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ISOLATION AND STRUCTURE OF 
CEPHALOSTATINS 10 AND 1 1 

GEORGE R. PETTIT,* JUN-PING Xu, MCHAEL D. W w ,  NIGEL D. CHRISTIE, 
DENNIS L. DOUBEK, JEAN M. SCHMIDT, 

Cancer Research lnstitute and Department of Chemistry, Arizona State University, 
Tempe, Arizona 85287-1 604 

and MICHAEL R. BOYD 

Laboratory of Drug Discwey Resurch and Development, DTP, DCT, National Cancer Institute, 
FCRDC, F&icR, Maryland, 21 702-1201 

AsSTILia'.-Further investigation of antineoplastic constituents from the marine worn 
C@balodircus gilchristi, employing a 450 kg re-collection from the Indian Ocean (Southeast 
Africa), has led to isolation and structural determination of two previously undetected members 
ofthe cephalostatin series, designated cephalostatins 10 141 and 11 151. Structural analyses were 
conducted primarily employing high field 2D n m r  and high resolution mass spectral techniques. 
All the stereochemical assignments were deduced using the original X-ray crystal structure of 
cephalostatin 1 and ROESY 2D nmr methods. Both cephalostatins 10 and 11 strongly inhibited 
growth of a series of important human cancer cell lines. 

Marine organisms continue to be a rich source of many unusual steroids, and a 
considerable number have been investigated chemically and pharmacologically (2-1 1). 
As part of our extensive twenty-year investigation of antineoplastic constituents in the 
tube-inhabiting marine worm Cepbalodisczs gilcbristi (12), a member of the class 
Pterobranchia (phylum Chordata, Hemichordata subphylum), the remarkable disteroidal 
alkaloids, cephalostatins 1-9, were discovered (12-15). They were found to have 
exceptionally potent activity against a series of human cancer cell lines and the murine 
P-388 lymphocytic leukemia cell line (PS system) (1 5 ) .  Among them cephalostatins 1 
111 and 7 C31 proved to be the most powerful cell growth inhibitors against P-388 (ED,, 
1 O-'-l 0-9 pg/ml). Further PS cell line activity-guided investigation of C. gilcbristi 
employing a 1990 scale-up re-collection (450 kg, wet wt) has led to the discovery of two 
new disteroidal alkaloids, herein named cephalostatins 10 141 and 11 151. Both display 
considerable in vitro cytotoxicity against a very important series of human cancer cell 
lines. A description of the isolations and complete structure determinations of these new 
cephalostatins follows. 

C. gilcbristi was again collected by scuba (ca. -20 m) in the Indian Ocean off 
Southeast Africa. After extraction and preliminary solvent partition separations, the PS- 
active (ED,, 2.5 X lo-' p,g/ml) CH,Cl, fraction was successively partitioned (16) 
between MeOH-H,O (9: 1) and hexane, then diluted to MeOH-H,O (3:2) and extracted 
withCH,CI, (16). TheresultingCH,CI, fractionsignificantlyinhibited(ED,,4.4X lo-, 
pg/ml) the P-388 leukemia. Initial gel-permeation chromatographic separations of this 
fraction on Sephadex LH-20 in MeOH and again with CH,Cl,-MeOH (3:2) as eluents 
led to a further concentration of activity. Further separations were achieved employing 
successive partition chromatographies on Sephadex LH-20 [hexane-toluene-MeOH 
(3:1:1), hexane-iPrOH-MeOH (8:1:1), and hexane-CH,Cl,-MeOH (5:1:1)} to give 
several fractions rich in the active components. Final purification by reversed-phase hplc 
(C-8) using MeCN-MeOH-H,O (10:10:12) as eluent afforded cephalostatins 10 141 
(14.6 mg, 3.24X10-6% yield) and 11 151 (6.1 mg, 1.36X10-6% yield). 

'Antineoplastic Agents series number 271. For part 270, see Berkow et ai. (1). 
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1 R=R’=H 
2 R=OH,R’=H 

3 

4 R=OMe,R’=H 
5 R=H,R’=OMe 

Cephalostatins 10 141 and 11 151 were obtained as colorless amorphous powders. 
Both were optically active and exhibited uv absorptions at 289 (log E 4.08) and 304 
(shoulder) nm, which suggested the presence of a pyrazine ring system typical of the 
cephalostatins. Hrfabms results indicated that pyrazines 4 and 5 both corresponded to 
mole~ularformulaC,,H,,N~O,~with{M+H1+at 957.5492 and957.5474,respectively 
(calcd 957.5491). The ‘H-nmr, 13C-nmr (Tables 1 and 3) and fabms spectra of 
cephalostatins 10 and 11 suggested structures similar to cephalostatin 2 {2} with an 
additional OMe. Interpretation of the cephalostatin 10 nmr showed that signals earlier 
(1 3)attributed to the “left-side” steroid unit in cephalostatin 2 all appeared to be normal. 
However, for the first time, the “right-side” steroid unit was found to differ from that 
of all other cephalostatins. 
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TABLE 2. Cmhdostatin 10 14’1 NOe Effects from ROESY (500 MHz. in C.D.N). 

