
STUDIES ON THE INTERACTION OF 
NEOCARZINOSTATIN WITH RAT LIVER DNA 

IN VIVO AND IN VITRO 

Abstract Administmtion of neocarEnostatin INCS) (IO pp g) intravenously through the tail win caused 
strand breaks in DNA of both resting and regenerating li\cr as measured bq sedimentation in ;1n 
alkaline sucrose gr-adlcnt. Howewr. such fragmentation could he largely prcvcntcd by perfusing hcforc 

squashing the liver: the inhihition appears to bc mow in the resting compared to regenerating II\CI-. 
F’urthcrmore. when NC‘S w:ts given intraperltoncally (IO/cg;g) cithcr at I or 4 hr before killing. it 

did not cause ctl-and breaks in Il\cr DNA. Rat liver nuclear suspensions. which consist of Intact 
nuclr~ with little cytoplasm. when incubated uith NCS (2 ,lg, ml of incubation mixture). resulted in 

cxtcnsi\c strand hrcakagc in liver- DNA. These results suggest that NCS may not penetrate the wting 

IiwI- cell. at Icast not rapldly. and that the obssrwd DNA strand breaks may bc largely due to 
the interaction of the circulating drug in the portal blood with DNA in rifro at one or more htcps 
during the preparation and analyw of the li\cr cell DNA. Heat denaturation of NCS abolished the 

property of fragmentation of DNA. 

Ncocarlinostatin (N(X). an acidic protein isolated 

from .Str~~~lor~~~~~~.~ cvr,‘rirlostclti~l/.s [ I.31 is active 
against some experimental tumors in mice [l.i]. 

Phase I clinical trials in Japan appear to indicate that 
NCS is effective in the treatment of certain solid 
tumors [4]* and leukemia [S]. NCS has been shown 
to inhibit DNA synthesis in SwcGrr /ulur[6]. 
L1210 [7] and HeLa [X] cells. At high concentrations 
in .Swcifm /~/fetr. this drug induces degradation of 
DNA into acid-soluble nucleotidcs [9]. Recently. 
NC’S has been shown to cause DNA strand scissions 
in HeLa [S] and L1210[7.10] cells and in SV40 [X] 
and calf thymus [IO] DNA irl 13irro. 

During the past few years. it has been dcmonstratcd 
that several carcinogens of low, molcculal- weight in- 
duccd strand breaks in liver DNA in I-irn[Il 141. 
In kicw of the reactivity of NCS with DNA ;,I ri~ro 
and its possible importance in clinical therapy. it 
bccamc of interest to see whcthcr NCS GILISCS li,ct 
DNA strand breaks in an intact animal. The results 
prescntcd in this communication indicate that NCS 
dots not induct liter DNA strand scissions in riro. 
at lcast not rapidly. but does CBLISL‘ strand breaks irl 
rirro during incubation of the drug with a liver nuc- 

lear suspension. 

White male Wistar rats (Catworth Farms) weighing 
1oOg were partially hepatectomizcd according to the 

* K. Matsumoto and K. Nakauchi. National Cancer 
<‘cnr~,~-. Tokyo. personal communlcatmn. 
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procedure of Higgins and Anderson [IS]. The liter 
DNA was labeled with thymidine-methyl[“H] (sp. 
act.. 20 Ci/m-mole) (New England Nuclear. Boston, 
Mass.) during liver cell regeneration [16]. The ani- 
mals were used after a recovery period of 2 weeks. 
at which time the liver had returned essentially to 
a quicsccnt state 1171. Two-tenths ml of OY,, NaCl 
or 0.2ml of 0.9”,, NaCl solution of highly purifcd 
NCS [ 181 was administered cithcr intraperitoncally 
or intravenously through the tail bein. After 30 min 
the animals were anesthctizcd with ether. and the 
livers were excised with or without perfusion iu siru 
with about 20ml of the cold (IO ) squash solution 
(0.024 M EDTA and OG75 M NaCI. pH 7.5) through 
the portal vein with a syringe. The inferior \cna cava 

was cut to facilitate the perfusion of the liver. 
Pw/wYlfior7 qj rdmrr .s~/,s/‘Lvl”ior7 trrd tr,ltr/J3;.\ qf 

