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^BsTRACT Pardally thiolated Polyeytidylic acid 

(5-melaeaptopolycytidylic， MPC)and its double- 

stranded complex with polyinosinic acid [poly(I)卜 

印ly(I)·MPc·were assayed in both antiproliferative 
and cytotoxicity tests against human eel1~nes： lung 

carcinoma A549． co lon carsinom a HT-29， 

osteosarcoma HOS． and amnion tells(WISH1 

Inhibitory effects of M PC wcre noted in the 

antiprolffcrative assay with TD∞ 0f 7． 24, 33，and 

35川；·mr · and in the cytotoxicity test with IDle of 

164．174， 210· and 290／zg· mrJ against the 

H0S． A549， HT-29， and W ISH cells 

respectively． Comparison with the co rresponding 

partially titiolated mononucleotide ．(5-mercapto- 

CMP + CMP)and the nilcleoside f5-mercapto— 

cytldlne)demonstratedthatMPC was a nlok'~potent 

antiprolifcrative agent than either of its m onomeric 

eonsfituentL The inhi bitory eriect of MPC upon the 

incorporadon of[~H]thymidine into the DNA ofgrow． 

ing A549 eclb paralleled its antiprolirerative ac~vity 

KEY W ORDS Poly C； Poly I： nucleotides； 

5-mcrcaptocytidine；cell line； cultured tnluor oflls； 

cytotoxicity tests 

Partially thiolated polycytidylic acid 

(5-mercaptopolycytidy]ic acid， MPC)is a 

potent inhibitor of various D NA and RN A 

po lymerases， including the I~verse trans-- 

eriptase s of tumor viruses(”
． M PC also inhib- 

ited the colony-form ing ability of m urine 
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leukem ia bone marrow and spleen cells~ ， ) 

and， upon in vivo administration， it 

showed relatively greater uptake in the liver 

an d spleen cells of leukemic m ice as com pared 

to the sam e organs of norm al mice(4'
． Its 

double-strandod complex with poly(I)， i,e．， 

p01yO)·MPCwasfoundto pOSseSS some ad． 

vantageous properties over poly(I)·poly(C)as 
an jnterferon inducer and． in addition， jt was 

capable of inhibiting hum an cancer cell 

line ’． In preliminary clinical trials GOV1． 

ducted in Germ any， both M PC and 

poly(I)·MPC showcd some bcneficial effects 

against acute lym phocytic leukemia in 

children 

In the present paper． we shall report the 

activities of the single-stranded M PC on 

severa1 human cancer cell lines ri．e．， lung 

carcinoma A549， colon carein oma HT-29． 

osteosarco ma H0S)in vitro． For the under． 

stan ding of th e mechanism of action of 

M PC． ．its activity was compared with that of 

po]y(I)·MPC．Moreover， in order to de． 
term ine whether the direct inhibitory action is 

exerted by M PC itself, or by its potential 

metabolic degradation products， the 

antitumor activity of M PC against the human 

cancer eell lines was compared with those of 

th e corresponding monom eric nucleotides 

rsh’CMP 十 CMP)as well as 5-mercapto- 

cytidine． 

M ATERIALS AND M ETHoDls 

M PC， synthesized as describe d previous- 

lyO)
， contained 9．2％ 5-m ereaptocytidylate 

and 90．8％ cytidylate units randomly 
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dislribulcd throughout the polynucleotide 

chain． Poly∞ and poly(C)wcrc purchased 

from PL Bioch emicals， Inc． 

Poly∞ ·MPC： annealing of poly(I) 
with M PC has been reported  previously~~： 

the product contained 5％  5-m crcapto- 

cytidylate and had a hcUx—coil transition point 

0f 一42℃ (inphosphate buffer solution)． 
c partially thiolated cytidylic acid 

was prepared  by identical procedure as used 

for the preparation of the modified 

polynucleotide M PC． 1 at is， in the pre- 

viously described mcthod for th e synth esis of 

5---mercaptocytidylic acid(s)， the modifled  

nucleotide(sh CMn was not separated from 

也e rcmainin窟bulk of unm odified CM P． The 

purified  reaction mixture contained  about 

l5％ sh CM P and 85％ CM P， which is rea- 

so nably close to th e ratio of bound 

5---mcrcaptocytidylatc and cytidylat~ units in 

th e polym eric M PC． 

5-M crcaptocytidine was also synthesized 

as dcsoribed beforct ． The analytically pure 

compoundwasused． 

【m IThym idine was obtained from ICN 
Chemica1 and Radioiso tope Division． Irvine 

CA．U SA． 

Hm ad cell lines Lung carcinoma 

(A549)， colon careinoma flit一29)，osteo-一 

sarcoma fHOS1 and aH1nion cells(WISH)wcrc 

obtained from th e American Type  Cultum 

Colloction (Rockville， MD1． Al1 the cells 

were m aintained  in M EM  containing 10％ 

fet81 bovine serum(FBS) 

