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Mechanism of 2-Deoxy-D-ribose-induced Damage in Pancreatic [S-cells
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Abstract

Background: Mechanism for glucose toxicity is known to be an increased oxidative stress produced by

multiple pathways. In our previous report, 2-deoxy-d-ribose (dRib) promoted apoptosis by increasing
oxidative stress in a pancreatic S-cell line. We performed this study to investigate the mechanism of
dRib-induced damage of [-cells.

Methods: HIT-T15 cells were cultured in RPMI-1640 medium with 40 mM dRib for 24 hours after
pretreatment with various concentrations of a metal chelator (DTPA) and inhibitors of protein glycation
(aminoguanidine and pyridoxamine). Cell viability was determined by MTT assay. Apoptosis was analyzed
by flow cytometry with annexin V/PI double staining.

Results: DTPA, which inhibits the monosaccharide autoxidation, partially reversed dRib-induced cytotoxicity
in a dose-dependent manner (P < 0.01). The cytotoxicity was also suppressed dose-dependently by
aminoguanidine (AG) and pyridoxamine (PM) (P < 0.05 and P < 0.01, repectively). Flow cytometric analysis
showed that pretreatment of DTPA and AG also reversed the dRib-triggered apoptosis in a dose-dependent
manner. We assessed the additional protective effects of inhibitors of protein glycation from dRib-induced
cytotoxiciy in the presence of a metal chelator. The additions of AG (P < 0.05) and PM (P < 0.01)
significantly reduced the cytotoxicity compared with DTPA alone group.

Conclusion: This results suggest that dRib produce cytotoxicity and apoptosis through the mechanisms of
advanced glycation endproducts (AGEs) formation including the monsaccharide autoxidation and protein
glycation in pancreatic (-cell. Thus, dRib could be a surrogate for glucose in the study of glucose toxicity
and chronic diabetic complications. (J Kor Diabetes Assoc 31:105~112, 2007)
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3 sfel, EE Fedel] Sl AskaEdlze] St 1)
olog iz Q). Polyol 7=, methylglyoxal 3341, H|
a4 ohBATS)  (nonenzymatic protein  glycosylation),
protein kinase C #4J3}, hexosamine AE, 53 AWMt
3} (glucose autoxidation) 12| A5} Q1K) (oxidative
phosphorylation) 5] G54l 702 HolEeiAar 9]
o).

of F wlix wudgs, Fmg AMRE delw
methylglyoxal-& A2 Al AElo] glov] A% 2%
S (advanced glycation endproducts, AGEs)S ¥
Al ek wlEs hAEShE Maillard WholZlars
o] Exgo] Adz whde] ofulilel wHSelo]
Schiff %371& &Askar o]ojA] Auld (rearrangement)=]o]
H]7}421Ql Amadori 3FgHEo] REEolA|aL PR 55
(condensation), B (dehydration) ~12]32 A2 (oxidative
fragmentation) WS- X 2Fg3ibEe] FAFPO.
Aminoguanidine¥} pyridoxamine X9l 7131 tlE4]
7 Shels) ihe-g olAlslo] HEREAE WAE oA
e Aoz oA ek, Tw AZMIR HolFk
(transition metal) S ZH|Z slo] EEo] enediolS 714 a
-ketoaldehyde & ¥igk=l= k-5 23kl o] wh&-2 S5
o|EA| (metal chelator)Q! diethylenetriaminepentaacetic acid
(DTPA)OIl 23l <A™, GSMIAE (reactive oxygen
species, ROS)o] FHHEE HHEolXIt). Ap7Hilste] E4t
=9 aketoaldehydes WA} whgslo] HFReae
AJs} o]= autoxidative glycosylation’O]E]—l 5{}1;]-12’13).
Methylglyoxal-2 Hkg-4Jo] uf$- 7}2} dicarbonyl 241 sHed2kg
o] E7HAE0l dihydroxyacetone phosphate-ﬂ glyceraldehyde
3-phosphate Z5E] wHEo] 2w HFP3Mize] ATA=
g3