Proton 

H - l a  . . . . . 
H - l P . .  . . . 
H - 4 a . .  . . . 
H A P . .  . . . 

H-6a . . . . . 
H - 6 P . .  . . . 
H - 7 a . .  . . . 
H - 7 P . .  . . . 
H - 8 P . .  . . . 

H-Sa .  . . . . 

9-OH. .  . . . 
H - l l a . .  . . 
H - l l P . .  . . 

H-15 . . . . . 

H - 1 6 a . .  . . 
H-16P . .  . . 
H - 1 7 a . .  . . 

H-18 . . . . . 
Me-19 . . . . 

H-20P. .  . . 
Me-21 . . . . 
H-23P . .  . . 
H - 2 4 a . .  . . 
H-24P . .  . . 
Me-26 . . . . 
Me-27 . . . . 

_ _  
Left side 

6 

3.74 
2.99 
3.06 
2.73 
2.55 
1.70 
1.48 
2.02 
1.90 
2.75 

5.97 
2.96 
3.31 

5.57 

2.27 
2.92 
2.80 

4.14 
0.98 

3.18 
1.39 
4.83 
1.94 
2.35 
1.47 
1.40 

nOe 

H-Sa, 9-OH 
Me-19 
H-5a, H-6a 
H-6P 
H- la ,  H-4a, H-6a 

HAP, H-8& Me-19 
HAa ,  H-Sa, H-7P 

H-15 
H-15 
H-6P, H- l lP ,  H-18, 

H- la ,  H - l l a ,  H-Sa 
Me-19 

H-8P, H-18, Me-19 

H-7a, H-7P, H-16P 
H- 16a 

H-15, Me-21 
H-lba,  Me-21 

H - l l P ,  H-8P, Me-27 
H-lP,  H-6P, H 4 3 ,  

H-2 1 

H - l l P  
H-17a, H-21 
H-l7a,  H-16a, H-16P 
H-24P 
Me-26 
H-23a, Me-27 

H-24P, H-18 
H-24a 

Proton 

1-OMe . . 
H-1P. .  . . 
H-4a. . . . 
H-4P. .  . . 
H-Sa. .  . . 
H-6a.  . . . 
H-6P. .  . . 

H-7P. .  . . 
H-8P. .  . . 

H-7a.  . . . 

H - 9 a . .  . . 
H - l l a . .  . 
H - l l P . .  . 
H-12a. .  . 
H-15. .  . . 

H - l 6 a . .  . 

17-OH . . 

Me-18.. . 
Me-19..  . 

H-20P.. . 
Me-21 . . . 

H-24a. .  . 
H-24P..  . 

Me-27 . . . 

H-23a. .  . 

H-26. . . . 

