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Abstract-The antitumor activity of four investigational natural products 
(camptothecin, harringtonin, cantharidin and curcumae) obtained from China 
were tested on human tumor biopsies in an in vitro soft agar clonogenic assay 
system. Significant antitumor activity was seen with camptothecin against human 
ovarian cancer and some other adenocarcinomas. Antitumor activity was also 
observed for harringtonin against adenocarcinoma and sarcoma. Both drugs also 
appeared to show activity in melanoma and mesothelioma. However, cantharidin 
and curcumae were relatively ineffective on the human tumors tested. Forpurposes 
of comparing the intensity of antitumor effects with standard cytotoxic drugs to 
those of the four new agents, the ID,, values were calculated. The ratio of ID,,s of 
new drugs to the standard agents doxorubicin, cis-platinum and vinblastine(ID,, of 
the standard drug/ID,, of tested drug) were 10.2,64.1 and 1.9 for camptothecin and 
1.5, 10.3 and 0.9 for harrington respectively. A relationship was observed between 
the duration of drug exposure (1 hr prior to plating us continuous contact in the 
agar) and inhibition of clonogenic tumor cells for camptothecin, harringtonin and 
doxorubicin. 

INTRODUCTION 

AVAILABILITY of techniques to predict clinical 
chemosensitivity of anticancer drugs has parti- 
cular importance for new agents. Recently, an in 
vitro soft agar clonogenic assay system (the 
human tumor stem cell assay) was developed 
[l-6]. It has proven useful for predicting the 
response of patients to chemotherapy. Clinical 
correlations thus far reported have shown a very 
high true-negative rate (failure of clinical 
response) of 95%, and a good true-positive rate 
(achievement of at least 50% tumor shrinkage) in 
60-70% of patients with a wide variety of forms of 
cancer [l, 5,6]. In view of its apparent clinical 
relevance and technical simplicity, the human 
tumor stem cell assay seems to have potential for 
application in discovering and developing new 
anticancer drugs. Steps at which the assay can 
potentially be useful include (a) preclinical drug 
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screening for active compounds, (b) targeting 
tumor types for clinical trials of new agents and 
(c) the final selection of treatment for individual 
patients. With regard to drugs which have passed 
preclinical toxicology testing and are new in 
phase I-II clinical trials, the in vitro assay has 
several major values: it can potentially identify 
the antitumor spectrum of drugs and, in addition, 
by simultaneous comparison with standard 
drugs, provide some idea of relative activity in 
relation to known agents. 

In recent years, research in China has placed a 
greater emphasis on natural products as sources 
for new antitumor agents [7,8]. Several new 
agents from plants or animals are in clinical trial. 
In the present study we have used the human 
tumor stem cell assay to test four natural products 
which are currently in clinical trial in China. 
Several schedules of in vitro drug administration, 
1 -hr exposure and continuous contact of cells to 
drugs were used. Simultaneously, three standard 
drugs were used as ‘positive controls’ in order to 
contrast their lethality on clonogenic tumor cells 
to the new agents. The results indicate that 
camptothecin and harringtonin have significant 
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in vitro antitumor activity in the stem cell assay 
against human ovarian carcinoma and other 
adenocarcinomas as well as sarcomas. 

MATERIALS AND METHODS 
Four natural product antitumor drugs were 

obtained from the Institute of Chinese Meteria 
Medica in Beijing: camptothecin, an alkaloid 
isolated from Camptotheca accuminata Decne.; 
harringtonin, an ester-containing alkaloid 
isolated from Cephulotaxus hainanesis Li.; 
sodium cantharidin (‘cantharidin’), a derivative 
of cantharidin which was isolated from the beetle 
Mylabris phalerata Pall.; and the oil of curcumae 
(‘curcumae’), an essential oil from Curcumue 
wenchowensis Sp. Nor. All were water-soluble 
except for curcumae, which was prepared as an 
oil-based solution with a solubilizer added so that 
it could be dissolved in low concentrations in 
sterile distilled water. All drug dilutions were 
stored at -80°C in small aliquots until the time of 
in vitro testing. Standard anticancer drugs which 
were included for comparison included an 
alkylating agent (cis-platinum), an antibiotic 
(doxorubicin) and a plant alkaloid (vinblastine). 
These standard agents were tested simultaneously 
on the same tumor specimens as the new agents. 
Each drug was tested at. three dose levels. 