ellstol=71E A AR e 2 Aot e
21 (reducing sugar)olZkal sb, Tl o3} 5H2
glucose < mannose < galactose < xylose < fructose <
arabinose < ribose < 2-deoxy-D-ribose (dRib)-‘i] o g o
A Y. o] F ExgE Rl g U] wiEel
AN G5AS W] Slelix= 28l Algte] He
3jek. Olson &' WIEHIZESFE g Exrdol] oF 207
7 AR o) ul2A Q4R fRApe] nlejEe
2 ke Bl vt Qe Sel wE Fegel g
WIERAIES] AR A4AelA BsI77E ol ofdlek
webq Ee vl $Hso] o} 3 dRibZ WEHIES
Aelslol P24 Q7S Aok

AR 2| dRib7F HIEFAIESQ] HIT-T1S AlZellA] 24
A7k Rkl ARl E FAHIA ATARAZ fieh
3 Bwsglot 7 7Rl ik el S ehgket”)
webA] B AT dRib7F G54 F1AE Bl Ak
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1. Alet

2-Deoxy-D-ribose  (dRib), (AG),
diethylenetriaminepentaacetic acid (DTPA), pyridoxamine
(PM), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide (MTT)$} dimethyl sulfoxide (DMSO)< Sigma
Chemical Co. (St MO, USA), RPMI-1640,
Dubelco’s phosphate-buffered saline (DPBS),
penicillin?} streptomycin<= GIBCO Invitrogen Co. (Grand
Island, NY, USA), 18] fetal bovine serum (FBS)<
HyClone Co. (Logan, UT, USA)ollA G1s}3ict. ZE i
9FH A= BD Falcon (Franklin Lakes, NJ, USA) A%< A
Sslsiek

aminoguanidine

Louis,

trypsin,

2. MIZZHHZF

olgElEn] AFEFCQl HIT-T15 AFE (24-40 passage)S
10% FBS, penicillin 100 IU/mL, ZZ&|3L streptomycin 100
ug/mLo] E0]3lE RPMI-1640 WHAE 37°C, 5% CO, $H3
ollA] uljekslic). AEHE (confluence)”} €F 70%01] o] =4
DPBSC2.Z AJEskL 0.05% trypsin S-S X2lslo] Alchul
oFslsict Aliuliekslar 29 $oll 0.5% FBS7F ol
RPMI-1640 A& szAlslo] o157 gt xJalsict. 22]x
40 mM 2] dRib9} 0.5% FBS7} E019J+= RPMI-1640 Hi
Az ohA] saAlsle] 24417F E]E vHelslSlen, DETAPAC,
AG%F PM dRib 25 304 Hefl 71818k

3. NEZMES

=5

AEAEES A e MTT EHoz 2},
24-well BiFEAl well B 2 x 10°709] HIT-T15 AEE
E53tod wieksisick. viA] 1 mL ©& MTT £ (5 mg/mL)
100 L& F71stod 4A17F 737 & wiekelts wE]ar 7} wellol]
DMSO 200 yLE 7}s1o] A3 W formazan crystal-S S-3lA]
At &=+ ELISA plate reader (Bio-Rad Laboratories,
Hercules, CA, USA)Z 540 nm 3FgollA] ZA43sl9]c}. A&
AEge v A wnlc} dRibE X2l 2k =T
FHEE 100% Z 3131own ZF AT ol tish vlE=

AR
4. MEZEXIZEAR| £H

Annexin V&} propidium iodide (P)Z o]Z3s}aL -5

AEZEAH (flow cytometry)S ©]-83}o] AYE A (annexin



uc}

TEE 9| 7Y

V-SAPI-SA4)), 7] AZAPEARAE (annexin V-FA)/PI-
=4, 371 AEAEA e A AIE (annexin V-4
[PI-F)E Tst3lor], FAEAPEARE annexin V-4
[PL-S4 B A AlES] vlE=E FATSIIHY. 6-well vl
FHAel| well & 6 x 10°7H2] HIT-T15 A|ES HFs}o]
uljoks}gde}. Vibrant Apoptosis Assay Kit #2 (Molecular
Probes, Eugene, OR, USA)E A83l) o dHE A
of] ule} o]FdE AlBelgirt. Qokel 6-well HHHA]
2R AEE TEsl] AR & F AE
DPBSell feA7Ic}. thA] 4lEelste] @4
FITC7} 735 annexin V&} PI S34-2-oHof] 2 EMAA A
2o 1582 WHelslel. odAEl AIEEL FACScan
(BectonDickinson, San Jose, CA, USA)oE KAl
CellQuestPro AZE9o] (BectonDickinson)Z Z& AR2]