6 

3.50 
4.15 
3.00 
2.61 
2.27 
1.52 
1.28 
1.34 
1.64 
2.13 

1.86 
2.12 
1.85 
4.24 
5.62 

5.24 

6.23 

1.34 
0.7 1 

2.87 
1.35 
4.81 
2.70 
2.35 
3.76 
1.63 

Right side 

nOe 

H-9a, H - l l a ,  H-1P 
Me-19, H - l l a ,  la-OMe 

H-6P, Me-19 
H 4 a ,  H-6a, H-9a 
H-4a, H-Sa, H-7a 
H-4P, H-7P, Me-19 

H-Sa 

H-Sa, H-9a, H-15 
H-15 
H-6P, H-7P, H - l l P ,  

Me-18, Me-19 

H-12a, H-9a, H-1P 
H-8P, Me-18, Me-19 

H-7a, H-7P 

H - l l a ,  H-l2a,  H-Sa 

H-9a, H - l l a  

H-15, 17-OH 

H-23a, H-l2a,  H-16, 

H a p ,  H- l lP ,  H-20P 
Me-2 1 

H-lP, HAP, H-6P, 
H-8P, H - l l P  

Me-18 

Me-21, H-24a, 17-OH 

Me-27 
H-24a, Me-27 
H-26, H-24P 

H-23a, 17-OH 

H-23a 

Thecephalostatin 10 E47 H,H-COSY, TOCSY, and XHCOSY 2D nmr experiments 
indicated that four spin systems, -CH,-CH-CH,-CH,-CH-CH-CH,-, =CH-CH-0-, 
HO-CH-CH,-, and CH,-CH-, were present in the “right-side” steroid unit, analogous 
to cephalostatins 1-9. But one signal (lH 4.15 ppm, s) related to a carbon (13C 83.38 
ppm, d) showed that all the carbons adjacent to this carbon were quaternary and the 
spectral relationships due to C-9 (‘H 0.80 ppm, m related to I3C 53.00 ppm, d) of 
cephalostatins 1-9 had disappeared. Hmbc cross peaks were observed between the single 
proton at C-1 and C-10 (6 40.66, s), C-5 (6 35.14, d), C-2 (6 149.90, s), C-3 (6 147.55, 
s), C-19 (6 11.06, q), as well as with the OMe (6 57.31, q). Therefore, this signal was 
assigned as H-1 and the methoxy group was located at the C-1 position of the “right- 
side” steroid unit. 

As recorded in Table 2, the 2D rotating Overhauser spectrum (ROESY) (17) of 
cephalostatin 10L4fshowednOe’s betweenH-l(64.15)and theMe-19, H - l l a a n d  the 
1-OMeaswellas betweenthe l-OMeandH-9a,andbetweentheH-llaandH-l. Such 
data indicated the H-1 must be above the face of the ring whereas the 1-OMe must be 
in a pseudoaxial position below the face of the ring (Figure 1). Based on our earlier X- 
ray crystal structure determination of cephalostatin 1, this evidence completed the 
stereochemical assignments for cephalostatin 10. 

All the cephalostatin 11 151 nmr signals were analyzed using APT, ‘H, ‘H-COSY, 
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FIGURE 1. Partial nOe correlations in the right side 
AIB ring unit of cephalostatin 10 [41. 

TOCSY, HMQC, and HMBC techniques and clearly indicated that nmr signals due to 
the “right-side’’ steroid unit in cephalostatin 11 151 were the same as those found in 
cephalostatins 1-9. In addition, three spin systems, -CH,-CH-CH,-CH,-CH-, =CH- 
CH,-CH-CH-CH,, HO-CH-CH,, that were identified in the “left-side” steroid unit of 
cephalostatin 11 E51 were the same as shown by cephalostatin 10 147. Since the proton 
attached to C-1’ (6 85.84, d) gave a singlet signal (6 4.58), the methoxyl group was 
placed at C-1’ following the series of deductions already summarized above for 
cephalostatin 10. Meanwhile, this result was confirmed by the long-range coupling 
interactions seen in the HMBC spectrum, (cf. Figure 2) between H-1’ and 1 ’-OMe, H- 
1’ and C-lo’, and Me-19’ and C-1’ (Table 3). Furthermore, the 13C chemical shift ofC- 
9’ was observed downfield approximately 1.5 ppm compared to that of cephalostatin 10 
141. From this evidence it was assumed that the methoxyl group at C-1’ had the a 
configuration, and this was further suggested by hydrogen bonding between the 
methoxyl at C-1’ and the hydroxyl at C-9’ (see Figure 3). ROESY interactions between 
H-1’P and Me-19’ as well as between l’a-OMe and H-5’a, H-l l ’a  and 9’a-OH 
confirmed this stereochemical assignment (Figure 3). 

The remaining nOe correlations arising from cephalostatins 10 and 1 1 were similar. 
The nOe effect between H-12 and H-9a in the “right-side” unit established the 12-OH 
P configuration. NOe’s detected between H-23 and the Me-2 1 as well as 17a-OH in the 
“right-side” unit suggested that the 23-OH should have the p configuration. Also, in 
the “left-side” unit the Me-21’ showed ROESY correlations to H-17a, H- lba ,  and H- 

FIGURE 2. Selected NB ring nOe correlations in the left side 
unit of cephalostatin 11 151. 
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6 

