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molecularlipid ( CHM L ),
Abstract. Cytotopic heterogeneous
which is a new anticanceragent with US patent number
5,260,067,has recently been shown to suppresstumor cell
growth in multiple tumor lines and induce apoptosisin vitro
(1). Theseresults indicate that CHML may be an effective
antitumor agent. In the present study, using both local
injection and intravenousiniection, we have investigatedthe
suppressiveeffect of CHML on human breast caner cells
MCF-7 xenograftin nude mice. In the local injection, CHML
was introducedinto nude mice implanted with human breast
cancer xenograft at doses of 25 mgltumor arqa (cm'), 35
mgltumor area (cm'), or 50 mgltumor area (cm'), once every
two days, total 3 times. The inhibition of tumor growth was
81.3Vo,93.8V0and 100V0,respectively. In the intravenous
injection, the nude mice bearing MCF'7 xenografts were
treated with CHML at 10 mglkglday, or 15 mglkglday, or 20
mglkglday, once a day, total 7 days, the growth inhibition of
tumor area was 58.17o,77.4Vo,and 83.9Vo,respectively.At
the sametime, the toxicity of CHML was determinedthrough
examiningthe number of the white blood cell (WBC) and the
activity of the serumglutamic-pyruvictransaminase(SGPT).
However, no evident alterations of WBC and SGPT wete
detectedin all animals treated with CHML, suggestingthat
CHML has little tocicity on nude mice. Taken together,these
results indicate that CHML is an effective agent that
breasttumor growth and suggestthe possibility of
suppresses
using CHML in the clinical trial in the nearfuture.
At the presenttime, there is an increasingneed to develop
effective anticancer agents. The usage of the current
antitumor drugs in clinic has greatlybeen compromisedby
their side effects. Therefore, the ideal anticanceragents
would be expectedto specificallykill tumor cells but have
little cytotoxicity on normal tissues and organs. CHML
(CytotropicHeterogeneousMolecular Lipid) was extracfed
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Clearly,those resultssuggestthat CHML might be a
potent tumor-inhibitingagent.Recently,the suppressive
effectof CHML on humanbreastcancerxenograftin nude
We havefoundthat CHML is
micehasbeeninvestigated.
able to stronglyinhibit growthof breastcancerMCF-7
xenograftimplantedin the animals,but doesnot generate
by the number
evidenttoxicityto the animals,as measure
of white bloodcells(WBC) and the activityof the serum
glutamic-pyruvictransaminase(SGPT). These results
indicatethat CHML is a sood candidatein the future
clinicaltrial.
MaterialsandMethods
Drug. CHML was supplied by Glory F & D Co. Ltd in USA. CHML
consists of 1% squalene, 80Eo nnsatwated fatty acids, l5Vo saturated
fatty acids and 4Vo liposoluble vitamins. All components of CHML
were extracted from natural products and prepared by the lipidactivated methods.
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Cells and animals. The human breast cancer MCF-7 cells were
described previously (1) and used for generating xenograft. Six-weekold Athymic nu/nu BALB/c mice (both female and male), which were
purchased from the Charles River Laboratories, Wilmington, MA,
were used in this study. The mice were maintained in a specific
pathogen-free environment in compliance with United States Public
Health Service guidelines governing the care and the maintenance of
experimental animals. All animal studies were conducted in
accordance with the principles and the procedures outlined in the
"Guide
NIH
for the Care and Use of Laboratory Animals". Mice
were fed with an autoclaved laboratory rodent diet (Tecklad LM-485;
Westem Research Products, Orange, CA).

Tablel. Effect of CHML on human breast cancer xenograft in nude mice.

Animal treatment with CHML. Animals were challenged with 0.5 ml of
a single-cell suspension containing 5 X 10o MCF-7 cetl by
subcutaneous injection in the right flar'k. 12 days after tumor cell
inoculation, animals were treated with CHML via either local
injection or intravenous injection. At'the local injection, nude mice
were treated with CHML at 25 mg/tumor area (cm'), 35 mg/tumor
area (cm'), or 50 mg/tumor area (cm'). Treatment was applied once
every two days, total 3 times. At intravenous injection, nude mice
were treated with CHML at 10 mg/kg/day, or 15 mglkglday, or 20
mg/kg/day, once each day, total 7 days.