pellets%

pellets%

o] AEEE AWFslddcl 7 A8 2 10,000719] AIZE A
g3k
4. SHEN

T 7F ¥]3Z= SPSS 11.0 for Windows (Chicago, IL,
USA) Z2a3s o]dslo] nv]=E 7472l Mann-Whitney
test® FAJ819lom, P Zho] 0.05 1T ¢ TAE /<
Aol & Zog et BE AY T+

A i
A2 71Est3iek

ke
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Cell viability (%)

20 -

ol
40 mM dRib
DTPA (mM)
AG (mM)

PM (mM)

+

+

0.01

+

0.1

+

0.3

s
=

=25 ZE0IENR HiEIESt AXMIT} dRib0| 2
st NZ=M0l 0|Xl= ¥st

AIEZAo] dRibe] APHEslel] &3k HESRIA] doliy]
$lele] 555 Zelo]EAIQ] DTPAE XX 318l om, g
ZA}s) A2 2 L4edZ] aminoguanidine¥} pyridoxamine
<= A831e] Maillard HF339] IAIE Yol tr) DTPA,
aminoguanidine®} pyridoxamine-& 30270l *|XJslaL 40
mM dRib®} 0.5% FBS7} E¢l9J= RPMI-1640 WA =2
HIT-T15 AIZEE 24417k 53t vt 3 MTT 24 A8
s199r}t 40 mM dRibERF 2=31931S w] 33% (P < 0.01)
NA ZHAERA A|EAEES DTPA, aminoguanidine@}
pyridoxamine& HAX|3re g FrolEHog ou|glAl
3]85] ik DTPAE 0.01, 0.1 2213 0.3 mM F=ellA
A|FEABZgo] 217+ 48 (P < 0.01), 66 (P < 0.01) 1]
71% (P < 0.01)& dRib%F Foi3t ol vlal| -F-2JsiA] Z7}
=|9icl. Aminoguanidine 0.5, 1 22|31 5 mM 52 A
A=) 3199wl AFEABEE0] 38 (P < 0.05), 39 (P < 0.05)
83 56% (P < 0.01)&E §-9s1A] Z7k=9l o1}t DTPAC
vlsll 37} 2Rk} Pyridoxamine< 0.5, 1 8|3 3 mM
FEollA 46 (P < 0.01), 53 (P < 0.01) &3 72% (P <
0.0)E 3|¥x]o] DTPAS} vt ATE Helch (Fig. D).

+

Fig. 1. Protective effects of DTPA, aminoguanidine (AG) and pyridoxamine (PM) on dRib-triggered cytotoxicity. HIT-T15
cells were preincubated with DTPA, AG and PM for 30 min at the indicated concentrations and then cultured with 40
mM dRib for 24 h. Cell viability was determined by MTT assay. Data are expressed as the mean = SD of the percentage

of viable cells relative to the untreated control. This experiment was performed twice, in quadruplicate.

