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Abstract

Background We previously visualized in vivo responses

to chemotherapy in a colorectal liver metastatic xenograft

model using in vivo real-time and time-series intravital

two-photon laser scanning microscopy (TPLSM). In this

study, we established the method for evaluating the

response of peritoneal xenografts to chemotherapy of

metastatic gastric cancer using intravital TPLSM.

Methods Red fluorescent protein-expressing gastric can-

cer cells (NUGC4) were inoculated into the peritoneal

cavity of green fluorescent protein nude mice.

Results Laparotomy revealed that 2 weeks after inocula-

tion, macroscopic peritoneal metastatic nodules were

formed. The first intravital TPLSM session revealed that

they were composed of red tumor cell clusters and green

surrounding stroma. Paclitaxel was administered intraper-

itoneally after the first TPLSM three times a week for

7 days in the treatment group. At the second laparotomy,

there were significantly fewer and smaller nodules in the

treated mice than in the controls. The second intravital

TPLSM session showed tumor cell fragmentation, swell-

ing, and nuclear condensation in the metastatic nodules—a

response to chemotherapy. There were multinuclear tumor

cells in the paclitaxel-treated living mice.

Conclusions Our method may become a powerful tool for

evaluating the efficacy of novel anti-gastric cancer drugs in

a preclinical murine model with minimum interindividual

variation.
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Introduction

Peritoneal metastasis of gastric cancer indicates a poor

prognosis. According to the nationwide registry of the

Japanese Gastric Cancer Association, the 5-year survival

rates for P1 patients was 8.3 %, which was significantly

inferior to that for P0 patients (74.5 %) [1]. Systemic che-

motherapy is the main treatment for gastric cancer with

peritoneal metastasis, but a standardized regimen has not

been established [2]. In the case of peritoneal metastasis,

intraperitoneal (i.p.) chemotherapy appears to be efficient

because the anti-cancer drugs are delivered directly into the

peritoneal cavity, where they maintain a high concentration.

Paclitaxel is an anti-cancer drug that was isolated from

the plant Taxus brevifolia (western yew tree) [3]. Paclitaxel

promotes microtubule assembly [4]. An in vitro study

revealed that paclitaxel inhibits cell mitosis by arresting

growth mainly in the G2/M phases of the cell cycle [5].

After i.p. administration, paclitaxel remains in the peri-

toneal cavity for a relatively long time because of its high

molecular weight and hydrophobicity [6–8]. Studies have

shown that i.p. administration of paclitaxel is effective in the

treatment of gastric cancer with peritoneal metastasis [9–11].

Two-photon laser scanning microscopy (TPLSM) has

made it possible to visualize living tissues intravitally
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because of its high-resolution and high-magnification

imaging, increased tissue penetration, and minimal photo-

toxicity to and photobleaching of living cells. Single-photon

confocal laser scanning microscopy does not have these

features [12–14]. Thus, TPLSM has been widely used and

has become an important tool in the field of tumor biology

[15–18].

We developed a method for intravital TPLSM imaging

with high resolution and high magnification. It was made

possible by reducing microvibrations in the observational area

caused by heartbeats and respiratory movements using an

organ-stabilizing system (Japanese Patent Application num-

ber: P2007-129723) [19, 20]. We also established a time-

series TPLSM technique consisting of multiple time points for

intravital TPLSM observations (time-series TPLSM) in the

same living mice over periods of days to months. The animals

comprised a dextran sulfate sodium-induced colitis model

[21] and a colorectal liver metastases model [22, 23]. We

evaluated in vivo and in real time the response to chemo-

therapy given for colorectal xenografts of liver metastatic

tumor to study the dynamic interactions between metastatic

tumor cells and host stromal cells in living mice [24].

In this study, we aimed to establish a means of

visualizing the response to chemotherapy in a xenograft

model of metastatic gastric cancer in the peritoneum

using in vivo real-time TPLSM and in vivo time-series

TPLSM.

