
Abstract. Background: Breast cancer is a leading cause of
morbidity and mortality in women in developed countries and
in increasingly developing countries. In general, estrogen receptor
(ER)-positive breast cancers have a better prognosis and are
often more responsive to anti-estrogen therapy. Unfortunately,
ER-negative breast cancers are more aggressive and
unresponsive to anti-estrogens. The aim of this investigation was
to evaluate the 5-fluorouracil (5-FU) and methotrexate (MTX)
combination to determine the most effective regimen considering
the mechanism of action in treating ER-negative human breast
cancer cells and at the same time mitigating methotrexate
cytotoxicity in human bone marrow cells. Materials and
Methods: In order to determine the sequence-dependent
interaction between MTX and 5-FU on proliferation, cell
viability was carried out using the Quick Cell Proliferation Assay
by exposing the human estrogen negative (MDA-MB-436 and
Hs-578T) and bone marrow (HS-5) cells to: (i) MTX and 5-FU
alon; (ii) MTX 2 h prior to 5-FU (MTX/5-FU; (iii) 5-FU 2 h
prior to MTX (5-FU/MTX). Results: The growth rate in MDA-
MB-436 was 23.5±3.98%, in Hs-578T 30±5.9% and HS-5
32±3.1% of the control for MTX/5-FU. Whereas the growth rate
in MDA-MB-436 was 28.5±4.1%, in Hs-578T 34.7±3.5% and

HS-5 68.6±6.3% of the control for 5-FU/MTX combinations.
The later combination exhibits significant protection against
MTX cytotoxicity in bone marrow and at same time maintained
maximum cytotoxicity in estrogen negative breast cancer cell
lines. The findings were further supported by cell flow cytometry,
apoptosis and Western blot analysis data. Conclusion: The
combination of 5-FU/MTX effectively maintains the maximum
inhibitory effect of MTX in ER-negative breast cancer and
protects against MTX cytotoxicity in human bone marrow.

Breast cancer is a leading cause of morbidity and mortality
in women, in developed and also in increasingly developing
countries (1). In the United States alone, it is estimated that
46,000 women will die of breast cancer and over 200,000
new cases will be diagnosed annually (2). In the new
millennium, the expected number of annual new cases of
breast cancer worldwide could exceed 1.5 million (3). These
statistics emphasize the urgent need for improvements in
detection, diagnosis, and treatment of breast cancer. Several
studies have shown that the mortality rate of breast cancer
is about three times higher in African-American women
than in other populations (4, 5). In addition, the available
data indicate that the tumors are very aggressive and poorly
differentiated with a very low frequency of hormone
receptors, a higher S-phase fraction and tumor necrosis (6). 

Breast cancer is highly curable if diagnosed at early stage.
It is now well-established that adjuvant systemic therapy
improves survival in patients with early-stage breast cancer
(7). Treatment options for early-stage breast cancer include
chemotherapy (e.g. anthracyclines, taxanes) and hormone
therapy (e.g. tamoxifen, aromatase inhibitor). Recent
progress in diagnosis and therapy has increased the survival
of women in estrogen-dependent (ER-positive) breast cancer.
Unfortunately, ER-negative breast cancers are more
aggressive and unresponsive to anti-estrogens. The treatment
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options available for estrogen-independent tumors are far
from satisfactory, and consequently lead to a poorer
prognosis. The intricate details of breast cell growth control
have not been completely elucidated. Estrogens are known to
play the predominant role in breast cancer development and
growth and much effort has been devoted to block estrogen
formation and action (8). The most widely used therapy for
breast cancer is the use of anti-estrogens, such as tamoxifen.
However, the present breast cancer therapies achieve
meaningful clinical results in only 30-40% of patients (9).
Drug resistance is linked to the presence of estrogen-
independent pathways for breast cancer cell growth (10, 11). 