DA’4 011 crlktrlim~ .sI~c~Y~.s~~ qdic~r7t. The liver was 
quickly removed and dropped into a tube contaimng 
cold squash solution. Approximately 1 p of the liver 
was placed in a cold petri dish along with 2 3 ml 
of squash solution and gently squashed with a spatula 

or a fork with bent tines. The suspension was ccntri- 
fuged for 1 min at 500 rev,‘min at 4 in an Interna- 
tional model PR-6 refrigerated centrifuge. The super- 
natant. which contained cssentiall) intact nuclei with 
very little cytoplasm. was used for the analysis. DNA 
was released by alkaline lysis irk .\itlr on top of the 
alkaline sucrose gradient. The alkaline lysing solution 
consisted of 0.1 M Tris-HCI buffer. pH 12.5. contain- 
ing 0.03 M EDTA, 0.3 M NaCl and @5”,, SDS. After 
a lysing period of 30 min at 25 . the gradients were 
centrifuged for 30 min at 25.000 rcv,min at 20 in a 
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Spinco SW40 rotor. C‘ollcction of fractions from the 
gradients and the detcl-minatiun of acid-precipitablc 
radioactivity in these fractions wcrc pcrformcd 35 dc- 

scribed earhcr 1161. 

Sucrose gradients WI-~ calibrated using DNA from 
T,. T: and SV40 nicked circles. Molecular weight 

values higher than T, phage-DNA arc eutrapolatcd 

from the sedimentation pattern of DNA of SV30. T- 
and T, phagcs [I!)]. 

ItKu/Xrrio,l of’rtrl lirw /Iuc~/rYrr .\I/s/‘c’,I.\io,r wit/1 \(‘S. 
To 0.1 ml of liver nuclear suspension was added an 

equal \olumc of squash solution alone or with tither 

NC’S 2 /lg. or heat-dcnaturcd NC’!? ‘0 /cg’ml of incu- 
bation mixture. After an incubation period of 30 min 

at 75 . an aliquot of the incubation misturc was Iyxi 
on top of an alkaline wcrosc gradient and anal~~d 

for sir’t’ distribution or the DNA. 

The term single-strand break‘ is used opcrntionallq 
and refers to slowly aedimenting DNA in an alkaline 
sucrose gradient. The elrcct of NCS on the sedimen- 
tation of liver DNA in itlkaline sucrose gradient is 
shown in Fig. I. The DNA from control perfused live1 
sedimented mostly into the 1.3 M sucrose cushion at 
the bottom of the gradients. This DNA v,as found 

to be single stranded as judged by physical and elcc- 
tron microscopical c~ai~ination and by the suscopti- 
hility toward S, nuclcasc [l9]. In contrast. the li\cI 
DNA from the rat that rccci\ed NCS intravcnousl~ 
(lOllg;‘g) 30 min before killing exhibited SIOWCI- sedi- 
mentation. However. such slower sedimentation of 
liver DNA was not ohscrvcd when the drug was 
administered intraperitoneally ( IO pg/gI either at I (11 

4 hr before killing (data not presented). 
These obserwtions. coupled with the rclati\cI! 

large molecular weight of the drug (IO.700 daltons). 
suggested that the hepatic DNA strand breaks 
observed when the compound was given intra- 
venously might not rcprcscnt the interaction of NC‘S 
with liver DNA in riro. Rather. the strand breaks 
could well he a co~~sequc~m of direct interaction of 
the DNA with the residual drug present in the hcpatic 
blood irk rirro either during or following the prep- 
aration of the nuclear suspension. To stud! this ~OSSI- 

bility. the following cxpcrimcnts were carrlcd out. El- 
pcrimcnt I : NCS (IO /[g/g) was given intravenously 
and the rats wcrc killed 30 min later. The liwr was 
perfused I 2 min before killing. Sedimentation analy- 
sis of DNA from such a li\cr clearly indicated that 
the DNA behaved like that from a control li\cr (Fig. 
I ). The small dcgrcc of fragmentatior, of DNA seen 

in the perfused l&r may be due to the traces of NCS 
that could not bc rcmovcd by perfusion. Experiment 
7: In contrast to resting liker. dividing tolls such as 