Patient specimens 
Solid tumor biopsies and malignant effusions 

from a variety of human carcinomas or sarcomas 
were utilized in these studies. Tumor cells were 
studied from 12 patients with ovarian, four lung, 
four cervical or uterine carcinomas, four other 
adenocarcinomas, and two patients each with 
melanoma, mesothelioma and sarcoma. Eleven of 
the 30 patients had previously received chemo- 
therapy (6 ovarian, 1 lung, 1 uterus, 1 pleural 
adenocarcinoma, 1 mesothelioma, 1 sarcoma). 

In vitro clonogenic assay 
Two schedules of drug exposure were tested: l- 

hr exposure prior to plating, and continuous 
exposure in the agar. All drugs were tested at three 
concentrations with both testing schedules. For l- 
hr exposure 1,5 X lo6 tumor cells were incubated 
with and without the drug for 1 hr at 37°C in 
McCoy’s 5A medium with 10% fetal calf serum 
(FCS). The cells were then washed twice with 
McCoy’s 5A and prepared for culture. For 
continuous contact the drugs were incorporated 
into the upper agar layer for the duration of 
culture. 

The clonogenic assay system utilized was a 
minor modification of the method of Hamburger 
and Salmon [2]. Conditioned medium was not 
required. 

For each assay six control plates along with 
triplicate plates for each concentration of each 
drug exposure were employed for each tumor 
specimen tested. One milliliter containing5 X lo5 
cells in 0.3% agar in enriched CMRL 1066 
medium was plated over the 0.5% agar feeder layer 
in each 35-mm Petri dish. Plates were cultured in 
5% CO, in air at 37°C in a humidified incubator. 
Colony growth was checked twice weekly. 
Colonies were usually present in sufficient 
numbers for counting 14-21 days (average 18 
days) after plating. Only specimens with good in 
vitro growth were utilized. At least 30 tumor 
colonies per control plate (average: 72 with 1-hr 
exposure, 77 with continuous contact) were 
required for a drug experiment to be considered 
evaluable for measurement of drug effect. Thus 
the average relative cloning efficiency was in the 
range of 0.01%. Fresh tumor cell suspensions 
contained varying numbers of host and tumor 
cells, and absolute cloning efficiencies were not 
routinely determined. Colony counting was 
carried out with an automated image analysis 
system (Bausch and Lomb Omnicon FAS II). 
Representative plates were prepared for morpho- 
logic analysis using a dried-slide technique with 
Papanicolau staining [9]. The mean coefficient of 
variation in control plates was 22 + 12%. 

The following two criteria for in uitro 
sensitivity of cells to drugs were applied to the 
colony survival drug concentration curves: (1) a 
70% reduction in the survival of tumor colony- 
forming units (TCFU) at a relatively low drug 
dose was operationally defined as sensitivity, as it 
relates to the cut-off used in major clinical trials 
that have related in vitro and in uiuo sensitivity 
[lo]; and (2) for comparison of the relative efficacy 
of two schedules or two drugs, the drug 
concentration which would inhibit growth of 
TCFU to 50% of the control (ID,,) was calculated 
from the survival curves. The ID50 value has 
commonly been used to report results of in vitro 
studies of cellular sensitivity to anticancer drugs 
and is therefore provided for comparative 
purposes. Because of the lack of accurate 
pharmacokinetic data for the new agents, fixed 
ratios to the clinical trial doses of these drugs were 
utilized and the low dose level for the agents was 
arbitrarily set at 0.1, 0.1, 0.01 and 0.3 pg/ml with 
camptothecin, harringtonin, cantharidin and 
curcumae respectively (1 -hr exposure). 