Materials and methods

Green fluorescent protein (GFP)-expressing nude mice

GFP-expressing nude mice (C57BL/6-BALB/c-nu/nu-

EGFP) were purchased from AntiCancer Japan (Osaka,

Japan). GFP nude mice (20–22 g) were bred, housed in

groups of six mice per cage, and fed with a pelleted basal

diet (CE-7; CLEA Japan, Tokyo, Japan). The mice had free

access to drinking water. They were kept in the animal

house facilities at Mie University School of Medicine

under standard conditions of humidity (50 ± 10 %), tem-

perature (23 ± 2 �C), and light (12/12 h light/dark cycle)

according to the Institutional Animal Care Guidelines. The

experimental protocols were reviewed and approved by the

Animal Care and Use Committee at the Mie University

Graduate School of Medicine.

Red fluorescent protein (RFP)-expressing human

gastric cancer cell line

RFP expressing the human gastric cancer cell line

(RFP-NUGC4) was purchased from AntiCancer Japan

(Osaka, Japan). RFP-NUGC4 cells were grown in

monolayer cultures in RPMI 1640 (Sigma-Aldrich, St.

Louis, MO, USA) supplemented with fetal bovine serum

10 % (vol/vol) (GIBCO BRL, Tokyo, Japan), glutamine

(2 mM), penicillin (100,000 units/L), streptomycin

(100 mg/L), and gentamicin (40 mg/L) at 37 �C in a 5 %

CO2 environment. For routine passage, cultures were spilt

1:4 when they reached 90 % confluence, generally every

5 days. Cells at the third to sixth passage were used for

peritoneal metastasis experiments, which were performed

with exponentially growing cells.

Chemotherapeutic agent

Paclitaxel was purchased from Sigma-Aldrich. The stock

solutions of the drug were made in dimethylsulfoxide and

then dissolved in appropriate concentrations using distilled

water for the in vivo study. To monitor the response to

chemotherapy in peritoneal metastatic xenografts, paclit-

axel (10 mg/kg i.p.) was administered three times a week

for 7 days (treatment group). In the control group, phos-

phate-buffered saline (PBS) was injected i.p. according to

the same protocol.

Murine peritoneal metastasis model

RFP-NUGC4 cells at the third to sixth passage were har-

vested with trypsin/EDTA and washed in serum-containing

RPMI 1640 medium to inactivate any remaining trypsin.

The RFP-NUGC4 cells were then centrifuged and resus-

pended in PBS. Then, the cells were adjusted to 1 9 108

cells/mL for single-cell suspensions. Finally, 5 9 107 cells

were inoculated into the peritoneal cavity of GFP nude

mice using a 30-gauge needle.

Surgical procedure for intravital TPLSM

A middle-portion midline laparotomy was undertaken as

short as possible (\15 mm). The small bowel, mesentery,

and omentum were exteriorized through the laparotomy

incision to identify the peritoneal metastatic nodules. After

identifying the nodules, the exteriorized organs distant from

the nodules were put back into the abdominal cavity to pre-

vent bowel dehydration. The metastatic nodules that had

developed on the mesentery or omentum were positioned on

the caudal part of the surgical incision to minimize the

influence of heartbeats and respiratory movement during

intravital TPLSM (Fig. 1a). The nodules were suitably

placed on a wet gauze to keep them moist (Fig. 1b). They

were fixed between the solder lug terminal and the wet gauze

using an organ-stabilizing system (Fig. 1c) (Japanese Patent

Application number P2007-129723). The organ stabilizer

minimized the microvibrations of the observed area so we

could obtain a clear, high-resolution image of the intra-

110 T. Shimura et al.

123



abdominal organs [19]. Such stabilization and fixation of the

metastatic nodules were most important and technically the

most difficult part of the intravital TPLSM procedure. After

applying PBS to the observed area, a thin cover glass was

placed gently on the surface of the nodules. After this first

intravital TPLSM session, the exteriorized metastatic nod-

ules were placed back in the abdominal cavity. Sodium

hyaluronate and a carboxymethylcellulose membrane (Se-

prafilm Adhesion Barrier; Genzyme Corporation, Cam-

bridge, MA, USA) was placed between the nodules and the

abdominal wall to prevent postoperative dense adhesion.

PBS (400–500 lL) was administered into the abdominal

cavity before abdominal closure to prevent dehydration after

surgery. The duration of this surgical procedure, including

the TPLSM, should be 1 h (at most) to minimize surgical

stress.

TPLSM setup

The procedures for TPLSM setup were performed as

described elsewhere [22]. Experiments were done using an

upright microscope (BX61WI; Olympus, Tokyo, Japan) and

an FV1000-2P laser-scanning microscope system (FLUO-

VIEW FV1000MPE; Olympus). The use of special stage

risers enabled the unit to have an exceptionally wide working

distance, which allowed the stereotactically immobilized,

anesthetized mouse to be placed on the microscope stage.