HeLa [K] and LlI!lO 17.101 cells exhihitcd DNA ft-ag- 
mentation upon incubation with NCS. This raises the 
question of whether NCS would cause DNA stl-and 
breaks in rcgcnerating rat li\er. To study this. rats 
were partially hcpatcctomilcd [ 15). and 21 hr later 
(during the S phase) the li\cr DNA was labeled with 
tritiatrd thymidinc. After 4 hr. when the ncwl! labeled 
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DNA bccomcs elongated and band\ near the bottom 
of the sucrose gradient [XI]. NCS was administered. 
The results presented in Fig. 7 clearly indicate that: 
(a) intravenous administration of NCS CLIIISCS strand 
breaks in regenerating liter DNA. and (b) pet-fusion 
of the li\er I 2 min prior to killing inhibits the frae- 
mentation of lihcr DNA. Howe\cr. the cstcnt of inh\- 
bition does not appeal- to IX as much as that hecn 
with resting liver. wggcsting that rcgcnerating liw 
may be more permeable than resting liter tov+ard 
NCS. It is also possible that the residual NC’S (left 
o\er in the li\er after perfusion). if any. ma; induce 

more extensi\c damage in DNA of regcncratlng ti\ct 
than in that of resting li\er. because the newI> made 
DNA (4-hr pulse) in regenerating li\er may hc di#cr- 
ent from the DNA of resting li\er (DNA labeled 2 3 
weeks carlicr) in its G/c. packaging hith historic\. 
nonhistone protems and w forth. Hcncc. it \vill IX 
difficult to draw anj conclusion Iregarding the ditTu- 
ential permeabititl of resting and regeno~wting liw 
toward NCS. Further. the possihilitj that NCS can 
exert its effect by binding to the membrane without 
cntcring the cell cannot lx rtilcd 0Ut. Such ;I 

mechanism was postulated for the inhibitory action 
of hepatic cholanc on DN.4 b!.iithcsis [Zll. 
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Fig. 2. Srdimcntation PI-ofilcs in alkaline sucrose gradicnta 

of DNA of regenerating Iivcr of rats given UY”,, NaCl 01. 

0.9”,, NaCl containing NCS. Eighteen to 21 ht- follo&ing 

partial hcpatcctomy. rats wcrc given 400 /tCi of [‘H]thymi- 

dine. Four hr later. either 0.2 ml NCS (IO pg:g) or an equal 
votumc of O,Y”,, NaCl was gi\cn intravenously. All the rats 

were killed 30 min thcrcaftcr. One group of rats Ircw\ed 

NC’S and wore not perfubed (A A). The other t\\o groups 

rcceited either (IY”,, NaCl (0 0) or NCS (O- -.O) and 
the li\ers were perfused I 2 mln prior to killing. I:ach 

gradient represents one animal. On the average. the per- 
centage of acid-prrclpitabte radioacti\itq reco\ewd in frac- 
tions I ~5, 6~13 and I4 IX LLX 42 _+ 3. 30 2 6 and 2Y k 5. 
respectively (alerage of six eradlents). for the hcpatic DNA 

of perfused control rats: I7 f 3. 38 f 8 and 51 i IO for 
the liver DNA of rata given NCS without perfusion ta\er- 

age of three gradients). and 24 & 3. 39 _+ 9 and 38 i 7 

for the DNA of perfused li\er of rats fi\en NCS (average 

of ti\c gradients), Total acid-precipitable radioacti\ it! rc- 

colercd from each gradient was as follo\vs: control. 
II90 cpm: NC’S followed by perfusion. 760 cpm: and NCS 

f~~llowcd b! no perfusion. 300 cpm. 