Drug assays 
RESULTS 

Cumfitothecin sensitivity. Survival plots of 
tumor colony-forming cells after continuous 
contact or I-hr exposure to camptothecin are 
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shown in Fig. 1. Reduction in survival to 30% of 
control TCFU at the tested concentrations 
(0.0001-0.1 pg/ml) in the continuous contact 
experiments was observed on each tumor type 
except lung cancer and cervical carcinoma. There 
was definite lethality in cells from 11 of the 26 
patients, which included 4 of the 10 patients with 
ovarian carcinoma (at the 0.01 pg/ml concentra- 
tion level). With lower concentrations of 
camptothecin, sensitivity of TCFU was still 
observed in 5 of 26 and2 of 12 patientsat 0.001 and 
0.0001 pg/ml respectively. In the 1-hr exposure 
experiments, survival of TCFU for 2 of 5 patients 
with ovarian cancer was also reduced to 30% of 
control at concentrations of 0.1 and 0.01 pg/ml. 

Concentration (pglml) 

149 I 1 

0 0.001 0.01 0.1 

Concentration (pglml) 

Fzg. 1. Surzhzl of TCFU after in vitro exposure to 

camptothectn. (A) Continuous exposure of cells to the drug. 
(B) One-hour exposure of cells to the drug. Closed circles are 
data points for patients who were previously untreated, 
whereas unaccented curue inflexions and end points represent 
data points for patients who had received przorchemotherapy. 
0, Ovarmn; L, lung; A, adenocarcinoma; P, pancreas; B, 
breast; U, uterus; C, cervical carcinoma; MS, mesothelioma; 

ML, melanoma; S, sarcoma. 

Harringtonin sensitivity. Survival curves with 
harringtonin on tumor biopsies from 30 patients 
are shown in Fig. 2. The steepening of curves and 
heterogeneity of tumor sensitivity to harringtonin 
are more obvious than that of camptothecin. With 
continuous exposure harringtonin caused a 
reduction in survival to 30% of control in cells 
from 18 of 28, 10 of 27 and 3 of 28 cases at the 
concentrations of 0.1, 0.01 and 0.001 pg/ml 
respectively. The spectrum of sensitive tumors 
included sarcomas and adenocarcinomas. With 
the 1-hr exposure marked inhibition of tumor 
colony formation was noted in one pancreatic 
adenocarcinoma at the 0.01 pg/ml concentration, 
and one case each of ovarian and cervical 
carcinoma at the 0.1 pg/ml dosage. 

Cantharidin sensitivity. Tumor cells from J9 
patients with nine types of cancer were tested with 
cantharidin over a wide concentration range (Fig. 
3). In most instances only two tumors (ovarian 

Concentration (pglml) 

Concentration bglml) 

Fzg. 2. Surzuual of TCFL’ after in vitro exposure to 
harrlngtonin. (A) Continuousexposure of cells to the drug.(B) 
One hour exposure of cells to the drug. Definitions were as 

detazled zn Fly. I. 
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and melanoma) manifested sensitivity to can- Comparative activity of new agents and 
tharidin at the 0.1 E.cg/ml concentration. standard cytotoxic drugs 

Curcumae sensitivity. A total of 19 specimens 
from patients with nine types of cancer were 
evaluated for sensitivity to curcumae in the I-hr 
exposure and continuous-contact experiments 
(Fig. 4). None of 10 samples showed any 
sensitivity in continuous contact. In almost all 
instances survival of TCFU was more than 70% of 
the control. In one case there was a positive 
relation between concentration of the drug and 
survival of TCFU. On the other hand, one sample 
from a pancreatic carcinoma manifested definite 
sensitivity to the drug in 1 of 9 I-hr exposure 
experiments. 