Adjuvant chemotherapy with methotrexate (MTX) and 5-
fluorouracil (5-FU) are effective in inhibiting proliferation
of breast cancer cells but frequently cause thrombocytopenia
and leucopenia. Major problems with the use of MTX and
5-FU include: a) the lack of selectivity between diseased and
normal cells, and b) equitoxicity of sequential MTX and 5-
FU in both tumor and hematopoietic stem cells. Studies
from this laboratory have shown that a high dose of MTX in
combination with 5-FU was sequence-independent in human
estrogen positive breast cancer cells in producing cytotoxicity
but sequence-dependent in hematopoietic cells. These
studies also suggested that a priming and non-toxic dose of
5-FU administered prior to MTX decreased toxicity to bone
marrow and increased cytotoxic selectivity for estrogen
positive breast cancer cells (MCF-7) (12-14). When 5-FU
preceded MTX, 5-FU diminished the need for leucovorin
rescue of MTX cytotoxicity. The goal of treatment for ER-
negative breast cancer patients receiving chemotherapy
and/or hormonal therapy is the same: to maximize
cytotoxicity to breast cancer cells and to minimize
cytotoxicity to bone marrow. Hence, the present study was
designed to determine the role of sequence-dependent
administration of MTX and 5-FU on the cytotoxicity to
human ER-negative breast cancer and bone marrow cells. 

Materials and Methods 

Methotrexate, 5-fluorouracil, and Trypan blue dye were purchased
from Sigma Chemical Company, St. Louis, MO, USA. An early
passage of human estrogen negative breast cancer (MDA-MB-436
and Hs-578T) and bone marrow (HS-5) were obtained from the
American Type Culture Collection (ATCC), Manassas, VA, USA.
The BCA Protein assay kit, PVDF membrane and Super Signal
West Dura were purchased from Pierce, Rockford IL, USA. Quick
Cell Proliferation Assay Kit was purchased from BioVision, CA,
USA. Propidium iodide (PI), Annexin V and Primary (Rb)
antibody were obtained from BD Biosciences, CA, USA.

Cell culture. Two human estrogen negative breast cancer cell lines
(MDA-MB-436 and Hs-578T) were used in this study. Although
these two cell lines belong to the same class, they possess different
growth rate: the one is fast growing and the other is slow growing.
The similar condition was also observed in tumor growth in humans.

Stock cultures of human estrogen negative breast cancer and human
bone marrow cells (HS-5) were grown in 75 cm3 flasks and
incubated in RPMI-1640 media (Cellgro, Mediatech Inc. VA,
USA). For each experiment, 1x106 cells were plated in 100 mm
tissue culture Petri dishes. One group of cells was maintained
without any drug and served as the control. The remaining groups
were exposed to: (i) MTX and 5-FU alone; (ii) MTX 2 h prior to
5-FU (MTX/5-FU); (iii) 5-FU 2 h prior to MTX (5-FU/MTX).
Drug concentrations were 10 ÌM MTX and 1 ÌM 5-FU. Cells were
exposed for 48 h. 

Assessment of cell viability using the quick cell proliferation assay.
Cell viability studies were performed using the quick cell
proliferation assay following the manufacturer’s protocol.
Briefly, the MDA-MB-436, Hs-578T and HS-5 (1.5x104) cells
growing in 96-well plates in RPMI-1640 media in the presence
or absence of drugs added in the same sequence as described
above. The formazan dye produced by viable cells was
quantified by measuring the absorbance of the dye solution at
440 nm using a microtiter plate reader. Furthermore, cells were
stained with 0.2% Trypan blue dye and then counted in a
heamocytometer. 

Cell cycle analysis. Cell cycle perturbations induced by the drug were
analyzed by propidium iodide (PI) DNA staining as described
elsewhere (15). The cells were grown in 6-well plates (1x105 cells per
well) in the presence or absence of the above-mentioned
combinations. After 48 h of exposure cells were collected and
evaluated after PI staining and cell cycle profiles were obtained using
a BD FACS Calibur Cell flow Cytometer (Becton Dickinson, San
Jose, CA, USA). Data were analyzed by ModFit LT software (Verity
Software House, Inc., Topsham, ME, USA).