** P < 0.01 vs. control.
t P < 0.05 vs. 40 mM dRib alone.
t+ P < 0.01 vs. 40 mM dRib alone.
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Fig. 2. Effect of DTPA on dRib-induced apoptosis of HIT-T15 cells. Cells were preincubated with 0.01, 0.1 and 0.3 mM
DTPA for 30 min, then cultured with 40 mM dRib for 24 h. Cells were stained with Annexin V-FITC (horizontal axis)/PI
(longitudinal axis) and analyzed by flow cytometry. The graph is representative of two independent experiments. (A)
Control; (B) 40 mM dRib; (C) 40 mM dRib + 0.01 mM DTPA; (D) 40 mM dRib + 0.1 mM DTPA; (E) 40 mM dRib
+ 0.3 mM DTPA.
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Fig. 3. Effect of AG on dRib-induced apoptosis of HIT-T15 cells. Cells were preincubated with 0.5, 1 and 5 mM AGfor
30 min, then cultured with 40 mM dRib for 24 h. Cells were stained with Annexin V-FITC (horizontal axis)/PI
(longitudinal axis) and analyzed by flow cytometry. The graph is representative of two independent experiments. (A)
Control; (B) 40 mM dRib; (C) 40 mM dRib + 0.5 mM AG; (D) 40 mM dRib + 1 mM AG; (E) 40 mM dRib + 5 mM

AG.
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2. 25 ZYOIEX<L EHiRESt AXFHITL dRibO 2
Bb MIZEXIHA DIXl= A

DTPA, aminoguanidine¥} pyridoxamineo] ¥<=3t A|Z
SAo] ohd AEAEAE AARIEA gotir] L3l
annexin V& PIZ olFdMslar F-5AIEEAHS Aledel
ek AEAE B]ELS o] 68.2%%3 40 mM dRib
A=l 23l 12.8% 2 ZrAE9lert, 001, 0.1 223 0.3
mM DTPAE ZX%| 3l91-& wie 2+ 44.7, 53.1 28]aL
612% 2 F&=ol nl#le] 35=]9ck & AEAEA (27
o} 7] AEAEAD vlEE HZT 29.4%114] dRib A=
S 2 85.5%71A S7FsI9iom, DTPA XX =2 Q& 22}
53.6, 449 2|3 37.1%E2 EEJEHog ZhiE|grt
(Fig. 2). 0.5, 1 Z2]3 5 mM aminoguanidine-& Z1%]%] &}
e wl YEAE vlgo] HET 63.3% ZE|I dRibT
21.4%°WA Z¥7F 302, 38.4 Bl 404% & =76l &
AZEAEA vl =3 =T 34.8%2F dRib- 76.6% 1A
DTPAE AAX| 3 ] ZH2} 68.4, 60.3 T3 57.8% 2
245 B9} (Fig. 3).

Zz=
%5‘9] L= jl?l n-=

3. SALAOIEME HMXISIAS 1 HYFICISH o4

M7t dRib0f| 2f5 MIZSME ANMIGH=

Aminoguanidine¥} pyridoxamine-& H]E3}

W
S JAAES S52E|E A9 7L Sl A

100 -

80 -

60 -

40 -

Cell viability (%)

20 -

0 -

40 mM dRib -+
03mMDTPA - - +
AG (mM) - - -
PM (mM) 5 =

0.5

2 Wyl ) . o) uliAlsly] 13l F<Aee| EAR
DTPAE A&} v}A] aminoguanidine?} pyridoxamine
o] AIZESA AAIEINE PslIQle) dRibell 2J3F AlE54
I} AEREAL AAEIE 7 2 0.3 mM 59 DTPA
Z 308 Aol HXsl ol E%2| aminoguanidineTt
pyridoxamineZ} 40 mM dRib&E A=38H & MTT 245 A
3Psldek. dRib 2Rl 2l 11%74HA] A= AZAE
$2 0.3 mM DTPA AXX| 2 &) 41% (P < 0.0D)E &
oA #E=eie) 13 5 mM aminoguanidine s 71519
< ] AEAYEEC] 2251 (P < 0.05), 52% (P < 0.05)F
0.3 mM DTPARF X% gl uff Het ou|glAl S7Fsi8]
t}. Pyridoxamine- 0.5, 1 Z&|3 3 mM =04 22+ 72
(P < 0.01), 76 (P < 0.01) 283 74 (P < 0.0)%Z U] &
° #i= By} (Fig. 4).

