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Correlative Effect between in vivo Hollow Fiber Assay and
Xenografts Assay in Drug Screening
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Purpose: This study was carried out to assess the
usage of an in vivo hollow fiber assay to screen drugs
with highly predictive accuracy.

Materials and Methods: The assay systems used were
the hollow fiber and xenografts assays. The hollow fiber
assay was carried out with the following steps; pre-
paration of fibers, preparation of cells, loading and
implanting fibers, treatment with drugs, removal of fibers
and assaying for the cell viability by the MTT assay. For
the xenografts assay, cell suspensions were subcu-
taneously transplanted into the mice. Therapy was
started when the tumor volume reached 100~200 mm®.
The tumor volumes were calculated using the formula
V:[Iength+(width)2]/2, and used for evaluating the effi-
cacy of the drugs. The drug treatment doses used were
adriamycin 2.1 mg/kg, mitomycin-C 0.25 mg/kg, 5-fluo-

INTRODUCTION

The xenografts model, although actively used in developing
chemotherapeutic agents, is costly, time consuming and with
poor performance for the transimplantation of human tumor cell
lines. To streamline this process, Hollingshead et al. developed
a method for drug screening based on implanting tumor cells
cultured in polyvinylidine fluoride (PVDF) hollow fibers into
athymic mice (1). The hollow fiber assay is a unique in vivo
model, which allows simultaneous evaluation of up to 6 dif-
ferent cell lines in 2 physiological separate compartments. The
hollow fiber model has a shorter evaluation time and reduced
compound requirement than traditional xenografts models. The
model allows for the effective pairing of a novel compound,
with the appropriate cell line, by its capacity to utilize multiple
cell lines.

The hollow fiber assay is used by the National Cancer
Institute (NCI) of the National Institute of Health (NIH) for
testing compounds as anti-cancer agents. It is also being employed
in looking for antiviral compounds for HIV. One advantage of
this assay is its unique model of permitting the simultaneous
evaluation of compounds against various cell lines at subcuta-
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rouracil 24.5 mg/kg and paclitaxel 2.5 mg/kg, and admin-
istrated intravenously five times daily.

Results: The correlation between the xenografts and
hollow fiber assays was evaluated in 20 tumor cell lines
and 4 anti-cancer agents. In the 20 tumor cell lines, the
overall predictive accuracy of the hollow fiber assay for
sensitivity was 83%, with a predictive accuracy for resis-
tance of 92%.

Conclusion: The hollow fiber assay was assessed as
effective in drug efficacy evaluation, and found to be
compatible with that of the xenografts assay. (Cancer Res
Treat. 2005;37:196-200)

Key Words: Hollow fiber assay, Xenografts assay, Cor-
relation, Drug screen

neous and intra-peritoneal sites (2).

We tested the anti-cancer agents using both the hollow fiber
and xenografts assays against various human tumor cell lines
in order to evaluate any correlation with regard to the feasibility
of the hollow fiber assay for anti-cancer drug screening.

MATERIALS AND METHODS

1) Hollow fiber

Polyvinylidene fluoride (PVDF) hollow fibers, with a 500,000
Da molecular weight cut-off and 1.0 mm ID (Spectrum Labo-
ratories, Inc, USA), were used in these studies (1). The fibers
were flushed under sterile conditions and incubated in RPMI
1,640 medium, containing 10% FBS, for a minimum of 12 hr
at 37°C, prior to loading with cells.

2) Cell lines

The human tumor cell lines used in this study were as
follows; melanoma SK-MEL-2, cervix adenocarcinoma HelLa
and carcinoma SiHa, breast adenocarcinoma MCF-7 and MDA-
MB-231, ovary adenocarcinoma SK-OV-3, pancreas adenocar-
cinoma Capan-1 and Capan-2, colon adenocarcinoma Colo-
320DM, WiDr and carcinoma HCT116, lung carcinoma A549
and H209, larynx carcinoma A431, stomach carcinoma MKN-
28 and MKN-45, prostate carcinoma PC-3, cervical carcinoma
KB, pharynx carcinoma FaDu and liver hepatoblastoma Hep-
G,. All cell lines were adapted to a standard culture medium.
The cell lines, HeLa, MCF-7, Hep-G,, KB, Colo-320DM, WiDr,
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HCT116 and SK-MEL-2, were maintained in a minimum
essential medium (MEM), supplemented with 10% foetal bovine
serum (FBS, JRH Bioscience). The SK-OV-3 cell line was
maintained in McCoy’s 5a medium, supplemented with 10%
FBS.