The microscope was fitted with water-immersion optics as

well as several lenses that had high numerical apertures to

provide the long working distances required for in vivo work.

The excitation source in TPLSM mode was Mai Tai

Ti:sapphire lasers (Spectra Physics, Mountain View, CA,

USA), which was tuned and mode locked at 910 nm. The

Mai Tai produces light pulses of about 100 fs width (repe-

tition rate 80 MHz). Laser light reached the sample through

the microscope objectives connected to an upright micro-

scope (BX61WI; Olympus). The mean laser power at the

sample was between 10 and 40 mW, depending on the depth

of imaging. Microscope objective lenses used in this study

were 49 UPlanSApo (numerical aperture 0.16), 109

UPlanSApo (numerical aperture 0.4), and 609 LUMPlanFI/

IR (water dipping, numerical aperture 0.9, working distance

Fig. 1 Overview of peritoneal metastatic nodule fixation and intra-

vital TPLSM setup. a The peritoneal metastatic nodule developed on

the mesentery were exteriorized. b The nodule was placed between a

solder lug turminal (arrow) and a wet gauze (arrowheads). c The

nodule was fixed using an organ stabilizing system (arrow). d After

intravital TPLSM at a lower magnification, the nodule was observed

at a higher magnification (water-immersion)

Intravital imaging of metastases 111

123



2 mm). Data were analyzed using an FV10-ASW (Olym-

pus). TPLSM images were acquired with 512 9 512 pixels

spatial resolution, 210 lm field of view dimension, and a

pixel dwelling time of 4 ls. An internal detector (non-de-

scanned detection method) collected the two-photon fluo-

rescence signals at an excitation wavelength that enabled

simultaneous acquisition of the enhanced green fluorescent

protein (EGFP) and RFP (DsRed2) signals. An excitation

wavelength of 1050 nm is optimum for DsRed2, as reported

by Kawano et al. [25], whereas an excitation wavelength of

910 nm is optimum for EGFP. Therefore, it is difficult to

excite DsRed2 sufficiently at 910 nm. To overcome this

difficulty, we adjusted the detection sensitivity (brightness

by HV) manually for EGFP (450–500) and DsRed2

(550–600) to promote optimal simultaneous imaging of

EGFP and DsRed2.

Imaging peritoneal metastasis of gastric cancer using

intravital TPLSM

The surface of the peritoneal nodules were initially screened

at lower magnifications by setting out the X/Y plane and

adjusting the Z axis manually to detect the optimal obser-

vation area containing RFP-expressing cancer cells (in at

least three areas). Each area of interest was subsequently

scanned at a higher magnification (water-immersion

objective 609, with or without 29 zoom) by manually

setting the X/Y plane and adjusting the Z axis (automatically

or manually) to obtain high-resolution clear TPLSM ima-

ges. The scanning areas were 200 9 200 lm (6009) or

100 9 100 lm (6009, with 29 zoom). The imaging depth

or imaging stack was determined arbitrarily to allow real-

time three-dimensional visualization of peritoneal metas-

tases of gastric cancer in vivo. The laser power was adjusted

according to the imaging depth. When imaging at larger

depths, we increased the laser power level (up to 100 %)

manually using the laser power level controller. For optimal

simultaneous imaging of EGFP and RFP (DsRed2), detec-

tion sensitivity (brightness by HV) was adjusted manually

for EGFP (450–500) or RFP (550–600), respectively.

Time-series imaging using intravital TPLSM

Intravital TPLSM was performed before and after paclitaxel

administration for imaging peritoneal metastatic lesions in

the same living mouse. A sodium hyaluronate and car-

boxymethylcellulose membrane (Seprafilm Adhesion Bar-

rier; Genzyme Corporation, Cambridge, MA, USA) was

useful for preventing the formation of postoperative adhe-

sions between the peritoneal metastatic nodules and the

abdominal wall. Precautions to prevent postoperative

intraperitoneal infection were taken during the entire sur-

gical procedure of time-series intravital TPLSM.