[t

a

A Wb ZFQ] HIT-T15 AZEA] dRiboll
ofgt AEEAT} AZAAATL FE5Z 0| EAIQ DTPASH
chilA sl JA)4]e] aminoguanidineX} pyridoxamineol] <]
3l FEEol At 2w YAl A=l S ArE Hol Firtk o]
A ol ARz HIT-T1S AIEE dRibE 258138 o
AEAFEARSL Ak Ed|2T} F7EEM, N-acetyl-L-cysteine

+
o+ o+
+
+
+

0.5 1 3

Fig. 4. Additive effects of AG and PM on DTPA-mediated protection from of dRib-induced cytotoxicity. HIT-T15 cells
were preincubated with DTPA, AG and PM for 30 min at the indicated concentrations and then cultured with 40 mM

dRib for 24 h. Cell viability was determined by MTT assay. Data are expressed as the mean *

SD of the percentage

of viable cells relative to the untreated control. This experiment was performed twice, in quadruplicate.

*#* P < 0.01 vs.
tt P < 0.01 vs.
¥ P <005 vs.
# P < 001 vs.

control.

40 mM dRib alone.

40 mM dRib + 0.3 mM DTPA.
40 mM dRib + 0.3 mM DTPA.
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(NAC)LZ XX e ] ALl =y o2 355+
ANE Haslgdel”. JA] AskiEdls 24 AE
A3t AR4FI ®ESSlE  dichlorodihydrofluorescein
diacetate (H,DCF-DA) 48 ol &l Axx] E2¢el
NACTE H,0,% AAsH= glutathione2] AFHlo] 22 dRib
= ALE o SRS E S AR el
o A webd & Q] sk drib7} wEH]
EollA ke ApIAEIe} Bl Aees A S ) Asles
A FAA AFABAE S ALE AN
c}.

1987 74A] 2|5 g3 S Maillard HHS-5 F3llAw gk
SolAl= Aoz dedzirk e Wolff 592 Exgdo]
APk A] GAIAAET) aketoaldehyde 7} BHEOIA| AL
AR el ofsl] wHEE whlAe]] aketoaldehyde”}
7ZA3tslod ketoimmine F71% (adduct)o] HAEH, o] Ko}
& Amadori ¥7FERT} U] HhgAJo] ol 37} Maillard
W& AX FEERHEe] wHEolXIvl= ‘autoxidative
glycosylation’®] 73S X502 FAsIcl o]F Wells
Knecht S0l 23l £59<] autoxidative glycosylation HF
5 % WHElAE aketoaldehyde”} glyoxal 2 Bl&5]c) o]
A MRS BE Foll she HlEL g 347
alo| =) DTPAG] elal elleled EEsiirhe 21ksol
2 th2 gl < & ub?. e 3458 Sl
3l ARG thd A7 HiBlelRE %3k 1 Zlo] ohm, -
BRIE Y4 7 F ‘dycoxidation’ HHSolXE ks

Glycoxidationo|2t  wh¥AG3}  (glycation)ol] oo A}
(oxidation) HFgo] HbAsli= Ao 2% Maillard HHe- 5 43

14O
va

2% Amadori 3}qhEo] Sl sl ApHEEL ks
S A* carboxymethyllysine (CML) H== pentosidine 5]
AW 2RSS B, ek B ol
25) DTPAS] A4 olal e dRibe] A7MIE 1k
wak ofujg} Amadori 7S] 7ML, & glycoxidation©]
AAl=lo] VeRS <= ek v} autoxidative glycosylation
9} glycoxidation- in vitro$}t in vivoollAl F=$] o7l wh
2} SAlel] WA = glom FibEE Al Ak wie
ol F Wh-g zhdshs AL wilg- ofF e
Aminoguanidine< €F 100d #ol] nitroguanidine-& 2+
XA NEE EZZ hydrazineZ} guanidium®] HHg- 12
7HAaL 9= XA (nucleophilic) E&o]c) o] AL
AR HEGEE AAAZ 7P ol 2xela glom
H|EAs chiEgele] S AAIAE ofdet ofe] g
of] 2F-&3tc}. Hydrazine -9 ©HiA3} whgslr] A
32| carbonyl 7]k ZAgtste] Schiff 7] 4= Welish,
Y3k Amadori 2HE2] carbonyl 719} REg-sto] w3} vbg-
o] ehS AR} Guanidium H-91E HEDsEe] 7
gt A741Q] methylglyoxal, 3-deoxyglucosone, glyoxal 5]