Group 3

Tumor measurements. Ttmor measurements were performed weekly
using the Vernier calipers. Tumor area was calculated using the
formula: lengthl2 X width/2 X JI. Mean tumor area was plotted
against time in weeks to monitor tumor growth.
Determination of toxicity. The numbers of the White Blood Cells
(WBC) were examined weekly by traditional direct counting with
hemocytometer. The activity of the serum glutamic-pyruvic
transaminase (SGPT) was also measured using a standard procedure
at the same time.

Local injection
Group

No. of Dose/cm2
animals

Tumor - Inhibition (%)
size (cm2)

Control

-

3.2+0.4

Group 1 1 0

25mg

0.6+0.0481.3

<0.01

Group 2

35mg

0.2+0.02 93.8

<0.01

50mg

0

<0.01

10

100

Intravenousinjection
Tumor. Inhibition(7a)
size(cm")

Group

No. of Dose,&g
animals

Control

10

-

3.1+0.6

GroupI

10

10mg

1.3+0.0558.1

<0.01

Group2 1 0

15mg

0.'7+0.07 77.4

<0.01

Group3 1 0

20mg

0.5+0.04 83.9

<0.01

HumanbreastcancerMCF-7cells(5 x 10o)wereinoculatedin the right
flank of nudemice. 12 daysafter inoculation,the animalswere treated
with CHML via either local injection or intravenousinjection at the
indicateddosesfor total threeweeks(seeMaterialsand Methods).The
tumor sizewas measuredto evaluatethe growth inhibition of MCF-7
xenograft by CHML. The results presentedhere is collected and
analyzedthreeweeksfollowingtreatmentwith CHML.

Results
We have previously reported that CHML is able to
suppresstumor cell growth and to induce apoptosis in
multiple tumor lines in vitro. To further determiner,the
growth-suppressive'effect of CHML in tumor cells ilt vivo,
we have inoculatedthe human:breastcancer MCF-7 cells
in nude mice and then investigatedthe growth suppression
of xenograftsby CHML. To do this, 0.5 ml of sirrglecellsuspension of human breast cancer MCF-7 cells was
inoculatedby subcutaneousimplantation in the right flank
of nude mice. 12 days following inoculation, the animals
were subjectto t{eatmentwith CHML through either locdl
injection or intravenousinjection. In the experimentsof
local injection, anirnals were divided into four groups,,
including control group, which was treated with saline antl
three CHMl-treated groups, which were exposed to
different concentrationsof CHML. The experimentswere
repeatedfor three times and totally, forty nude mice were
used in the study. In CHMl-treated groups, three
difference dosageswere applied. Th"y were 25 mg/tumor
area (cm'), 35 mg/tumor area (cm') and 50 mg/tumor area
(cm'), respectively.Each animal was tfeated once evory
two days for a total of three times. The tumor size was
measuredeach week for three weeks. In Fisure 1. nude
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mouse harboring human breast cancer xenograft was
treated with CHML at a dose of 35 me/tumor area (cmz).
Two weekslater, most of the tumor ur-au*u, shownto be
necrotic,indicatingthat CHML is able to causetumor cell
death. The results of the entire experiments were
summarizedin Table I and Figure 2. After three weeks,the
growth inhibition, in contrastto control group treatedwith
saline,was evidentlyseenin each CHMl-treated group. It
appearsthat inhibition of tumor growth is dose-dependent.
A dose of 25 mg/tumor area (cm2) resulted in 8L.3V0
growth inhibition of the tumor xenograft,while CHML at
35 mg/tumor area (cm') inhibited 93.8Votumor growth.
Interestingly,a doseof 50 mg/tumor area (cm') was shown
to generate100% growth suppressionof the xenograft in
nude mice.
Next, we'havefurther determinedthe treatment efficacy
of CHML in tumor xenograft in nude mice via the
intravenousinjection.After tumor cells inoculatedin nude
mice, the animalswith MCF-7 xenograftswere treatedwith
CHML at different does. As shown in Table I, a dose of
CHML at I0 mglkgldaysuppressed58.I% tumor growth.
Similar to the local injection, higher doses produced
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A