3) Animals

5 weeks old BALB/C nu/nu mice (male), purchased from Japan
SLC, Inc., were acclimatized under the controlled standard
condition (temperature, 23+2°C; relative humidity, 50+5%;
illumination cycle, 12 h/12 h light/dark), and housed in polycar-
bonate cages for a week prior to the experiment. Mice were
maintained according to accredited procedures in our facility,
and fed irradiated Samyang (Korea) chow and UV sterilized
water ad libitum.

4) Drug treatment

All drugs were purchased from Sigma Chemical Company.
Chremophor EL, for the preparation of the paclitaxel injection,
was also from Sigma Chemical Company. The treatment doses
used were adriamycin 2.1 mg/kg, mitomycin-C 0.25 mg/kg,
S-luorouracil 24.5 mg/kg and paclitaxel 2.5 mg/kg, and admin-
istrated intravenously five times daily. The dose selection was
based on 1/10 of the evaluated LDso.

5) Hollow fiber assay

For the assay, capsules were prepared as follows (3,4): Prior
to filling with cells, each fiber was individually rinsed with
ice-cold fresh RPMI 1,640, containing 20% FBS. The cell
suspension was drawn into a 5 ml syringe, and the fibers filled
with the cell suspension via a 20-gauge needle. After filling,
the ends of the fibers were heat-sealed, with individual fibers
filled with cells prepared by heat-sealing the fibers at 2 cm
intervals. Heat sealing was accomplished by clamping the fibers
with hot smooth-jawed needle holders. Prior to implantation of
capsules into the mice, the capsules were incubated overnight
at 37°C in a 5% CO, atmosphere. For subcutaneous (s.c.)
implantation, a small skin incision was made at the nape of
the neck to allow insertion of an 11-gauge tumor implant trocar.
The trocar containing the hollow fiber capsules was inserted
through the subcutaneous tissue. Generally, each mouse received
4 hollow fiber capsules, each containing 4 different cell lines.
Therapy was carried out for 8 days.

The anti-tumor activity was evaluated using the MTT assay.
The fibers were placed into a 2 ml of fresh, pre-warmed (37°C)
culture medium/35 mm dish, and allowed to equilibrate for 30
min at 37°C. The fibers were then stained with MTT solution
(MTT 1 mg/ml) and washed twice with PBS containing 2.5%
protamine sulfate. The formazan extracted from the fiber was
dissolved with DMSO, transferred to individual wells in 96-
well plates, and then accessed for optical density at a 540 nm.
The evaluation term was 9 days.

6) Xenografts assay

1-2x107 cells were s.c. injected in the right flank of 6
week old male BALB/C nu/nu mice. Tumor bearing mice were
subdivided into groups of eight to ten mice. Therapy was initi-
ated 5 days after the development of the tumor volume, when
the mean tumor volume was 100~200 mm’. The evaluation

term was 25 days.

The tumor volumes were calculated as 1/2(long lengthx
short length?), and expressed in mm”. The tumor growth inhi-
bition was calculated as inhibition (%)=100-[100%(mean size
of treated tumors/mean size of control tumors)].

Any statistically significant difference between the mean
values was estimated using Microsoft Excel and an independent
t-test for unequal variances.

RESULTS

A spectrum of various tumor cell lines was screened for in
vivo anti-tumor agents’ sensitivity using the xenografts (Table 1)
and hollow fiber assays (Table 2). Each cell line was oper-
ationally defined to be sensitive to tested anti-tumor agents if
the tumor regression or inhibition rate was increased to 50%
or more of the control at the concentrations used.