In order to better assess the activity of the new 
agents tested, three standard cytotoxic drugs, 
doxorubicin, cis-platinum and vinblastine, were 
also tested simultaneously at similar concentra- 
tions on aliquots from the same biopsy specimen. 
The survival plots for continuous contact 
experiments with these standard drugs are shown 
in Figs 5,6 and 7. The drug concentration which 
caused 50% decrease in TCFU (IDSo) was 
calculated. Individual IDso ratios were calculated 
for each tumor tested with the investigational and 
standard agents tested. Table 1 lists the median 
IDSo ratios of camptothecin or harringtonin and 
the three standard drugs. Based on this com- 
parison, the lethality of 0.01 pg/ml of campto- 
thecin appears similar to that attained with 
0.10 pug/ml of doxorubicin. Based on the IDSo 

ratios, harringtonin had similar activity to 
vinblastine in the continuous contact 
experiments. 

Concentration (jdglml) 

Fig. 3. Suruiual of TCFU after in vitro exposure (- 
continuous exposure, _____ 1-h exposure) to cantharidin. 

Definitions were as detailed in Fig. 1. 
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Fig. 4. Survival of TCFU after in vitro exposure (- 
continuous exposure, ----- 1-hr exposure) to curcumae. 

Definitions were as detailed in Fig. 1. 

Relation of drug schedule to lethality on 
clonogenic tumor cells 

Exposure of tumor cells to drugs for 1 hr before 
plating and continuous contact of the cells with 
the drug in agar were evaluated as two different 
drug schedules. Individual IDSo ratios were 
calculated for each tumor tested simultaneously 
with each drug by 1 -hr and continuous exposure 
in vitro. By comparing the IDSo ratios of I-hr 
exposure and continuous contact for each of the 
biopsy specimens tested (5 ovarian, 3 lung and 1 
each of pancreatic, cervical carcinoma, melanoma 
and mesothelioma), we found that the median of 
ID5o ratios (1 -hr/continuous) were quite similar 
for camptothecin, harringtonin and doxorubicin 
(Table 3), with values in the range of 7.5-10. 
When we compared continuous exposure dosages 
of camptothecin, harringtonin or doxorubicin 
that were l/10 of the 1-hr concentrations, then 
identical average inhibition rates were obtained 
for each of these agents (Table 3). 

Based on these data we chose to select 
concentrations of 0.01, 0.01, 0.001 and 0.03 pg/ml 
respectively for camptothecin, harringtonin, 
cantharidin and curcumae as the boundary 
dosage levels at which to determine sensitivity of 
TCFU to those drugs in the continuous contact 
experiments. The results of sensitivity of the new 
drugs and several standard agents tested with the 
two dosage schedules are summarized in Table 4. 
Computations of the frequency of sensitivity of 
the new agents must be considered as preliminary 
and would require extended testing on a larger 
number of tumor specimens as well as correlative 
clinical trials for validation. The sensitivity of 
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ConcentraUon (pglml) 

Fig. 5. Survival of TCFC’ after in vitrocontznuousexposure to 
adriamyrzn. Definitions were as detailed zn Fig. 1. 

4 

1L 
0 0.001 0.01 0.1 1.0 

Concentration (pglml) 

Fzg. 6. Suruzual of TCFC’ after in vitro continuous exposure 
to <IS-platznurn. Definitzons were as detazlrd zn Fzg. 1. 

, II 
0 O.dOOl O.bOl O.‘Ol 0:1 

Concentration kg/ml) 

Fig. 7. Surviual of TCFU after in vitro continuous exposure 
to v~nblastzne. Definztions were as detazled in Fig. 1. 

ovarian TCFU to doxorubicin and cis-platinum 
was less than that observed in our laboratory in 
prior experiments and may relate to the limited 
sample size of ovarian tumor specimens from 
patients who had not received prior therapy with 
these agents. 