2.60 
3.10 
2.95 
2.62 
1.59 

1.70 
2.07 

2.05 
1.77 
4.05 
4.70 

1.32 

0.87 

5.64 

5.24 

6.23 
1.33 
0.76 

2.82 
1.35 
4.81 

2.36 
3.76 
1.64 

2.75 

59 

nOe 

H-Sa, H-9a 
Me-19, H - l l a  
H-5a 
Me-19, H-6P 
HAa ,  H-9a 

H-15 
Me-19, Me-18, H - l l P  

H-1P 
Me-19, Me-18 
12-OH, H - l l a ,  H-9a 
Me-18, H-12a 

H-15 

H - l a ,  H-12a 

H-7P, H-16P, H-7a 

H-15, 17-OH 

Me-21, H-16a 
H-8P, H - l l P  
H-lP, H-4P, H-8P, 

H - l l P  
Me-21, Me-18 
H-23a, H-20 
Me-21, H-24a 

Me-27 
Me-27, H-24a 
H-26, H-24P 

H-23a 

 FIGURE^. Hydrogen bonding between the C-1’ 
methoxyl and the C-9’ hydroxyl in 
cephalostatin 11 {SI. 

16p. Other nOe experiments (Tables 2 and 4) confirmed the stereochemical relation- 
ships (Figures 4 and 5 )  of cephalostatins 10 and 11 to cephalostatins 1 and 2. 

In the U.S. National Cancer Institute’s (NCI) new in vitro, human cancer focused 
evaluation system (18-21), cephalostatins 10 1-41 and 11 E51 proved to be very potent 
and selective. Comparative antitumor evaluations of cephalostatins 1 111, 10 147, and 
11 153 in the NCI’s disease-oriented, in vitro primary screen (19) revealed an overall 
potency of 4 and 5 approaching that of 1 and mean graph profiles (18,20) of 4 and 5 

TABLE 4. 

Proton 

1-OMe . . . . 
H-1P . .  . . . 
H A a . .  . . . 

H - 5 a . .  . . . 

H - 7 P . .  . . . 

H - 4 P . .  . . . 

H - 7 a . .  . . . 

H - 8 P . .  . . . 
%OH. .  . . . 
H - l l a . .  . . 
H - l l P . .  . . 

H-15 . . . . . 

H - 1 6 a . .  . . 
H-16P . .  . . 
H-17 . . . . . 
H-18 . . . . . 
Me-19 . . . . 

H-20 . . . . . 
Me-21 . . . . 
H-23P . .  . . 
H-24a.  . . . 

Me-26 . . . . 
Me-27 . . . . 

H-24P. . . . 

NOe Effects Displayed by Cephalostatin 11 [SI from ROESY (500 MHz, in C,D,N). 

6 

3.35 
4.58 
3.20 
2.65 
2.00 
2.07 
1.85 
2.65 
5.70 
2.87 
3.42 

5.56 

2.31 
2.85 
2.90 
4.15 
0.81 

3.25 
1.43 
4.82 
1.93 
2.35 
1.47 
1.40 

Left side 

nOe 

H-1P, H - l l a ,  9-OH 
1-OMe, H - l l a ,  19-Me 

Me- 19 

H-15 
H-15 
H-18 
1-OMe, H - l l a  
H-1P 
H-18, Me-19, H-8P 

H-7P, H-16P, H-7a, 
H-l6a 

H-17a 

Me-21, H-20, H- l6a  
H-8P, H - l l P  
H-lP,  H-8P, H - l l P ,  

HAP 
Me-21, H-17a 
H-lba,  H-l7a,  H-20 
H-24P 
Me-26 
Me-27, H-23P 
H-24a 
H-18, H-24P 

Proton 

H - l a . .  . . 
H-1P. .  . . 
H-4a. .  . . 
H A P . .  . . 
H-Sa. .  . . 
H - 7 a . .  . . 
H-7P. . . . 
H-8P. .  . . 
H - 9 a . .  . . 
H - l l a . .  . 
H-11P..  . 
H-12a . .  . 
12-OH 
H-15. .  . . 

H-16a. . . 

17-OH . . 
Me-18.. . 
Me-19..  . 

H-20. . . . 
Me-21 . . . 

H-24a. .  . 
H-24P..  . 
H-26. . . . 
Me-27 . . . 

H-23a. .  . 

Right side 
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FIGURE 4. The stereochemical structure of cephalostatin 10 141 and principal nOe correlations. 