B
Figure 1. Effect of CHML on human breast cancer MCF-7 xenograft in nude ntice. Human breast cancer MCF-7 cells (5 X 10o) in single-cellsuspension
were^inoculated in the right llank of nude mice. 12 days later, nude mice were treated with CHML by local injection at a concentration of 35 mglfiimor area
(cm"). Treatment was applied once every two days, total 3 times. The CHML-induced growth suppression of the breast cancer xenografts in nude mice was
evaluated via the measurement of the tumor size at three weeksposttreatment. The representativeresult is shown in Figure 1.

stronger inhibition of tumor growth. CHML at 20
mglkglday inhibited 77.4Vottmor growth and 20 rng/kg/day
suppressed83.9Votumor growth,as measuredby the sizeof
tumor area.
To determineif CHML generatesany toxicity during the
treatment in nude mice, we examinedthe number of white
blood cells (WBC) and the activity of serum glutamicpyruvic transaminase (SGPT), which are usually
consideredas two of most important criteria to evaluate
cytotoxicity of new anti-canceragents. The results were
summarizedin Table II and Table III. Evidently, nude
mice treated with CHML at all doses did not exhibit
significant alterations of the numbers of WBC and the
activity of SGPT in contrast to the control group. These
resultsindicatethat the treatmentof CHML at sucha dose
rangeis of little toxicity in nude mice.

Discussion
For many years, local treatment of breast cancer was
consideredthe domain of the surgeon.Over the last 20
years,the approachto the local treatment of breastcancer
has radically changeddue to our increasedunderstanding
of the biology of the disease,detection of small tumors,
increased emphasis on systemic therapy, and greater
patient involvementin the decision-makingprocess.Today,
local treatment of breast cancerinvolvesthe collaborative
surgeons,radiologists,pathologists,radiation oncologists,
reconstructivesurgeons,and medical oncologistsworking
with the patients(2). A large body of experienceon the use
of preoperativechemotherapyhas accumulatedsince the
its first use in the mid 1960's (3-5). Clinical trials and
experience have confirmed that a combined modality
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'lablell.

Effect of CHML in the numbers of WBC.

TablelII. Effect of CHML on SGPT activity.

WBC Numbers (x 1000imm3)

Group

No. of
animals

1 week

2weeks

SGPT activity (unit/L)
3 weeks

Group

No. of animals

Before treatment

After treatment

P

Local injection
Local injection

Control

IO

74+2.5

13+4

Group I

10

13.5+2.5

Group 2

10

75.5+2

Group3

l0

12+3.5
14.5+3

15+3.5

12.5+4

Control

10

19+3

17+5

Group 1

10

17+6

1,6+'7

>0.05

Group 2

10

2l+4

22+5

>0.05

Group 3

10

18+7

76+9

>0.05

13.5+4.5
13+4

>0.05

14+3.5 >0.05
13.5+4

>0.05

Intravenousinjection

Intravenous injection

Control

10

75+2

Group 1

10

Group 2
Group3

Control

10

20+5

27+7

13.5+3.5 >0.05

Group 1

10

zz= |

19+9

>0.05

t4+4

15+2.5 >0.05

Group 2

10

18+6

19+8

>0.05

13+3.5

14+4

>0.05

Group 3

10

23!8

2l+6

>0.05

14+2.5

15.5+4.5

72.5+3.5

t3+4

10

1 3 .+
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Figure 2. Growth suppression of human breast cancer MCF-7 xenograft in nude mice by CHML. (A). Local injection: Total forty nude mice used in thts
expeiment were divided into four groups. 12 daysfollowing tumor cells inoculation, the contol group was treated with 0.5 ml of saline but other groups were
treated with CHML at dffirent concentrations. Usagesof the CHML dose were 25 mgltumor area (cm') for groupl, 35 mgltumor area (cm") for group 2
and 50 mglntmor area (cm2) for group 3. The treatment was applied once every two days, total three timu. Measurement of the tumor size was carried out
each week. (B). Intravenous injection: Afier tumor cells inoculation, the animals were treated with CHML through the intravenous injection. Usagesof the
CHML dose were 10 mglkglday (groupl), 15 mglkgldny (group 2) and 20 mglkglday (group 3), respectively. The tumor size was measured using the Vemter
calioers.