gt

B

gLl
ST
fos =

i
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dicarbonyl #1358 Xt (trapping)SH aminoguanidine 2]
71 FQe38 Ago & okl QIrF®. Aminoguanidine-
B2 TEdTeld BaA A,
& oMo A dedA QF Rk ofJeF” HIT-TIS
A} Zucker B3 H[EF FofA] B5A43S AAlsle] Qe
AB05-S 3] BAZIck BE vk k. Pyridoxamine
Hlel] B62 Yo7 AEe HEIME JAAZ
¥t Wk 9l o) aminoguanidineX]® H|&4 whiAGS)
g Foll FAEE dicarbonyl 3RMEES Al &3
7} JeF?. ®E3F aminoguanidineol ¥ & 4= $3E Amadori
o]% 72 (post-Amadori pathway)E A= 2Fgo| =
Khalifah V-2 HFEE7} =28 313559] ribose S THY AT
uk22)7] & 94a] ribose®} Schiff 7= £4o2 A
I Amadori 3FeHEUF B2lslo] Amadori ©]% 7 Zol] i3l
A BolF o A% 4 Qe 7IHE Nssick o] I
ol|A] pyridoxamine< Amadori $}grEo] HEIIIEE
o|gxl= g EIH oz AR 21} aminoguanidine-S
2} QIREF?. 58T pyridoxamine> 272
HEFHE e AP G AES Qv oAl
AQAA7 e Aoz W H”. a2 dicarbonyl 3HES
AASHE 8 2¥l2E aminoguanidine Hr} F2kgo]
A ZeE 7dEH, 2] GaAl Aol disk ARG
AL Ay FoleP?

Price 577 W FEI3HE JAAIE0] F& o]
E &S 7HAAL Qlong ATATE A o S5
o|E FIP} carbonyl HEi= dicarbonyl XI5t &3t2 291
T Ak sk 5 aminoguanidine¥} pyridoxamine
4= FE 3= ascorbate?] AMISHE FE0EH
02 AR 139 50% 5 AT T Ue = (ICs0)
© 27 259 1 mMElRL Baslglow], o] B oAl A
25 T2 A P24 4otk wEkA] B Qe
aminoguanidine¥} pyridoxamine2] S 0| E §I1E ul
Alsk7] $1#l DTPAE AAX23E ¥ HEdsHbe A=
9] a3 PE3I dRibell 23k AIEEAS FHUIE o
A 0.3 mM DTPAS AXX] FFolle HEI3 e
AAES F7F Hoa8-& JeRRIel (Fig. 4). o dRib
7} 452 iR e AR vkt ohde} 253t
Abe A7 s vE TS Bl AlEEEE 2Rk
s A|ARKL B8t pyridoxamine®] aminoguanidine Evl
dRibel] o3t AE=AS AARle A3} =27] wiwoll (Fig.
1, 4) dRib= Maillard H+g- 5 Amadori ©|% P25 A3
7Fs7gde] ek

B ol AnE F3lelHm dRibE HIT-T15 AZoiA
AP} &= glycoxidation 71733 Amadori )% HZ 5
9 HFFsE W4 TS Bt AlESAT ArEAE
F7HI7IE e Holw, ofd A 4zE kK uf 4t

S el A73H

rlo

N

<
N

0:

o]



IRE 2| 79 : 2-Deoxy-D-ribose7l #IZ HEIMZS| &AS RUSH= 7([H0 &sH &7

sl mRGo s Az Teht AREY R
ol Fhor] 7 olfis vheah ek Al ol
SRt AT b B9l olFolglont A%
AT AFAGE F7 AR 24o] olsitk
A wlEs Sk thE ik S8
AT el SolH wiAE AGY 5 9l
EANA ehe,

A 0% dRibi AP wERIEo HEGE o
g3t el 710 el AIECRS el Aoz A%
ek, weba A7) 0¥t FEghe jAlsie] ek
Folq G4 ATE el F4E 5 gom, o e
7} ERE A ZAe] o Qe RS ATl
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