Western blot analysis. Western blot was performed as described
elsewhere (15). The mouse anti-human retinoblastoma protein Rb
monoclonal antibody was used in conjunction with horseradish
peroxidase-conjugate. Antibody detection and densitometric
analysis were performed as described elsewhere (15). 

Determination of apoptotic cells. To drug-induced apoptosis was
done using PI staining and followed by cell flow cytometry analysis.
The cells with lower DNA content less than G1, as shown by PI
staining, were defined to be apoptotic (sub-G0/G1 population) and
were determined using a BD FACS Calibur Cell Flow Cytometer
(Becton Dickinson). Data were analyzed by ModFit LT software
(Verity Software House, Inc., Topsham, ME, USA).

Statistical analysis. Data were expressed as mean±standard error.
Statistical differences within and between treatment groups were
determined by one-way ANOVA followed by post-hoc Dunnett’s
comparison test. P<0.05 was considered statistically significant.
Data were analyzed using Graphpad InStat (Graphpad Software
Inc, San Diego, CA, USA). 

Results

Effects of MTX and 5-FU on the growth of human ER-negative
breast cancer and bone marrow cell lines. The growth rate in
the estrogen negative breast cancer cell line (MDA-MB-436)
for MTX and 5-FU alone was 22.5±2.67% and 94.9±8.56%
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that of the control, respectively. Also in this cell line the
growth rate for MTX/5-FU was 23.5±3.98% and for 5-
FU/MTX 28.5±4.1% that of the control. The growth rate of
Hs-578T cell line with MTX and 5-FU alone was 27.4±5.3%
and 88.5±4.5% that of the control, respectively. The growth
rate for MTX/5-FU was 30.9±5.2% and for 5-FU/MTX,
34.7±3.5% that of the control. With respect to the human
bone marrow cell line (HS-5), MTX and 5-FU alone
demonstrated a growth rate of 38.9±3.65% and 90.6±7.59%
that of the control, respectively. The growth rate for HS-5 cells
exposed to MTX/5-FU was 32.4±3.1% and for 5-FU/MTX
was 68.6±6.3% that of the control. A significant reduction in
cell growth compared to the control was observed with MTX
in all cell lines (Figure 1), whereas 5-FU had no effect in cell
growth in all the cell lines studied. The early MTX in
combination 5-FU (MTX/5-FU) maintain the significant
cytotoxicity in ER-negative breast cancer and bone marrow
cell lines. In contrast late MTX (5-FU/MTX) exhibited a
significant protective effect on the MTX cytotoxicity in bone
marrow cells and at the same time maintained antineoplastic
activity in human ER-negative breast cancer cells (Figure 2). 

Effects of MTX and 5-FU on the cell cycle progression of
human estrogen negative breast cancer and bone marrow cell
line. Cell flow cytometry analysis was used to determine the
effect of MTX and 5-FU on the progression of cells in
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Figure 1. The sequence-dependent interaction between MTX and 5-FU on the proliferation of human estrogen negative breast cancer (MDA-MB-436 and
Hs-578T) and bone marrow HS-5 cell lines. Cells were exposed to: (i) 10 ÌM MTX and 1 ÌM 5-FU alone, (ii) MTX 2h prior to 5-FU, (iii) 5-FU 2 h prior
to MTX. Total time of exposure was 48 h. Viability of cells was determined using the Quick Cell Proliferation assays. Results represent mean±SEM of
five independent experiments. Analysis of variance indicated a significant reduction compared to the control (**p<0.01, ***p<0.001) and significant
increase compared to MTX (+p<0.05, ++p<0.01, +++p<0.001).