Table 1 presents the results of the xenografts assay. Eight
tumor cell lines were sensitive to paclitaxel; SK-OV-3, SK-
MEL-2, KB, A549, A431, PC-3, MDA-MD-231 and Hep-Go..
Of these, KB and Hep-G, were found to be highly sensitive
cell lines, with inhibition rates of 76 and 77%, respectively. In

Table 1. Tumor regression effect of various anti-tumor agents in
the xenografts model using human tumor cell lines

Inhibition rate by the treatment of

Cell lines
Paclitaxel ~Adriamycin 5-Fluorouracil Mitomycin-C
(2.5 mg/kg) (2.1 mg/kg) (24.5 mg/kg) (0.25 mg/kg)

SK-OV-3 55* 47 25 87*
Hela 29 30 46 63*
MCF-7 34 43 89* 80*
SK-MEL-2 50* 40 90* 64*
Capan-1 21 26 13 16
KB 76% 21 88* 13
HCT116 41 37 69* 8
A 549 60* 31 9 11
SiHa 43 50% 29 4
WiDr 14 34 80* 37
Capan-2 47 57* 0 3
A431 67* 64% 9 10
Colo-230 44 73% 21 4
MKN 45 36 57* 88* 24
MKN 28 39 74% 68* 14
PC-3 61* 22 11 9
MDA-MB-231 57* 42 67* 21
NCI-H209 39 56* 74% 43
FaDu 48 80* 21 20
Hep-G, 77* 62% 24 4

With the r-test, the result was significant (p<0.05).
*Sensitive, i.e., % inhibition>50.
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Table 2. The effect of various anti-tumor agents on human tumor
cell lines cultivated in hollow fibers in mice

Inhibition rate by the treatment of

Cell lines
Paclitaxel ~Adriamycin 5-Fluorouracil Mitomycin-C
(25 mg/kg) (2.1 mgkg) (24.5 mg/kg) (0.25 mg/kg)

SK-OV-3 73* 50% 30 80*
HeLa 31 28 40 52%
MCF-7 37 45 77* 93*
SK-MEL-2 66* 37 75% 46
Capan-1 0 14 7 21
KB 86* 12 65* 19
HCT116 36 42 62% 12
A 549 87 27 20 0
SiHa 38 60* 14 41
WiDr 20 40 20 12
Capan-2 51* 27 71* 0
A431 62% 20 12 14
Colo-230 21 69* 30 5
MKN 45 30 50% 59% 21
MKN 28 T7* 88* 90* 17
PC-3 88* 37 33 2
MDA-MB-231 60* 49 14

NCI-H209 39 53% 87* 31
FaDu 40 66* 42 40
Hep-G» 55% 67* 17 20

With the r-test, the result was significant (p <0.05).
*Sensitive, i.e., % inhibition>50.

contrast, a tumor cell line with low sensitivity was SK-MEL-2,
with an inhibition rate of 50%. There were 9 adriamycin-sensi-
tive tumor cell lines; SiHa, Capan-2, A431, Colo-230, MKN
45, MKN 28, NCI-H209, FaDu and Hep-G,. Of these, FaDu
was found to be a highly sensitive cell line, with an inhibition
rate of 80%. In contrast, the SiHa was found to have low sensi-
tivity, with an inhibition rate of 50%. There were 9 5-Fluorou-
racil-sensitive tumor cell lines; MCF-7, SK-MEL-2, KB, HCT
116, WiDr, MKN 45 MKN 28, MDA-MD-231 and NCI-H209.
In case of 5-fluorouracil, the highly sensitive tumor cell lines
were MCF-7, SK-MEL-2 and MKN 28, with 89, 90 and 88%,
inhibition rates, respectively. Capan-2 exhibited strong resis-
tance against 5-fluorouracil, with 0% inhibition. There were
4 mitomycin-sensitive tumor cell lines; SK-OV-3, HeLa,
MCF-7 and SK-MEL-2. The most highly sensitive tumor cell
line against mitomycin was SK-OV-3, with 87% inhibition.
Table 2 presents the results of the hollow fiber assay. There
were 10 paclitaxel-sensitive tumor cell lines; SK-OV-3, SK-
MEL-2, KB, A549, Capan-2, A431, MKN 28, PC-3, MDA-
MD-231 and Hep-G,. Most of these, which were sensitive in
the xenografts assay, were also sensitive in the hollow fiber
assay. Of these, KB, A549 and Hep-G, exhibited strong
activity, with inhibition rates of 86, 87 and 77%, respectively.