Aatiprolfferatlve assay (Iahlbition of 

colony formation) Three human tumor cell 

fines， A549， HT-29， H OS an d a nonma- 

Bgnant am nion ce l1 1ine were used  in this 

study． Onc thousand cells of each 1ine in a to- 

ta1 0f5 m1 0fMEM (1O％ FBS)in 35 mm wells 
of cluster tissue culture trays containing 0， 10， 

地  柏 ， 60， and 80 耀 MPC · ml 

respectively， werc incubated  jn a 5％ CO， 

atmosphere at 37℃ for 6---8 d． Thcn the mc． 

dium was decanted  and the cells wcrc stained 

with neutra1 red  diluted  with phosphate bur- 

fered sahne solution(PBS)．n all incubator at 

37℃ for l h． After aspirating the dye． the 

cells wcrc washed with  PBS and eluted with 

50％ ethano1． The eluates of each wel1 werc 

collected and the absorbance was determined 

at 540 nm In a G i1ford m ode1 24o0S 

spe ctrophotometcr． 

Growth intbibitlon of HT-29 and A549 

ce ll~ Both ee l1 types WCFC routinely grown in 

a modified Eagle m ediuml supplem ented 

with 10％ calf(bovine)serLun(EM IOC)．Cells 
wcrc seeded  into 16 mm culture wells at 2× 

l0’ cells／wel1in 0．5m 1 a~quotsofEM l0C． 

M edium was replaced with EM l0C containing 

M PC on the foflowing day． Cells werc 

trypsinized and counted  3，6， and 9 d after 

seeding． Rates of growth in col1 doublings per 

day wcrc determ ined from th e resulting curves． 

Cytotoxicity assay Suspensions of 2 

10’cancer cells(A549， HT-29 or HO s1 or 

amnion cells(WISH)in l m1 0f MEM (1O％ 

FBS)wcrc pipetted into 16 mm tissue culture 
wells and incubated at 37℃ for sevcra1 days． 

After the eelIs reached confluency， l m 1 of 

frcsh MEM (2％ FBS)containing MPC or 

poly q)·MPC(0，50，lo0，2o0，‘300，and 

40O 由 was added to the cell monolayers． 

Incubation was continued under the sam e 

conditions fo r 2-3 d． Aftcr aspiration of the 

med ium ， l m 1 of diluted  neutra1 red solution 

was added  andincubated at 37℃ for 1 h． Af_ 

ter washing with PBS an d cluting with 50％ 

ethanol， the absorbance was measured  at 540 

Effects OD DNA synthceis by M PC 

Suspensions of 2× 10 lung careinoma cells in 

2．5 m1 MEM (10％ FBS)wcrc added into 35 

mm tissue culture dishes and incubated at 37℃ 

in a 5％ CO， atmosphere． At 0， 3．and 5 d 

respectively， M PC 80 Pg· ml ftotal 200 

地 ／dish)was added．On d 5 from the begin． 
ning ofthe expe riment， 4 h prior to harvest， 
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37 kBq·mr‘ 0f[JHlthymidinewas added 

Anor harvesting。 the m edium was decanted 

and 0．2 m 1 of trypsin and EDTA solution was 

added  to each dish． Aftcf 5-rain jncubafion 

at 37℃ ， 50％ TCA 0．5mlwas added  andthis 

wasfo Ilowed  by 2ml of 5％ TCA． Themix- 

'cure was filtered and washed with 5％ TCA 

twice， foIlowed  by 95％ ethanol。 也en the 

filter with the prec ipitate was dried  under an 

infrare d lamp． Radioactivity was measured in 

5 m l of spcctroftuoroscintillator udng a 

Packard Tri-Carb M odel 3320 scintillation 

counter ． 

AntiprollferatDe effects Tab 2 shows 

that M PC inhibited  the growth of human lung 

ca rcinoma， colon carcinoma，osteosarcoma 

cells．and also of am nion eells。 in vitro． Al1 

these inhibitions were dose-related as exernpli． 

fled by inhibition of 也 e rate of growth of 

A549 and HT-29 cells(Tab 1)． These eel1 
lines exhibited  sim ilar sensitivities to M PC 1m 

both assay systems described  in M ETHODS
． 

This result suggests that M PC is cytotoxic J：o 

broad cell lines jncluding m alignant and 

nonmalignant cells(WISH)． 

Tab 1． 1mhllblflem oa growth of HT一29 and A$49 celts 

byMPC．2xIo， Cells1Ⅱ0,5mlI】lq帅扭ofEM1oc 

were seed ed Iate 16-m_ tim e cu]钿re we]k Thefol- 

lowing day， medium will replaced with EM IOC 0口● 

teining the tadieated ~olec n~ tiolm of M  C． Cells 

were口y岫 lled andcounted 3， and 9d after seedinl 

(Io，xCells／Ⅲl 

· 117· 

The results obtained in parallel assays 

using poly(I)·MPC were similar to those pre- 
viously reported for this polynuclco tide corn． 