Figure 2. Effects of MTX and 5-FU on the growth rate in human estrogen
negative breast cancer (MDA-MB-436 and Hs-578T) and bone marrow
HS-5 cells. Cells were exposed to: (i) MTX 2 h prior to 5-FU, (ii) 5-FU 2
h prior to MTX. Total time of exposure was 48 h. Analysis of variance
indicated a significant increase when MTX/5-FU was compared to
5-FU/MTX (+++p<0.001).



human ER-negative breast cancer and bone marrow cell
lines. The cell cycle profile (Figure 3A) is representative of
three independent experiments using the four treatment
groups in MDA-MB-436, Hs-578T and HS-5 cells. Figure

3B shows the percentage of cells in the S-phase. Analysis
revealed that the highest number of cells progressing to the
S-phase of the cell cycle for MDA-MB-436 was found in 
5-FU/MTX (59±5.9%) followed by 5-FU alone (49±5.6%),
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MTX/5-FU (39±2.9%) and then MTX (28±3.8%). The
highest number of cells progressing to the S-phase of the
cell cycle for Hs-578T was found in 5-FU/MTX (53±4.5%)
followed by 5-FU alone (47±4.5%), MTX/5-FU (43±4.5%)
and then MTX (30±4.1%). The highest number of cells
progressing to the S-phase of the cell cycle for HS-5 was
found in MTX/5-FU (47±2.9%) followed by 5-FU/MTX
(42±3.1%), 5-FU alone (37±5.1%) and then MTX
(21±2.5%). The 5-FU in combination with MTX showed
significantly greater number of cells progressing to S-phase
when compared to control. 

Western blot analysis. The retinoblastoma protein (Rb) was
used as a marker to determine the effects of MTX and 
5-FU combination on cellular progression at the molecular
level. The Western blot shown in (Figure 4A) is
representative of five independent experiments using the
four treatment groups. The relative optical density (ROD)
is shown in Figure 4B. The highest density was observed in
5-FU, followed by late MTX (5-FU/MTX), indicating higher
phosphorylation. The lowest density was found in MTX
alone, indicating that fewer phosphorylated Rb proteins

were present. Results revealed that the highest number of
cells progressing to the S-phase of the cell cycle was found
in 5-FU/MTX in estrogen negative cell lines. These
differences were significant when compared to the control.
Similar results were observed with the cell flow cytometry
analysis. The observed differences may be due to the
sequence of administration even though both drugs belong
to S-phase target agents. In addition, the reason 5-FU was
less cytotoxic when administered prior to MTX may be due
to their targets on the folate synthesis pathway and 5-FU
first allows cells to get around the MTX block of
dihydrofolate reductase. 

Determination of apoptotic cells. To drug-induced apoptosis
was done using PI staining and followed by cell flow
cytometry analysis. The cells with lower DNA content, as
shown by PI staining less than G1, were defined to be
apoptotic (sub-G0/G1 population) and were determined using
M1 gate as shown in Figure 5A. The highest number of
apoptotic cells (sub-G0/G1 population) was observed in 5-
FU/MTX for MDA-MB-436 was (40±4.1%) followed by Hs-
578T (37±3.5%) and lowest in HS-5 (7±1.2%) as shown in
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Figure 3. The sequence-dependent interaction between MTX and 5-FU on the cell cycle progression of human estrogen negative breast cancer (MDA-
MB-436 and Hs-578T) and bone marrow HS-5 cell lines. Cells were exposed to: (i) 10 ÌM MTX and 1 ÌM 5-FU alone, (ii) MTX 2 h prior to 5-FU, (iii)
5-FU 2 h prior to MTX. Total time of exposure was 48 h. A: The cell cycle profile is representative of three independent experiments. B: Percentage of
cells in S-phase. Analysis of variance indicated a significant increase compared to control (*p<0.05, **p<0.01, ***p<0.001) and significant increase
compared to MTX (+p<0.05, ++p<0.01, +++p<0.001).