Specifically, Capan-2, which was evaluated as a resistant cell
line, with an inhibition rate of 47% in the xenografts assay,
exhibited an inhibition rate of 51% in the hollow fiber assay.
Therefore, Capan-2 was evaluated as being a sensitive cell line
against paclitaxel in the hollow fiber assay. However, Capan-2
was shown to be a resistant cell line in the xenografts assay,
but the variation in the inhibition rate between the two assays
was not significant. There were 9 adriamycin-sensitive tumor
cell lines; SK-OV-3, SiHa, Colo-230, MKN 45, MKN 28, NCI-
H209, FaDu and Hep-G,. FaDu was found to be a highly
sensitive tumor cell line, with an inhibition rate of 66% in the
xenografts assay, with 80% inhibition. In contrast, SiHa was
shown to be a low sensitivity cell line, with 50% inhibition,
which exhibited an inhibition rate of 60% in the xenografts
assay. SK-OV-3, which exhibited resistance in the xenografts
assay, was detected as a sensitive cell line in the hollow fiber
assay, but the variation in the inhibition rate between the two
assays was not significant. The inhibition rates of Capan-2 and
A431 were 57 and 64%, respectively, in the xenografts assay,
but these were 27 and 20%, respectively, in the hollow fiber
assay. From these results, the inhibition rates of Capan-2 and
A431 exhibited large differences between the xenografts and
hollow fiber assays, but no correlation was detected between
the two assays. Nevertheless, most cell lines that were sensitive
in the xenografts assay were also sensitive in the hollow fiber
assay. There were 9 5-Fluorouracil sensitive tumor cell lines;
MCF-7, SK-MEL-2, KB, HCT 116, Capan-2, MKN 45, MKN
28 and NCI-H209. In case of 5-fluorouracil, MCF-7, SK-MEL-
2 and MKN 28 were found to be highly sensitive, at 89, 90
and 88%, respectively. Specifically, Capan-2, which exhibited
complete resistance, with an inhibition rate of 0%, exhibited
strong sensitivity, at 71%. Nevertheless, most cell lines that
were sensitive in the xenografts assay were also sensitive in
the hollow fiber assay. There were 4 mitomycin sensitive tumor
cell lines; SK-OV-3, HeLa and MCF-7. SK-MEL-2, which
exhibited sensitivity in the xenografts assay, with resistance
with 47% inhibition rates.

Eight out of 20 cell lines were sensitive to paclitaxel in the
xenografts and hollow fiber assays, whereas two cell lines,
Capan-2 and MKN-28, exhibited different responses against
paclitaxel, only showing sensitivity in the hollow fiber assay.
When treated with adriamycin, seven cell lines showed sensitiv-
ity in both the xenografts and hollow fiber assays, but two,
SK-OV-3 and Capan-2, showed different responses. Capan-2
exhibited a considerable degree of variation in its response to
the drugs, whereas SK-OV-3, although resistant to adriamycin
in the xenografts assay, exhibited only a tiny degree of
variation in its response in the hollow fiber assay.

With the 5-fluorouracil, seven cell lines showed sensitivity
in both the xenografts and hollow fiber assays, whereas two,
WiDr and Capan-2, exhibited considerable degrees of differ-
ence in their responses in the two assays. WiDr showed a high
sensitivity in the xenografts assay only, and Capan-2 only in
the hollow fiber assay.

With the mitomycin C treatment, three cell lines showed
sensitivity in both the xenografts and hollow fiber assays,
whereas SK-MEL-2 exhibited sensitivity only in the xenografts
assay.

Table 3 presents the correlation of the results between the
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Table 3. Correlations of the results exhibited for the Hollow fiber
versus the xenografts assay

Xenografts
Hollow fiber Correlative value
+ -
+ 25 4 25/29 (86%)
- 5 46 5/51 (10%)
Totals 25/30 (83%)  46/50 (92%) 71/80 (89%)
Sensitive* Resistant Correlative’

With the #-test, the association between xenografts and hollow fiber
result was significant (p <0.05).

*Sensitive is defined as the ability to predict positive responses in
the xenografts assay, " Resistant is defined as the ability to predict
negative responses in the xenografts assay, * Correlation was de-
fined as the ability to predict the overall in vivo assay responses.

xenografts and hollow fiber assays. In this correlative study, the
hollow fiber assay had a sensitivity of 83% and resistance of
92%; the overall correlation for primary screening between the
xenografts and hollow fiber assays was 89%.

Our analysis indicates that, at least with respect to the %age
inhibition parameter, the xenografts and hollow fiber assays
generally yielded similar results in anti-tumor activity screen-
ing. However, there was no significant difference in the results
between the assay methods.