Experiment 3: NCS was incubated in r,irro with rat 
liver nuclear suspension. The results presented in Fig. 
3 clearly demonstrate that NCS can cause DNA 
strand breaks under such conditions. In two exper- 
iments, the liver nuclear suspension. after incubation 
for 30 min with NCS. was diluted with 5,Oml of 
squash solution and centrifuged at 1000 rev;min in 
an International model PR-6 refrigerated centrifuge 
to remove any unreactcd NCS. Sedimentation analy- 
sis of the DNA of the pelleted nuclei in the alkaline 
sucrose gradient indicated that rcmo\al of the un- 
reacted NCS, if any. from the incubation mixture did 
not decrease the fragmentation of liber DNA by this 
agent. 

In an attempt to understand the mechanism of 
action of NCS on the fragmentation of DNA. heat- 
denatured NCS was incubated wjith liver nuclear sus- 
pension in tw-o experiments. The results in Fig. 3 indi- 
cate that ecen at a concentration of ZO,~g,,ml. hcat- 
denatured NCS did not cause liver DNA fragmcn- 
tation. This observation was not uncxpccted since 
NCS possesses a bery tightly folded conformation. 
which probably consists to a considerable extent of 
the P-pleated sheet type of protein [1X]. 
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Fis. 3. E&t of addition 111 rifw of NCS and heac-dena- 
turod NC‘S to the rat li\er nuclear suhpension on the sedi- 

mentation profiles of DNA in alkaline sucrose gradients. 

To 0.1 ml of li\er nuclear suspension L%;IS added: (1) an 

equal \oIumc of the squash solution (0 01: (2) tt1c 

squash solution containing NCS (2 ~cg ml of incubation 

mixture: 0 0); (3) heat-denatured NCS (2O/~gml: 

A A). After an incubation period of 30 min at 25 . 
an atiquot of the nuclear suspcnslon was Iysed on top of 

an alkaline sucrose gradlent. Each gradient repwents one 

incubation. On the avcragc the perccntagc of acid-precipi- 
table Iradloacti\ity recoiercd in fractions I 5. 6 I3 and 
I4 I8 &as 75 _t 6. 20 i 4 and 4 i 09. rrapectt\ely (a\cr- 

age of six cxperimcnts). for (I): 7 * 3. XI & 5 and I2 * 1 
(aberage of sewn sxperiments) for (2): and 67 k 7. 25 : 5 

and 8 + I (arcrage of three expcrimcnts) for (3). Total acid- 

precipitable radioactl\it\ recovered from each gradient ~a5 

as follows: control, i61 cpm: incubated with NCS. 

1316 cpm: and incubated aith heat-denatured NCS. 
233 cpm. 

It is interesting to note that incubation of NCS 
with EDTA-treated Eal~ichicr &i cells resulted in 
fragmentation of the DNA [9]. However. NCS did 
not cause fragmentation of DNA if the cells were not 
pretreated with EDT.4 [9]. These results indicate that 
E. co/i ccl1 wall or membrane may not be permcablc 
to NCS. A phenomenon analogous to that observed 
with NCS was recently reported by Cox (11 r/l. [2?] 
with the glycopeptide bleomycin. DNA strand 
damage was not seen in animals gilen bleomycin if 
the li\er was perfused before preparing the liyer for 
Iysis. 

Even though the mechanism by which NCS C~LISCX 

DNA strand breaks is not clear, the results presented 
in this communication suggest that: (1) NCS may not 
penctratc the resting liver cell, at least not rapidly. 
and (2) unlike the liter cell tnembranc, the nuclear 
membrane under the conditions employed appears to 
bc permeable to NCS. From the chemotherapeutic 
viewpoint. the Inability of NCS to interact irl riw 
with DNA of resting hepatocytes. in contrast to the 
apparent though limited interaction with proliferating 
cells such as tumor cells [7,8.10] and rcgcnerating 
li\er. is of considcrablc interest. 
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