(Figure 5B). The significant protection of apoptotic cell death
was observed in 5-FU/MTX combination in bone marrow
compared to respective control. Whereas, MTX alone and
MTX/5-FU did not show any protection of apoptotic cell
death in bone marrow cells compared to control.

Discussion

Previous studies from this laboratory have shown that 5-FU
was administered prior to MTX, not for additive cytotoxicity
but to provide protection of bone marrow cells and

eliminate the need for leucovorin rescue of MTX
cytotoxicity in human estrogen positive breast cancer cells
(12-14). The selective effect of MTX in breast cancer may
be due to the formation of MTX-polyglutamates
(MTXPGs) (16) in breast cancer cells and the inability of 5-
FU to prevent the inhibitory effects of MTX and MTXPGs.
The synthesis of MTXPGs increases with increasing drug
concentration. The formation of MTXPGs allows for
sustained inhibition of dihydrofolate reductase, thymidylate
synthase, and other folate-requiring enzymes not affected
directly by MTX (such as aminoimidazolecarboxamide
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Figure 4. Effects of MTX and 5-FU on the level of retinoblastoma protein (Rb) as phosphorylated protein marker in human estrogen negative breast
cancer (MDA-MB-436 and Hs-578T) and bone marrow HS-5 cells. Cells were exposed to: (i) 10 ÌM MTX and 1 ÌM 5-FU alone, (ii) MTX 2 h prior
to 5-FU, (iii) 5-FU 2 h prior to MTX. Total time of exposure was 48 h. A: The gel is representative of five independent experiments. B: Analysis of
variance indicated a significant increase compared to control (*p<0.05, **p<0.01, ***p<0.001) and significant increase compared to MTX (+p<0.05,
++p<0.01, +++p<0.001).



ribonucleotide and formylglycinamide ribonucleotide
transformylases) (17). The bone marrow forms little or no
MTXPGs when exposed to MTX (18) and therefore, certain

folate-requiring enzymes would not be inhibited due to the
absence or very low levels of MTXPGs. Hence, sequence-
dependency in bone marrow must be related to 5-FU
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conserving reduced-folate to protect against the direct effect
of MTX (12, 13). By preventing the oxidation of 5,10-
methylenetetrahydrofolate (meTHF), 5-FU could conserve
reduced-folates by altering the meTHF/DHF (dihydrofolate)
ratio. In a previous report (19) it was indicated that
regulation of the meTHF/DHF ratio might be of importance
in regulating the partitioning of meTHF into the competing
pathways of dTMP biosynthesis and regulation of
methionine from homocysteine. An increase in the
meTHF/DHF ratio by 5-FU would spare: a) meTHF for
reduction to 5-methyl-tetrahydrofolate (m-THF), and b) m-
THF for methionine and purine biosynthesis. Further, a
diminution of DHF levels by a priming and non-toxic 5-FU
dose would decrease DHF inhibition of m-THF reductase
(19) and allow for the continuance of THF production and
purine and methionine biosynthesis. The results from the
present study suggested that the incidence and the severity
of MTX/5-FU and 5-FU/MTX cytotoxicity in ER-negative
breast cancer cells were best related to MTX rather than 5-
FU (since 5-FU had no effect which differed from control
and sequential MTX and 5-FU had no effect which differed
from MTX alone). However, 5-FU administered prior to
MTX (5-FU/MTX) showed protection against MTX
cytotoxicity in bone marrow cell line, which agrees with
earlier observations (12).