Experimental schedule for time-series intravital

TPLSM

After i.p. inoculation of RFP-NUGC4 cells into GFP nude

mice, macroscopic peritoneal metastases of gastric cancer

were observed by 2 weeks. The first intravital TPLSM

session was scheduled 2 weeks after inoculation to confirm

the presence of peritoneal metastatic lesions. After that,

paclitaxel (10 mg/kg i.p.) was administered three times a

week for 7 days in the treatment group. In the control

group, PBS was injected i.p. according to the same proto-

col. The second intravital TPLSM was performed after

paclitaxel administration to observe the in vivo real-time

response to chemotherapy in the tumor microenvironment

of peritoneal metastatic xenografts of gastric cancer in the

same living mice. These mice were imaged at two time

points by time-series intravital TPLSM. At the end of the

experiments (after the second intravital TPLSM session),

the peritoneal nodules in the mesentery or omentum were

harvested and subjected to histopathological analysis

(Fig. 2).

Quantification of morphologically changed tumor cells

as paclitaxel treatment response at the second TPLSM

session

At the second intravital TPLSM session, at least five areas

containing RFP-NUGC4 cells were observed at higher

magnifications. The percentages of morphologically chan-

ged cells (the response to paclitaxel treatment) in an

observation area of 200 9 200 lm were scored as follows:

0 (\5 %), 1 (6–25 %), 2 (26–50 %), 3 (51–75 %), 4

([76 %) (Fig. 5). The score for each mouse was defined as

the mean value of each observational area’s score. Com-

parison of the score (mean ± standard deviation) in the

control group (n = 5) and the paclitaxel treatment group

(n = 5) was performed by statistical analysis using the

Mann–Whitney’s U test. p \ 0.05 was considered to indi-

cate significance.

Hematoxylin-eosin staining of metastatic nodules

Harvested peritoneal nodules were fixed in 2 % parafor-

maldehyde for 24 h at 4 �C and then transferred to 25 %

sucrose for 24 h at 4 �C. After that, the nodules were

transferred to tissue cryo-molds coated with Tissue-Tek

O.C.T. compound medium (Sakura Finetek USA, Tor-

rance, CA, USA). The prepared samples were sliced at a

thickness of 5 lm with a Microm HM 505 E cryostat

(Microm, Walldorf, Germany), and the sections were

placed on silane-coated slides. After air drying for

30 min, conventional hematoxylin-eosin staining was

performed.
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Results

Macroscopic metastatic nodule formation on metastatic

gastric cancer xenografts

Two weeks after inoculation of 5 9 107 RFP-NUGC4 cells

into the peritoneal cavity of GFP nude mice, RFP-NUGC4

cells had formed macroscopic peritoneal metastatic nod-

ules on the mesentery or the omentum of GFP nude mice

(Fig. 4a, c). Approximately 80 % of all mice inoculated

with 5 9 107 RFP-NUGC4 cells had macroscopic perito-

neal metastatic nodules.

Peritoneal metastases at the first intravital TPLSM

session

Macroscopic peritoneal metastatic nodules were composed

of red tumor cell clusters and the green areas in the sur-

rounding stroma at the first intravital TPLSM session.

Abnormally tortuous tumor vessels were observed around

peritoneal metastatic lesions composed of RFP-NUGC4

cells at lower magnifications (940–100) (Fig. 3a, b). At

higher magnifications ([9600), the nuclei and cytoplasm

of RFP-NUGC4 cells were clearly visible (Fig. 3c, d).

Macroscopic effect of paclitaxel on peritoneal

metastatic xenografts

After the first intravital TPLSM session was completed,

either paclitaxel (treatment group) or PBS (controls) was

administered. The size and the number of peritoneal met-

astatic nodules in the control group were significantly

greater than those in the paclitaxel treatment group

(Fig. 4b). In the treatment group, some of the metastatic

nodules had shrinked or disappeared macroscopically,

(Fig. 4d). We measured the weight of the harvested and

stocked frozen samples of peritoneal nodules from the

mesentery or omentum. The weight (mean ± standard

deviation) of nodules in the PTX treatment group (n = 5)

was significantly less (0.13 ± 0.09 g) than that in the

control group (n = 5) (0.79 ± 0.34 g) (p = 0.012).