plexI ． Compared on a weight basis the 

inhibitory activities of M PC on the above ce l1 

1ines were generally somewhat more potent 

than those of poly(I)·MPC．However， the 

lafter contained  only onc--ba1f as many 

per m olecule than 

did MPC， and neither poly∞ nor poly(C) 
showed any sign ificant aetivity in the 

antiproliferative assay． Thus。 using the 

A549 eell1ine， at drug concentration of 20， 

40，and 80 g·ml poly(I)showed l0_8％， 

l2．3％， and 3．8％ and poly(C) showed 
一

3．7％ ， 1．9％ ， an d 22．5％ jnhibition 

respec tively． 

Tab 2． Anflprollferatlre effect ofMPC and 13oly(I)· 

M PC against varlatm haman~ltnCet]JunK． ±SD． 

CytotnxldW test Tab 3 shows tl1at 

M PC exerted  someeytotoxic effec t on A549． 

HOS， HT一29，and W ISH cclI lines， but it 

was not as potent under these assay conditions 

as it was in the antiproliferative assay The 

results obtained for polyO)·MPC in the 
cytotoxieity test against the various cell lines 

Tab 3． Cytetoxkitytent ofMPC and poly(1)·MPC 

against varlou haman m cer lI_ce． i± SD． 
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welc simiiar to those obi“lned with M PC 

Comparison of the antiproliferative effects 

af M pC with those of the partially thinlated 

CM P and pure 5-mercaptocytidiac In corn． 

parison to the significant inhibitory effect of 

M PC io thc antiproliferative assay using the 

A549 ee l1 1ine． the corresponding modified  

mononuclcotidc f5-mcrcapto—CMP + CMP) 

was seven timcg 1ess active． For example， 

thc LD 0f M PC for the A549 eel1 1inc was 

25'big· ml～． while the U )5n of th e 

mononucleotides was estimated  to be 1 53 g· 

ml～． In the case of the pure nucleotide 

5--mereaptocytidine， the antiproliferative cf- 

i'cct was evcri les s· the IDj0 being 218
,ag · 

mr frab 4)． 

Tab 4 Antlpm llferatlve effects of M PC， partially 

thiohtted CM P and 5--mercaptecytldlne 041 A549 cells 

6uItere． 土SD 

Drug Growth， ％ ofeontrnl 

避 -ml～ M PC 5-SH—CM P 5-SH--cytidine 

0 

l0 

20 

4O 

8O 

IC 

j90 

72土 l2 

53土 l3 

52± l4 

22± l2 

26± 7 

l00 
—  

82 

73 

66 

l 53 

l00 

l00 

97 

87 

79 

2l 8 

All groups arc different from each other at P<0
．05 by 

weighted probit analysis 

Tab 5．Effects of MPC(g0 g·ml一’)̈ Incorporation 

0r[~rIlthymldlne into DNA of]ullg carcinoma(A549) 