FIGURE 5. T h e  stereochemical structure of cephalostatin 11 [5] and strong nOe correlations. 

which were highly correlated with that of 1 (Table 5) .  The distinctive mean graph 
“fingerprint” shared by the cephalostatins is shown in Figure 6. Individual cell line 
identifiers are provided in the Experimental section. The cephalostatins demonstrate one 
of the most extreme examples of differential cytotoxicity yet encountered in the NCI 
screen (M.R. Boyd, unpublished observations); as illustrated herein, the variation in 
sensitivity among the different lines spans as much as 1000- to 10,000-fold. For 
example, adriamycin (22) typically ranges from negative log,, GI,, values of 5.9 to 8.4 
while cephalostatin 1 displays GI,, values of 7.2 to 10.6. As such, the cephalostatins 
provide an important prototype lead from the new NCI in vitro primary screen for 

TABLE 5. Results of Comparative Antitumor Evaluations of Cephalostatins 1 111, 10 141, 
and 11 151 in the NCI In Vitro Primam Screen.’ 

Compare Correlation 
Coefficient‘ 

Mean Panel GI,, Compound 

I I 

‘All compounds were tested in quadruplicate at each ofthree different concentration ranges ( lo-’, 
and 10-*M upper limits; log,,, dilutionsX5) against the entire panel of 60 human tumor cell lines 
comprising the NCI screen. 

bStandard errors averaged less than 15% of the respective means. 
‘Correlation coefficients from the Compare pattern-recognition algorithm were calculated by com- 

puter using the TGI-centered mean graph profiles of differential cellular sensitivities to 1, 4,  and 5. The 
TGI mean graph profile of 1 was used as the “seed” for the comparisons. 
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I U-Ludu-LL-Ly-f 

Ceph 1 Ccph 10 Ceph 11 

FIGURE 6. Averaged, GI,,-centered mean graphs from quadru- 
plicate testing of compounds 1,4, and 5 in the NCI 
in vitro primary screen (18-20). The tumor cell line 
subpanels are identified as follows: A (leukemia), B 
(non small-cell lung), C (small-cell lung), D (colon), 
E (brain), F (melanoma), G (ovary), H (kidney). Bars 
projecting to the right of the central reference lines 
represent the more sensitive cell lines; bars to the left 
represent less sensitive cell lines. Individual cell line 
identifiers are provided in the Experimental section. 
The scaling marks at the bottom ofeach mean graph 
represent 2 3  logl@ concentration units. 

detailed in vivo pharmacologic and xenograft evaluation against selected sensitive 
human tumor lines. 

EXPERIMENTAL 
GENERAL PROCEDURES.&~ventS were freshly distilled. Sephadex LH-20, particle size 25-100 p m  

used in gel permeation and partition column chromatographic separations was obtained from Pharmacia 
Fine Chemicals AB, Uppsala, Sweden. The tlc plates were viewed under shortwave uv light and then 
developed by 20% H,SO, or 3% Ce(S04),/3 N H,S04 spray reagent followed by heating at approximately 
150'. For hplc separations, a Phenomenex Prepex (particle size 5-20 p, 10.0 mmX25 cm) C-8 column 
was used in reversed-phase mode with Altex (Model 1 10A) solvent metering pumps and Gilson Holochrome 
HM uv detection at 288 nm. 

Uncorrected melting points were observed with a Kofler-type mp apparatus. Optical rotations were 
determined employing a Perkin-Elmer Model 241 polarimeter. The uv spectra were obtained using a 
Hewlett-Packard 8450 uv-vis spectrometer. The 'H-nmr, 13C-nmr, and APT spectra were recorded in 
C,D,NusingTMSasaninternal standard withaBruker AM-400 insttumentand ASPECT-3000computer. 
The 'H,'H-COSY, I3C,'H-COSY, TOCSY (mixing time of45 msec and 60 msec), HMQC (optimized for 
yHc= 140 Hz), HMBC (optimized for "JHc=8.2 Hz), and ROESY (mixing time of 100 msec and 150 msec) 
data were obtained using a Varian 500 nmr spectrometer. Hrfabms were obtained employing a Kratos MS- 
50 spectrometer. 

ANIW EXTRACTION AND SOLVENT PARTITION SEQUENCE.<. gdcbristz (12) was re-collected as the 
intact worm tube (coenecium) in June-August 1990 in the Indian Ocean off Southeast Africa by scuba(ca. 
-20 m). A voucher specimen is maintained in the Arizona State University, Cancer Research Institute. The 
marine worm (450 kg, wet wt) was extracted with 70% MeOH for 4 months, followed by two more 
extractions with MeOH/CH,Cl, and the CH,CI, phase separated by adding H,O. The MeOH extract was 
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concentrated and partitioned three times between CH,CI, and H,O. The combined CH,CI, extract (1.21 
kg) was successively partitioned using the system MeOH-H,O (9:1+3:2) against hexane+CH,CI,, 
respectively, to yield the active CH,CI, fraction (97 g, PS ED,, 4.4X lo-, pgiml). 