DISCUSSION 
Camptothecin, harringtonin, cantharidin and 

curcumae are currently under evaluation in 
clinical trials in China. Camptothecin exhibited 
definite antineoplastic activity against animal 
tumors and has been subjected to a number of in 
vitro studies of its cellular cytotoxicity [ll-131. 
Camptothecin was also tested for treatment of 
gastric carcinoma and other malignancies in the 
United States [14-161. However, because of toxic 
side-effects (e.g. hemorrhagic cystitis), the United 
States camptothecin clinical trials were dis- 
continued by the National Cancer Institute (NCI). 
Von Hoff has previously commented on the 
potentially premature discontinuation of camp- 
tothecin and other phase I-II agents (because of 
early difficulties with excessive toxicity, pre- 
liminary conclusions of lack of efficacy or simple 
neglect [17]). With regard to bladder toxicity, an 
analogous problem to that observed with 
camptothecin had been observed with the 
alkylating agent, isophosphamide [18]. Recent 
European trials of sodium-2-mercaptoethane 
sulfonate (MESNA) have apparently markedly 
reduced the frequency of hemorrhagic cystitis 
with isophosphamide [18], and antidotes for 
drugs such as camptothecin may be available. In 
China, camptothecin is currently in use with 

Table 1. ID,, ratios of camptothecln or harringtonin 
and three standard drugs 

Doxorubicin c is-Platinum Vinblastine 

Camptothecin 10.2 (22) 64.1 (19) 1.9 (17) 
Harringtonin 1.5 (22) 10.3 (19) 0.9 (18) 

Thedatalistedaremedianof m,,,ratio between twodrugs(~o,, 
of standard drugs/ID,, of camptothecin or harringtonin). The 
number of samples tested is shown in parentheses, 

Table 2. Ratio of ID,, (l-hr exposure/continuous 
contact) of camptothecin, harringtonin and doxorubicin 

between two schedules 

Camptothecin Harringtonin Doxorubicin 

Cases 9 11 8 
Mean 17.9 18.9 18.6 
Median 9.9 7.5 10.0 
S.E. 9.9 8.8 9.8 
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Table 3. Comparative survival of I-hr and continuous contact schedules of 
camptothecin, harringtonin and adriamycin 

Drug 

No. of 1 -hr exposure Continuous contact 
cases Concentration Survival Concentration Survival 
tested (fig/ml) (%) (&ml) (%) 

Camptothecin 13 0.1 62.8 + 11.3 0.01 62.3 k 10.2 
Harringtonin 12 0.1 74.2 ? 11.2 0.01 67.8 k 9.2 
Adriamycin 13 0.1 85.4 f 12.5 0.01 86.0 k 16.2 

Table 4. Frequency of in vitro sensitivity* of human tumor stem cells to new agents and standard drugs tested 

Continuous contact I-hr exposure 

Tumor type 

B 
3 
m 
6 
5 
8 
3’ 

Ovarian 
Lung 
Adenocarcinoma 
Pancreas 
Breast 
Uterus 
Cervical 
Mesothelioma 
Melanoma 
Sarcoma 

4/10t 
o/4 
212 
O/l 
l/l 
l/l 
o/2 
l/2 
l/2 
l/l 

l/11 O/3 o/2 l/10 o/10 3/9 1 215 l/6 o/2 o/2 o/5 
o/4 o/4 o/4 o/4 1 o/4 o/4 o/3 o/3 o/4 
212 O/l O/l o/2 O/l l/l ’ 
l/l O/l O/l O/l ’ O/l l/l O/l l/l l/l 
l/l l/l l/l l/l ; O/l O/l O/l O/l O/l 
O/l O/l l/l l/l 
l/2 O/l o/2 o/2 o/2 l/l l/l O/l 
l/2 O/l O/l o/2 O/l 

j O/l 
O/l O/l O/l O/l 

l/l O/l O/l o/2 O/l 
O/l , O/l 
l/2 , O/l O/l O/l O/l O/l 

2/2 O/l O/l O/l I 

Total 11/26 lo/27 O/8 O/8 2126 2122 8/21 2/14 3/15 o/9 l/9 l/14 

*Sensitivity criteria are tentative for the new agents (see text). 
tNumber of sensitive cultures/No. tested. 