oeI／L 土SD． 

m e atwhich 

M PC was added 

Control 

6h before harvest 

3d bef0 harvest 

5 d before harvest 

Incorporation of 

【’H]thymidine into DNA 

Total cpm ％ inhibition 

654±3l0 

537± 240 

977± 2o8 

l45土26 

7 

4l 

9l 

Effect on DNA synthesis The effects or 

M PC on DNA synthesis of lung carcinoma 

colj ‘ demons'．rated bY the expellinen 

summarized in Tab 5． It is sccn that 80 g · 

ml-‘ of M PC inhibited DNA synthesis even if 

the drng was added on d 5， 6 h before hat- 

vest． If M PC was in contact with the cancer 

cells for a longer time． the inhibitory potency 

increased  

DlSCUSS10N 

It has been reported that various 

double-stranded RN As have antitumor activi． 

tics． Thus， poly(1)·poly(C)， poly(A· 

poly(U)， poly(I)· MPC ． and poly(I)· 

poly(Cm U)were reported to inhibit the 

growth of tum or eelIs in vitro and／or in vivo． 

Since double--stranded RN As can induee 

1nter ferons and enhance the activities of natu． 

ra1 killer cells， it may not bc iustificd to as- 

cribe their antitum or effect solely to their di． 

rent action on the tum or cells， i．c．， arresting 

their proliferation or kilting the cclIs． 

HOWCVCr the single-stranded  thiolated 

polynucIe0tide， M PC has been shown to 

have no significant im munom odulatorv-activi． 

ty in vivo(⋯ and to have no interferoll in
．  

ducing activity in vitro Thus． both the 

antiproliferative and cytotoxic effects of M PC 

observcd in the present study should be 

attributed t0 its direct antitumor activity In 

view of the known susceptibility 0f 

p0lyrib0nucle0tides to hydrolysis， one might 

question whether M PC entcrs the cells as a 

polymer， or whether it is hydrolyzed first by 

the ubiquitous ribonucleascs to the monomeric 

nucleoside and nucleotide analogs
． Thc much 

less potent activitics of the 5-mercapto 

analogs of CM P and of cytidine against these 

cell lines appear to argue against the latter pos- 

sibllity． In addition， our previous studies 

have indicated that the enzymatic digestion of 

M PC with nucleases yielded a mononucleotide 

fraction almost void of SH groups； th at is 

essentially only unmodified CM P-residues 

wcrc rcleased io the mononucleotide fom  
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while the 5-mercapto CM P residues remained 

bound in the 0 g̈0nucle0tide ffactions̈ “． 

Thus， it is也c polymeric(or， at least， 

oligomeric)form of MPC which appears to bc 

responsible fo r the antitumor action． 

As to its mechanism of action， M PC 

may act Intrace11ular1v in scvera1 ways． In our 

previous studies， wc have shown conclusively 

that 1) MPC and 

polynuclcotides bind m ore 

other thiolated 

s~ongly to the 

tem plate sites of certain DN A and RN A 

polym erase s tl1an do thc functiona1 

templates； 2) they do not funcfion as 

templates； and 31 they arc potcnt inhibitors of 

thege polymcrase s．reversible with the func- 

tional templates(。· ，l】)- therefore．they were 

termed 。antitem plates ． An additiona1 

mechanism m ay also bc considered since M PC 

should bc capable of binding to poly(dC)· 

poly(dG)tracts within thc doubic-stranded 
DNA bv triple helix formation( ) or 

alternately， to poly(G)tracts of the mRNAs 

by antisense—typc sequentia1 base- match． 

ins， causing translation arrest(15)- Notwith． 

standing its sensitivity to hydrolysis by 

ribonucleases， the inactivity 0f poly(c)， 

howcver， tends to negate thc involvemcnt of 

tllis additiona】mec hanism for which so far in 

tllis case no evidence exists． 

On thc other hand． the greater activity 

of the 。partially thiolated m0n0nucle0 de 

(sh)cMP+CMP)as compared to the pure 

5--mereaptocytidine may indicate that the lat． 

ter is such a poor substrate for the kinases that 

even 血 e extra-cellularly administered 5- 

mereapto—CM P。 despite its pre sum ably 

unfavorable mem brane transport， is a more 

active inhibitor than the nucleoside． Therc- 

forc， thc possibility cannot bc excluded that 

M PC m ay act by releasing the 

5-mercapto—nuclcotidc intracellularly in an 

activated fo rm ． 

Thc cell lines used in the present study are 

ic．h~ively insensitive to inhibition by the 

· ll9· 

unmodified poly(I ·pol,y(C)t ．Thc fact出at 

they are significantly inhibited by poly(I)· 

M PC imphes th at M PC retains its direct 

antitumor action after annealing to poly(I)． 

Poly(I · MPC is more stable to blood 

nuclcases than is M PC ． Thercfo re even 

disregarding its previously demonstrated 

immun0m0du1at0rv activities~5,10)， it could bc 

used at 1east as a more effective form for thc 

administration of M PC． Thc action of M PC 

inside th e cells is relativeh fast sinee 7 ％ inhi— 

bition of DN A synthesis is observed between 2 

and 6 h after addition of M PC to tumor 

cells． Thc inhibition increases to 91％ when 

M PC is allowed  to act in the cells for 5 d． 

W hcthcrⅡle inhibition of the cellular in corpo． 

ration of『jH]thymidine into DNA is thc cause 

or a consequence of the cytotoxicity of M PC 

could not bc determined  in this study． M ore 

detailed  investigati0ns 0f the modcs of action 

0f this class of mcfcapt0p01ynucje0tides is 

continuing in our laboratories． 
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提 要 观察 藏 聚胞 MPC对人癌 细 胞株 ：肺癌 

A549．大肠癌 HT-29 骨内瘤 H0s和人羊膜细胞株 

WISH 的抗增殖和细胞毒作用，并与琉聚肌施(Poly 

I·MPC )~比较，MPC明显抑制以上细胞增殖．其 
Ic∞分别为 7，24，33和 35州 ·m1～．细胞毒 的 

Ic卯为 I64，174，210和 290／*g-m1～，以古量耜 

比，MPC作用较 PolyI·MPC为强，与骧单核苷酸 

(5—琉 CMP+CMP)及琉棱苷(5—琉胞苷)相比则更强． 

MPC抑髑 A549细胞m HdR播人 DNA的结果与其 

抗增殖括性相一致 
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