In vivo response to chemotherapy by peritoneal

metastatic xenografts at the second intravital TPLSM

session

The second intravital TPLSM session—scheduled to fol-

low the first TPLSM and paclitaxel treatment—was

undertaken to observe the in vivo real-time response of the

tumor and the host’s microenvironment to chemotherapy in

the same living mice. There were no marked morphologi-

cal changes in the metastatic nodules of the control mice

(Fig. 5a). In contrast, the treatment group exhibited an

in vivo response to chemotherapy that included tumor cell

fragmentation, swelling, and nuclear condensation

(Figs. 5b–e, 6d). There were also no marked changes in the

host’s microenvironment in vivo at this second intravital

TPLSM session. Thus, there were no morphological

changes or endothelial damaging to the tumor vessels, and

no coagulation abnormalites (data not shown).

Fig. 2 Timing of intravital

imaging. The first TPLSM

session took place 2 weeks after

inoculation. Paclitaxel (10 mg/

kg i.p.) was then administered

three times a week for 7 days.

At the second intravital TPLSM

session (7 days after paclitaxel

administration), the same mice

were subjected to in vivo

visualization of any pathology

due to the response to

chemotherapy. It focused on

assessment of the

microenvironment of nodules

on the peritoneal metastatic

xenografts. TPLSM two-photon

laser scanning microscopy, PTX

paclitaxel
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Quantification of morphologically changed tumor cells

in response to paclitaxel treatment at the second

TPLSM session

The mean ± standard deviation for the control group was

0.81 ± 0.58, whereas that for the treatment group was

2.00 ± 0.72. These figures indicate that the frequency of

morphological changes in the tumor cells occurred with

significantly higher frequency in the treatment group

(p = 0.046) (Fig. 5f).

Visualization of multinuclear cells at the second

TPLSM

Multinuclear tumor cells were seen at the second intravital

TPLSM session in some mice in the treatment group (Fig. 6a, b).

Hematoxylin-eosin staining of the metastatic nodules

In the control mice, most of the tumor cells in the meta-

static nodules did not change morphologically (Fig. 5g). In

Fig. 3 Peritoneal metastases formed by the time of the first intravital

TPLSM session. a Peritoneal metastases that had developed on the

omentum (9100). b Peritoneal metastases that had developed on the

mesentery (940). c, d Peritoneal metastases at higher magnification

(9600). Note the tumor cells (red) and the surrounding reactive

stroma with tumor vessels (green)
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contrast, tumor cell fragmentation, swelling, nuclear con-

densation, and apoptotic bodies were observed in some of

the metastatic nodules of the treated mice (Figs. 5h, 6e). A

few multinuclear cells were also observed in the treatment

group (Fig. 6c).

Discussion

In our previous study, we were able to visualize in vivo and

in real time the response to 5-fluorouracil or irinotecan

chemotherapy for liver metastatic xenografts of colorectal

cancer using time-series intravital TPLSM in the same

mice [24]. In the present study, we have successfully

established a method for evaluating the response to che-

motherapy in peritoneal metastatic xenografts of gastric

cancer using intravital TPLSM. Using our model, it was

possible to perform in vivo real-time imaging of peritoneal

metastases of gastric cancer at high optical resolution and

magnification. It was also possible to perform time-series

imaging to evaluate morphological changes in metastases

after paclitaxel treatment.

It has been reported that morphological changes of

tumor cells induced by administration of paclitaxel include

tumor cell fragmentation, cell shrinkage, membrane bleb-

bing, chromatin condensation, chromatin crescents, nuclear

cleavage, and apoptotic body formation [26–28]. In this

study, we found tumor cell fragmentation, shrinkage, and

nuclear condensation as evidence of the efficacy of pac-

litaxel during the second intravital TPLSM session in the

same living mice.

We also visualized multinuclear tumor cells in the living

mice after paclitaxel treatment during the second intravital

TPLSM session at high optical resolution and magnification.

It is suggested that mitotic spindle checkpoint failure and

aberrant mitotic exit are mechanisms for multinuclear cell

formation. Mitotic stress induced by anticancer agents (e.g.,

paclitaxel) and irradiation also triggers formation of multi-

nuclear cells [29]. Other evidence suggests that some of the

multinuclear cells escape from apoptotic cell death and

Fig. 4 Macroscopic response to paclitaxel chemotherapy aimed at

peritoneal metastatic xenografts. a Macroscopic peritoneal metastases

in a control mouse at the first intravital TPLSM session. b Growth of

the peritoneal metastatic nodules in a control mouse at the second

intravital TPLSM session. c Macroscopic peritoneal metastases

(arrowheads) in a mouse in the treatment group at the first intravital

TPLSM session. d Macroscopic changes in the peritoneal metastatic

nodules (arrowheads) in a mouse in the treatment group at the second

intravital TPLSM session. The size and the number of metastatic

nodules were significantly smaller than those in the control mouse
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acquire the ability to survive [30, 31]. If so, multinuclear cell

formation may be related to the development of cancer cell

resistance to anti-cancer drugs such as paclitaxel [32].