efforts to find the appropriate dose or schedule of 
administration and thereby improve its thera- 
peutic index. Additionally, the study of derivatives 
(e.g. monohydroxycamptothecin) and a search for 
antidotes to camptothecin toxicity (e.g. mono- 
ammonium glycyrrhizinate) have been pursued 
[15, 19,201. These studies have reported that 
camptothecin may have therapeutic value in 
gastric, liver and other cancers [7,8]. A dosage of 
0.2 mg/kg by continuous infusion for lo-15 days 
was considered clinically tolerable and was 
utilized in the Chinese trials. It is important to 
point out that our in vitro studies utilized the 
same formulation of the free drug camptothecin 
as is in use in China. In contrast, the phase I-II 
studies performed in the United States [14-161 
used the sodium salt of camptothecin. When 
camptothecin is neutralized to form the sodium 
salt, the lactone ring is opened. As a result, its 
antitumor activity might be decreased and/or its 
toxicity to normal tissue (e.g. urinary bladder) 
might be increased. To address this question, 
direct comparison of these two formulations to 

assess their relative lethality against TCFU in 
uitro would be of value. In our in vitro studies 
reported in this paper it appeared that campto- 
thecin had activity in 4/10 ovarian cancers at the 
continuous-contact dose of 0.01 pg/ml concentra- 
tion. Our use of the plant alkaloid, vinblastine, as 
one of the standard drug controls for the 
camptothecin experiments provided a basis for 
some interesting comparisons of relative activity 
in ovarian cancer wherein both drugs were active 
in vitro. With camptothecin, only one-half the 
dose was required to achieve an ID,, as was needed 
with vinblastine. We speculate that a clinical trial 
of camptothecin in ovarian cancer using a low- 
dose continuous infusion (e.g. S-10 mg/m* over 
one week rather than the usual higher dose of 
44 mg/m*) might prove efficacious. 

Pharmacological experiments have shown that 
harringtonin can inhibit protein and nucleic acid 
synthesis in tumor cells and it also had 
antineoplastic activity against certain animal 
tumors [Zl, 221. Clinically, this drug has been 
tested in China only against acute myeloblastic 
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leukemia, acute monoblastic leukemia and 
erythroleukemia, and it appeared to have a 
substantial therapeutic activity at the clinical dose 
of 0.2 mg/kg/day for 5-10 days [23]. In vitro data 
from the current study provided further indica- 
tion that harringtonin might have activity in 
adenocarcinoma and sarcomas. This information 
may be of value for enlarging the antitumor 
spectrum of the drug in clinical investigation. An 
analog (homoharringtonin) has recently become 
available through the NC1 in the United States 
and will be of interest to compare with the parent 
compound. Homoharringtonin will be entering 
clinical trial in the near future, and such in uitro 
comparisons may be of value. 

Cantharidin and curcumae have been used in 
China mainly on hepatocarcinoma and cervical 
carcinoma. Their tumor-inhibiting effects were 
reported for animal tumors and in the clinical 
studies. Cantharidin interfered with the metab- 
olism of nucleic acid and protein in cancer cells 
and curcumae enhanced host immunity to tumor 
tissue [8,24,25]. However, in our in uitro 
experiments these agents were ineffective except 
in one tumor tested for 1 hr with curcumae. There 
are several possibilities for this discrepancy. 
Firstly, the number and different types of 
specimens may have been inadequate to indicate 
whether certain tumor types would be sensitive to 
these drugs. Secondly, the drugs may require 
bioactivation in uiuo to produce their antineo- 
plastic effect. Thirdly, some drugs may act as 
immunostimulants and not be active in this assay 
system. Finally, it is quite possible that neither 
cantharidin nor curcumae has significant anti- 
tumor activity. 