DISCUSSION

The process of discovering cancer or other drugs may begin
with either empiric screening or rational drug designing. In
either case, the necessary steps in drug development require
appropriate animal model systems (5~7). Historically, cancer
drug discovery and the efforts on their development have relied
on in vivo tumor models. In general, programs for cancer drug
discovery and development, such as in vitro systems, MTT
assay, SRB assay, neutral red assay and clonogenic assay, have
constituted the primary screening methods, and have been
tested over a period of 50 years (8 ~12). Additional murine
tumor systems, and some of the more recently developed
human tumor xenografts systems, have supplemented these
primary systems (13~19).

This study was carried out to give a tool of the primary in
vivo screen. As the results have indicated, these assay systems
showed high correlation with regard to drug-sensitivity and
drug-resistance. To obtain these results, various tumor cell lines
were used to evaluate tumor growth inhibition with four anti-
tumor agents. The anti-tumor agents were selected from a
variety of groups, including taxene, anthracycline, cytosine and
alkylating agents. The correlation obtained from these results
showed that the true positive, or both assays showing sensitivity

to the drug in the same tested cell lines, was 86% and that false
negative, or the same cells that showed sensitivity in xenografts
assay now showing resistance in hollow fiber assay, was 10%.
The hollow fiber assay is a unique in vivo model, which
includes in vitro evaluation, with final evaluation using the
MTT assay, which is a colorimetric enzyme assay. In contract,
the evaluation of the xenograft assay is measured via the tumor
volume (size) or weight. The end points between the hollow
fiber and xenografts assays are rather different. Five false
negatives were found when using the hollow fiber assay in this
experiment. Adriamycin, 5-fluorouracil and mitomycin C were
detected as false negatives with Capan-2 and A431, WiDr and
MDA-MD-231, and SK-MEL-2, respectively. The cause of the
different false negatives with the hollow fiber assay was prob-
ably due to differences in the pharmacokinetic, evaluation term
and end point of the experiment. The pharmacokinetic action
is probably different in the hollow fiber membrane, that is, the
fiber wall constitutes an artificial barrier that separates the
tumor cells from their surroundings. Thus, some differences in
this environment could have occurred due to the drug sensi-
tivity in the hollow fiber assay. Within the hollow fiber, the
tumor growth is limited by the geometric constraint of the fiber
wall, causing differences in the evaluation term between the
hollow fiber and xenografts assay. The final evaluation was
also different. These differences possibly occurred due to the
change in the sensitivity to the drug. Although the hollow fiber
assay exhibited some disadvantages, it showed accuracy in
predicting drugs that are likely to be active in the xenografts
assay. Mi and colleagues (20) established growth conditions for
HL-60, HUVEC, Ishikawa, KB, Kb-V1, LNCaP, Lul, MCF-7,
Mel2, P-388 and SW626 cells implanted at the intraperitoneal
and subcutaneous compartments of athymic mice. Five cyto-
toxic natural products, including ochraceolide A, a-lapachone,
2-(1-hyroxyethyl)naphtha[2,3-b]furan-4,9-quinone, dioscin and
13-methoxy-15-oxozoapathin were tested in their model, along
with paclitaxel. These studies illustrated the usefulness of the
hollow fiber model in natural product drug discovery programs.
In resent reports, alkylating dipeptide melphalanyl-p-L-fluoro-
phenylalanine ethyl ester, achiral seco-cyclopropylindoline
analogs and indole-based natural products were newly found
using the hollow fiber assay (21 ~23). In rats, pyridyl cyanog-
uanidine has also been tested in vivo using a hollow fiber
model, with three of the cell lines (24). With this, the hollow
fiber assay was able to be used with various experimental
animal systems, rather than with xenografts animal only.

However, this study was not intended to replace xenografts
assay system, as it does not model the complex interactions and
phenomena that occur when tumor cells are growing in and
interacting with the host tissues (25). Nevertheless, in our
study, the hollow fiber assay showed good correlation with the
xenografts assay for drug screening. The high correlation
between the hollow fiber and xenografts assays suggests that
the former can be used to overcome the disadvantage of the
latter system. In future, large randomized prospective studies
will be necessary to determine the overall impact of this predic-
tive test for the development of in vivo systems or drug dis-
covery and development.
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CONCLUSIONS

The high correlation of the hollow fiber to the xenografts

assay suggests that the former can be used to overcome the
disadvantage of the latter. Our results suggest the hollow fiber
assay is feasible for anti-cancer drug screening.
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