We believe that the method of visualizing the histopa-

thology of viable tumor cells described herein has several

advantages over conventional histopathological examina-

tions. First, we were able to clearly evaluate the dynamic

pathology of viable tumor cells at the cellular level with

high resolution and magnification. Second, because the

peritoneal metastatic nodule can be rotated, we could also

visualize multi-directional three-dimensional histopathol-

ogical information about the viable tumor cell by adjusting

the Z axis automatically or manually without the artifact of

tissue shrinkage by fixation or tissue destruction by

microtome sectioning. Third, our techniques for quantify-

ing the morphologically changed tumor cells are useful for

evaluating paclitaxel efficacy in living mice with higher

quality imaging.

Our method also has several technical difficulties. (1) It

was difficult to perform intravital TPLSM on metastatic

peritoneal nodules in the subphrenic and retroperitoneal

areas because of the difficulty exteriorizing these nodules.

(2) The duration of the surgical procedure, including the

first TPLSM session, had to be 1 h or less to minimize

surgical stress if we planned to have the mice survive for

the second TPLSM session. (3) At the second TPLSM

0.0
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paclitaxel 
treatment

After 
paclitaxel 
treatment
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o
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*p=0.046 

n=5 n=5

mean SD 0.81 0.58 2.00 0.72

a

c d

e

b
f

g h

Fig. 5 Quantification of morphologically changed tumor cells as a

response to paclitaxel treatment during the second TPLSM session.

a Tumor cells of the metastatic nodules in a control mouse during the

second intravital TPLSM (9600). b–e Tumor cells of the metastatic

nodules in a paclitaxel-treated mouse during the second intravital

TPLSM session (9600). Tumor cell fragmentation, swelling, and

nuclear condensation were observed, representing the response to

chemotherapy. At the second intravital TPLSM session, the percent-

age of morphologically changed tumor cells in response to paclitaxel

treatment in a observed 200 9 200 lm area were scored as follows.

a 0 (\5 %). b 1 (6–25 %). c 2 (25–50 %). d 3 (51–75 %). e 4

([76 %). f The mean ± standard error in the control group was

0.81 ± 0.26, whereas that in the treatment group was 2.00 ± 0.32.

Thus, the incidence of morphological change was significantly higher

in the treatment group (p = 0.046). g Hematoxylin–eosin (H–E)

staining of the peritoneal nodules in the control group (9400). h H–E

staining of the peritoneal nodules in the treatment group (9400).

Tumor cell fragmentation, nuclear condensation, and cell shrinkage

were apparent
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session, it was difficult to observe peritoneal metastatic

nodules for more than 4–5 h because performing intravital

TPLSM with the organ exteriorized subjected the mice to

great surgical stress. Hence, with our present techniques, it

is not possible to visualize ‘‘in vivo real-time morpholog-

ical changing’’ in tumor cells in response to PTX i.p.

therapy. Our method needs to be improved.

There is a site-specific variation in response to chemo-

therapy for a number of human malignant tumors [33]. We

believe that metastatic xenografts are more practical than

subcutaneous xenografts for evaluating the efficacy of

novel anti-cancer chemotherapeutic agents.

Although our method needs some technical improve-

ments, it is possible that intravital TPLSM of peritoneal

metastatic xenografts of gastric cancer may become a

useful tool for evaluating chemotherapy efficacy and the

development of resistance to novel anti-gastric cancer

chemotherapeutic agents.

In conclusion, we have established a method for

evaluating the response to chemotherapy in peritoneal

metastatic xenografts of gastric cancer using in vivo real-

time and time-series intravital TPLSM. This technique

may become a powerful tool for investigating the effi-

cacy of novel antigastric cancer drugs in preclinical

murine metastatic xenografts with minimum interindi-

vidual variation.
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