The procedure of continuous contact provides a 
broader test for new agents than 1 -hr exposure as 
activity of cell cycle-specific agents is unlikely to 
go undetected. The NC1 introduced the human 
tumor stem cell assay into their new drug 
screening program in 1980 and has used the 
continuous contact exposure as a first step for 
evaluating antitumor activity [26]. However, 
using the continuous exposure technique, it is not 

possible to distinguish between cytotoxic and 
cytostatic drugs. Sensitivity of TCFU to a 1-hr 
exposure does reflect true lethality as any growth 
inhibition observed persists in the absence of the 
drug. It is important to define the relationship of 
drug concentrations in I-hr exposure and 
continuous-contact studies and determine how 
best to assess the appropriate concentrations to 
predict the in uiuo sensitivity. Alberts et al. [I] 
found that the bleomycin caused markedly greater 
cell kill when given by continuous in vitro contact 
and suggested the concentration of a stable cycle- 
active drug would be less than l/200 to l/300 of 
the 1-hr exposure concentration for an accurate 
prediction of TCFU sensitivity to continuous 
drug contact. This formula is based on the total 
number of hours of exposure over the usual 8-13 
days of culture required for ovarian cancer cell 
growth in agar. In contrast, ‘cell cycle non- 
specific’ agents did not show any distinct schedule 
dependency for their in uitro cytotoxic effects. Of 
the drugs we studied, camptothecin, harringtonin 
and doxorubicin can be considered to be cell cycle 
non-specific agents. The median of IDS,, ratio of 
each drug between 1 hr and continuous was about 
10, but the mean was about 18. The median is a 
preferable basis for comparison as it is insensitive 
to extreme values. The values of medians were 
similar to those found in comparison of average 
survival rate with two schedules. When consider- 
ing the standard errors observed, we would 
suggest that drug concentrations in continuous 
exposure initially be in the range of l/10-1/40 of 
the 1 -hr exposure concentration. From the above, 
it is possible to recognize that the ‘cell cycle- 
specific’ and cell cycle ‘non-specific’ agents may 
have different values for their concentration ratios 
in 1-hr and continuous exposure studies. 
However, it is important to recognize that 
exposure time studies alone represent only 
preliminary assessments of cycle relatedness or 
schedule dependency of any given drug. Such 
leads must be followed up with more detailed 
studies of drug stability and cycle specificity using 
more precise analytic techniques. 

REFERENCES 
1. ALBERTS DS, SALMON SE, CHEN HSG, MOON TE, YOUNG L, SURWIT EA. 

Pharmacologic studies of anticancer drugs using the human tumor stem cell assay. 
Cancer Chemother Pharmacol In press. 

2. HAMBURGER AW, SALMON SE. Primary bioassay of human tumor stem cells. Science 

1977, 197, 461-463. 
3. MEYSKENS FL, SALMON SE. Inhibition of human melanoma colony formation by 

retinoids. Cancer Res 1979, 39, 4055-4057. 
4. SALMON SE, HAMBURGER AW, SOEHNLEN B, DURIE BGM, ALBERTS DS, MOON TE. 

Quantitation of differential sensitivity of human tumor stem cells to anticancer drugs, 
N Engl J Med 1978, 298, 1321-1327. 



270 T.-L. Jiang, S. E. Salmon and R. M. Liu 

5. SALMON SE. Cloning of Human Tumor Stem Cells. New York, Alan R. Liss, 1980. 
6. SALMON SE, MEYSKENS FL, ALBERTS DS, SOEHNLEN B, YOUNG L. New drugs in 

ovarian cancer and malignant melanoma: in vitro phase II screening with the human 
tumor stem cell assay. Cancer Treat Rep 1981, 65, 1-12. 

7. HSU B. The use of herbs as anticancer agents. Am J Chinese Med 1980, 8, 301-306. 
8. JIANC T-L, YAN SC, WANG SF. Recent developments in the studies of antineoplastic 

agents from Chinese herbs medicine. In: National Coofreration Conference for 
Anticancer Drugs. Chanzher, China, 1978. 