ISOLATION OF CEPHALOSTATINS 10 [4] AND 11 [5].-Bioassay-guided separation of the active CH,CI, 
fraction proceeded as follows. Six fractions (A-F) were obtained from the active CH,CI, fraction by Sephadex 
LH-20 chromatography using MeOH as eluent. Active fraction C (29.7 g; PS ED,, 2.1 X pgiml) was 
chromatographed on LH-20 in CH,CI,-MeOH (3:2) to give two main fractions (G and H). The PS cell line 
most active fraction H (PS ED,, 3.5 X pgiml) was further separated on an LH-20 column with hexane- 
toluene-MeOH (3:l:l) elution to provide nine fractions (14) .  The most active fraction M (PS ED,, 
5.3 X pgiml) was subjected to successive partition column chromatographic steps using LH-20 with 
hexane-iPrOH-MeOH (8: 1:l) and hexane-CH,CI,-MeOH (5: 1:l) as eluents. Final separation and purifica- 
tion were achieved by C-8 reversed-phase hplc techniques with MeOH-MeCN-H,O (10:10:13) as mobile 
phase. By this means two pure and PS cytostatic substances were isolated. Cephalostatin 10 [4} (14.6 mg, 
3.24X yield, PS ED,, 3.0X lo-’ pgiml): mp >300°, [a]D +80° (c=0.17, MeOH); uv (MeOH) A 
289 (log E 4.08), 304 (shoulder) nm; hrfabms mlz [M+HI* 957.5492 (C,,H,,N,O,, calcd 957.5444). 
Cephalostatin 11 [5] (6.1 mg, 1.36X10-% yield, PS ED,, 2.5X10-’ pgiml): mp >300°, [a}D +75O 
( ~ 0 . 1 3 ,  MeOH); uv (MeOH) A 288 (log E 3.96), 305 (shoulder) nm; hrfabms mlz [M+H}+ 957.5474 
(C,,H,,N,O,, calcd 957.5444). The ‘H, 13C nmr, ’H-l’C long-range correlations from HMBC and nOe 
assignments have been recorded in Tables 1-4. 

BIOLOGICAL EVALUATION.-The rationale and the technical details of how the NCI in vitro primary 
screening assay is performed and how the data calculations are applied are described elsewhere (18-20). 
Figure 6 is a composite of averaged GI,, mean graphs prepared for compounds 1 , 4 ,  and 5 ,  each tested in 
quadruplicate. The individual cell line names, in the order as arranged from top to bottom in the mean 
graphs, are provided as follows, along with the respective negative log,, GI,, values for the benchmark 
compound 1 :  CCRF-CEM (9.60), HL-60 TB (9.82), K-562 (9.37), MOLT-4 (9.70), RPMI-8226 (10.29), 
SR (9.54), A549iATCC (8.96), EKVX (7.36), HOP-18 (9.08), HOP-62 (9.68), HOP-92 (9.14), NCI- 
H226 (8.49), NCI-H23 (9.47), NCI-H322M (7.48), NCI-H460 (9.51), NCI-H522 (8.62), ULn-529 
(9.44);DMS 114(9.18),DMS273 (10.28),COLO205 (8.77), DLD-1(8.07),HCC-2998 (7.22), HCT-116 
(9.28), HCT-15 (8.47), HT 29 (8.70), KM12 (8.49), KM20L2 (8.70), SW-620 (9.52), SF-268 (8.66), SF- 
295 (10.36), SF-539 (10.09), SNB-19 (8.77), SNB-75 (l0.09), SNB-78 (9.10), U251 (10.19), XF498 
(9.23), LOX IMVI (9.62),MALME-3M (8.28), M14 (9.3 l), M19-MEL(7.32), SK-MEL-2 (9.13), SK-MEL- 
28 (9.02), SK-MEL-5 (8.46), UACC-257 (8.43), UACC-62 (9.41), IGROVl (8.66), OVCAR-3 (7.51), 
OVCAR-4 (7.85), OVCAR-5 (8.00), OVCAR-8 (7.62), SK-OV-3 (8.15), 786-0 (lO.ll), A498 (9.27), 
ACHN (8.48), CAN-1 (9.14), RXF-393 (10.6), SNl2C (7.66), TK-10 (7.03), UO-31 (8.38). 
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