of can-
cer cells, but other studies have reported opposte conclusions.®
Furthermore, there have been no reports of ST6Gd | expresson-
induced ddylation of glycoproteinsin response to radiation expo-
aure. To eluci date whether increased expression of ST6Gal | foll ow-
ing radiation exposure affects protein sidylation, FACS analysis
us ng a fluorescent lectin from Sambucus negra agglutinin (SNA),
which isan a2,6 sialylation-specific lectin or Maackia amurensis
agglutinin (MAA), which is specific for 2,3 sidylation, was per-
formed. A total body irradiation dose of 1 Gy resulted in increased
binding of SNA and MAA to splenocytes suggesting that radiation
exposureincreased s adyl ation of celular proteins When we exam-
ined these phenomena in the colon cancer cell line (SW480), similar
effects were observed. Radiation-i nduced SNA hinding wasinhibited
by either Si-ST6Gal | treatment on SW480 cells. Then, we examined
total protein siadylation patterns using lectin blot assay, proteins of
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agpproximately between 100 and 150 kDamolecular wel ght showed
increased sialylati on following radiation exposure. Interestingly, there
have been reports that integrin R1 (120kDa) is saylated proteins.”
Indeed, integrin R1 was Salyl ated following radiation exposure either
invivo or in vitro with a dight increase in their protein levels. Flow
cytometry analyss aso indicated that radiation increased integrin
3 protein expression in gleen and SW480 colon cancer cdlls, sug-
gedling that radiati on exposure increased levels of integrin 31 in both
an in vitro and in vivo system.

Integrin 31 proteins, recently reported as having increased levels
in patients invol ved i n radiation accidents, are substrates of severd
dycosyltransferasesincl uding 31,6, N -acetyl g ucosaminyltransferase
V, dayltransferase ST6GaNAC |, and ST6Gal 1.”*° Various phe-
notypic changes have been shown to be the direct result of dtered
dlycosylation of integrin ma ecules, but in some cases, they have also
been rel ated to the differentia glycosylation of integrin-associ ated
cell surface molecu es. In our sysem, integrin 31 was Salylated fol-
lowing radiation exposure and salylated integrin 31 exhibited in-
creased protein sability. Moreover, neuraminidase treatment inhi b-
ited the radiation-induced increase in protein stability, indicating
that sidylation of integrin R1 was directly related to the sability of
the protein. Severa studies support arol e for integrin carbohydrate
groups in regulating the associ ati on between integrins and ligands.
Akiyama et al. reported that the treatment of human foreskin fibroblasts
with glycosylation inhibitors blocked cell adhesion to fibronectin.™
Smilarly, Zheng et al. demonstrated that ligand binding was atered
when N-linked carbohydrates were enzymaticaly cleaved from cell
aurface a5R1 integrins, suggesting that the presence of sidic acids
can drectly modul ate ligand/receptor interactions.’ We do not know
exactly why sialylation of integrin R1 affected its protein stability.
However, one possibility is that adhesion to a solid substrate can
gabilize integrin 31 on the cell surface through a ST6Gal 1-dependent
mechanism.” From these results we suggests that the radiation-
induced increase in sialylation of glycoproteins was dependent on
ST6Gal | activity.

Overexpression of ST6Gal Iinduces radiation resis-
tance

To examine the role of ST6GA | in the radiation response, we per-
formed the clonogenic survival assay and Pl staining using SW480
colon cancer cdls gably transfected with ST6 Ga |. SW480 cell
clones sably overexpressing ST6Gal | (#6 and #22) also showed
increased clonogenic surviva following radiation and reduced ra-
diation-induced cdll. Cagpase-3 activation and PARP cleavage fol -
lowing exposure to adose of 10 Gy gamma radi ation were aso in-
hibited by ST6Ga | overexpresson. Furthermore, the additiona
trangection of ST6Gal | overexpresson clones with Si-ST6Gal | in-
hibited ST6Gal I-medi ated. To e ucidate whether the radiores gance
by ST6Gd | was rd aed to sialylation by ST6G4 |, cells were co-
transfected with Neu2 and cell death was examined. Following co-
transfection with Neu2, inhibition of radiation-induced cell death

Minyoung Lee et al.: Radiation and Protein Sialylation

and cagpase 3 activation by ST6Ga | were reversed, suggesting
that the ST6GaA |I-induced radioresistance was mediated by protein
ddylation. ST6GA | has been suggested to have an important role
in oncogenic transformation and metastasis. Increased expresson
of ST6GA | has been observed in colorectd cancer, breast cancer,
cervica cancer, and choriocarcinoma However, devated ST6GdA
| inhibited the formation of a glioma in vivo.® Therefore, expression
of ST6GA | may have different effects in different cancer types.
However, an dtered radiation response by ST6Gal | was never sug-
geged. In this study, ST6Gal | induced radioresistance and when
S-ST6Gal | or neuramidase 2 was co-transfected, the increased
radiored sance was abolished, suggesting that ST6GA |-mediated
protein sidylation isinvolved in the radiation resistance response
and protein sidylation enables the cell to res & radiati on-induced
damage through the inhibition of apoptoss. loni zing radiati on causes
cancer and metastasis.®* Therefore, we are now examining the ef-
fects of radiation-induced i ncreasesin protein sialylation on adhesion
and metastasis using dalylation site mutarts of integrin 31. Finally,
radiation-induced expression of sidyltransferases includes ST6Gal .
Protein sidylation by ST6Ga | has been frequently shown to be
higher in cancer cells, isinvolved in the protein stability of integrin
31, and provides cdlular radioresistance, suggesting that protein
daylation might be a nove target to overcome radioresistance in
radiation therapy.

Conclusion

In the present study, we observed that radiation exposure in-
creased the expression of ST6Ga |. Our previous sudy suggested
that MRNA expression of ST6Gd | was induced by exposure to a
low dose of radiation, gpecificaly in the spleen and intestine, both
radiation-sensitive organs.” Here, we elucidated the mechanisms of
ST6Gal | in the radiati on response. From these results we found that
radiation induced expresson of Salyltransferases including ST6Gal
I. Protein sialylation by ST6Gal | has been frequently shown to be
higher in cancer cells, isinvolved in the protein gability of integrin
31, and provides cdlular radioresistance, suggesting tha protein
dalylation might be a novel target to overcome radioresistancein ra
diation therapy.
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