9. SALMON SE, BUICK RN. Preparation of permanent slides of intact soft agar colony 
cultures of hematopoeitic and tumor stem cells. Cancer Res 1979, 39, 1133-l 136. 

10. SALMON SE, VON HOFF DD. In vitro evaluation of anticancer drugs with the human 
tumor stem cell assay. Semin Oncol 1981, 8, 377-385. 

11. LI LH, FRASER TJ, OLIN EJ, GHUYAN BK. Action of camptothecin on mammaliancells 
in culture. Cancer Res 1972, 32, 2643-2650. 

12. KESSEL D. Some determinants of camptothecin in responsiveness in leukemia L1210 
cells. Cancer Res 1971, 31, 1883-1887. 

13. DREWINKO B, FREIREICH EJ, GO’ITLIEB JA. Lethal activity of camptothecin sodium on 
human lymphoma cells. Cancer Res 1974, 34, 747-750. 

14. MOERTEL CG, SCHUTT AJ, REITEMEIER RJ, HAHN RG. Phase11 study of camptothecin 
(NSC 100880) in the treatment of advanced gastrointestinal cancer. Cancer Chemother 
Pharmacol (Part I) 1972, 56, 95. 

15. SHANGHAI INSTITUTE OF METERIA MEDIC& ACADEMIA SINICA. Studies on the 
anticancer action of IO-hydroxycamptothecin. Chinese Med J 1978, 10, 598. 

16. WALL ME, WANI MC, COOK CE. Plant antitumor agents. I. The isolation and structure 
of camptothecin, a novel alkaloid leukemia and tumor inhibitor from Camptotheca 
accuminata. J Am Chem Sot 1966, 88, 3888. 

17. VON HOFF DD, ROZENCWEIC M, SOPER WT et al. Whatever happened to NSC? An 
analysis of clinical results of discontinued anticancer agents. Cancer TreatRep 1977,61, 
759-768. 

18. SCHEEF W, KLEIN HO, BROCK N et al. Controlled clinical studies with an antidote 
against the urotoxicity of oxazaphosphorines: preliminary results. Cancer Treat Rep 
1979, 63, 501-505. 

19. SHANGHAI INSTITUTE OF METERIA MEDICA. Studies on intravenous injection of 
camptothecin suspensoid in treatment of liver carcinoma and leukemia. Kexue 
Tongbao 1977, 22,552. 

20. WANG TM, HSU B et al. The influence of IO-hydroxycamptothecin on the 
ultrastructure of ascites hepatoma cells in mice. Chinese J Oncol 1979, 1, 193. 

21. JI XJ et al. Mechanism of action of harringtonin, a new anticancer agent. U.S.-China 
Pharmacology Symposium, Washington, DC, 29-31 October 1979. 

22. POWELL RG, WEISLEDER D, SMITH CR. Antitumor alkaloids from Cephalotaxus 
harringtonia: structure and activity. ] Pharm Sci 1972, 61, 1227-1230. 

23. CHINESE PEOPLE’S LIBERATION ARMY 187TH HOSPITAL. Chinese Med J 1977,3, 319. 
24. Gu ZT, LEE T, JIAO AH. Clinical observation on 50 cases of malignant tumor treated 

with Curcumae wenchowensis. Acta Shandong College Traditional ChineseMed 1980, 
1, 30. 

25. Lu BL, ZHANG SG, ZHANG YH. Studies on the antineoplastic action of the disodium 
salt cantharidic acid in the mouse. Acta Pharm Sinica 1980, 15, 78. 

26. SALMON SE. Application of the human tumor stem cell assay in the development of 
anticancer therapy. In: BURCHENAL JH, OE-ITGEN HF, eds. Cancer: Achievements, 
Challenges and Prospects for the 1980’s. New York, Grune and Stratton, 1980, Vol. 2, 
33-43. 