approach is the most effective way to achieve local
treatment while providing the advantagesof systemic
adjuvanttreatment(6-7).
Problemsstill existin clinical trials for breastcancer.Up
to 3070 of early stage breast cancer patients have cancer
2480

cells in the blood and bone marrow at the time of surgery
as detectedby immunohistochemistryor reversePCR (89). This indicatesthe presenceof distant micrometastases
at the time of diagnosisin most locally advancedcancer
patients(10). Most patientswith local advancedtumors fail
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to achievelocal control following systemicchemotherapy
due to drug resistance(11) or inducedresistanceof cancer
cells (12). However,the local treatmentwith chemoagents
still remainsdoubt becauseof the limited efficacyand the
tumor reoccurrence.In contrast,the systemictherapyoften
displays adverse effect or toxicity although it may efficiently eliminate tumors (I3-2I). Therefore, explorations
of new ideal anticanceragentsthat are able to specifically
kill tumor cells but have little cytotoxicity on normal
tissuesand organsare currently the main task for scientists
in the field of cancertherapy.
In the present study, we have found that Cytotropic
heterogeneousmolecular lipid (CHML), which is a new
anticancer agent with US patent number 5,260,067,can
stronglysuppresshuman breastcancerMCF-1 xenograftin
nude mice via either local treatment or intravenous
injection.However,CHML treatment in nude mice did not
present any significant toxicity, as measured by the
numbersof white blood cells and the activity of activity of
serumglutamic-pyruvictransaminase(SGPT).
Recently,we have reported that using colony formation
assay,CHML has been shown to strongly suppresstumor
cell growth in multiple cell lines. In treatment at a concentration of 50 uglml for 6 hours, CHML is able to
suppress50% oI the tumor cell colony formation' At a
concentration of 100 uglmI, more than 90Vo of the cells
were killed in human breast carcinomaMCF-7, colorectal
carcinomaRKO, kidney carcinomaG410, lung carcinoma
HI299 and human myeloid leukemia ML-l lines' With
regard to the mechanismby which CHML suppressescell
growth, we have observedthat CHML is able to induce
apoptosisin tumor cells, including MCF-7, ML-I, HI299
and RKO after treatment at a concentration of. 75 uglml
for 8 hours. Interestingly, the tumor suppressor p53
protein elevated in RKO cells at post-treatment. In
addition, the p53-regulated Bax gene that promotes
apoptosis is increased following CHML treatment,
indicating that CHMl-induced growth suppressionmay
involvethe p53-regulatedpathway(1).
Currently, a clinical trial with this CHML is being
conducted in China. Based on the preliminary results,
CHML has exhibited an effective treatment to multiple
types of human tumors, but no significant cytotoxicity was
observedat the dosesof clinic application(ZhengXu et al,
manuscriptin preparation). In the presentstudy,we have
shown that CHML can greatly suppresshuman breast
cancerxenograft in nude mice by both local and systemic
treatments,indicating that CHML is a potentially strong
candidateof new anticancerdrugs.
With regard to the toxicity of CHML in the treatment of
human breastcancerxenografton nude mice, there are no
any evident alterationsin the numbersof the white blood
cell (WBC) and the activity serum glutamic-pyruvic
transaminase(SGPT) at the doses, which are used to
generatesuppressiveeffect on xenografts.Therefore,these

results indicate that CHML is a safe anticanceragent in
such a dose range. However, future investigationwill be
carried out to provide more information on the cytotoxicity
of CHML, includingthat in both acuteand chronicphases.
In summary, new anticancer agent CHML has been
shown to substantially suppress human breast cancer
xenograftin nude mice via local injection and intravenous
injection, but exhibits little cytotoxicity to the mice, as
determinedby measurementof the white blood cells and
the activity serum glutamic-pyruvictransaminase(SGPT).
These results have provided the strong information to
guide the clinic trial in the near future.
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