5-FU and MTX exert their effects on the S-phase of the
cell cycle. The percent of bone marrow cells, exposed to
MTX/5-FU entering the S-phase of the cell cycle was
statistically similar to estrogen negative cells. This suggested
that the cytotoxicity observed in bone marrow when exposed
to MTX/5-FU was due to MTX and 5-FU administration.
The highest number of cells entering to S-phase was
observed in estrogen negative breast cancer cells for 5-
FU/MTX compared to MTX/5-FU. The later combination
was equitoxic in ER-negative breast cancer cells and bone
marrow cells no statistically significant. From our
observation even though 5-FU and MTX exert their effects
on the S-phase of the cell cycle but the highest number of
cells entering to S-phase observed in 5-FU than MTX alone
and 5-FU/MTX compared to MTX/5-FU there may be
underlying mechanism(s) which need further investigation.
Similar results were also observed in Western blot analysis.
Therefore, the selectivity observed when administering 5-
FU and MTX may primarily be due to toxicity not cell cycle
specificity. As cells grow and migrate to next phase of cell
cycle Rb has to be phosphorylated. So in a cytotoxic
environment Rb may not be phosphorylated as much
compared to less toxic environment and to control. The
decreased cytotoxicity of 5-FU/MTX in bone marrow may
be due to: i) conservation of reduced folates by 5-FU, ii)
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Figure 5. Percentage of apoptosis calculated by measuring sub-G0/G1 population using cell flow cytometry in all the cell lines mentioned. The cells with
lower DNA content showing less PI staining than G1 were defined to be apoptotic. (A) The cell cycle profile with M1 gate is representative of three
independent experiments. (B) Percent of apoptotic cells in the M1 gate (sub-G0/G1 population). Analysis of variance indicated a significant increase
compared to control (*p<0.05, **p<0.01, ***p<0.001) and significant increase or decrease compared to MTX (+p<0.05, ++p<0.01, +++p<0.001).



formation of MTXPGs in estrogen negative breast cancer
cells but not bone marrow, iii) or there may be other
mechanism(s) that haven’t been studied yet, which is
supported by the data from the present study. It was also
observed that the highest numbers of apoptotic cells were
found in MDA-MB-436 followed by Hs-578T. There was no
significant apoptotic cell death in bone marrow cells when
treated with 5-FU/MTX compared to control. The results
further confirmed that 5-FU/MTX combination maintained
antineoplastic activity in human estrogen negative breast
cancer cells and same time protect bone marrow cells from
methotrexate cytotoxicity. 

Our findings suggested that sequence-dependent
administration of 5-FU/MTX provides a cytotoxic advantage
against estrogen negative breast cancer cells since
hematopoietic cells (bone marrow) were protected by 5-
FU/MTX combination. The observations from this study
have important implications regarding therapeutic dosing
regime of MTX in combination with non-toxic dose of 5-FU
in the treatment of estrogen negative breast cancer while
protecting the bone marrow. In addition, African-American
patients may be benefited from this drug combination
regimen since a higher incidence of ER-negative breast
cancers is reported for this population. 

Acknowledgements

This work was supported by the RCMI grant G12RR003048-18.
We are thankful to the Department of Pharmacology, College of
Medicine, Howard University, Washington, D.C., U.S.A., for
allowing us to use their core facilities to conduct the present
research work.

References

1 Perera NM and Gui GP: Multi-ethnic differences in breast
cancer: current concepts and future directions. Int J Cancer
106: 463-467, 2003.

2 Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor
A, Feuer EJ and Thun MJ: Cancer statistics. CA Cancer J Clin
55: 10-30, 2005. 

3 Parkin DM, Bray F, Ferlay J and Pisani P: Estimating the world
cancer burden: Globocan 2000. Int J Cancer 94: 153-156, 2001.

4 American Cancer Society. Cancer facts and figures-2001.
Atlanta: American Cancer Society, 2001.

5 Phillips J and Smith ED: Breast cancer control and African
American women: a review. Cancer Invest 19: 273-280, 2001.

6 Chen VW, Correa P, Kurman RJ, Wu XC, Eley JW, Austin D,
Muss H, Hunter CP, Redmond C, Sobhan M, Coates R,
Reynolds P, Herman AA and Edwards EK: Histological
characteristics of breast carcinoma in blacks and whites. Cancer
Epidemiol Biomarkers Prev 3: 127-135, 1994.

7 Early Breast Cancer Trialists Collaborative Groups: Effect of
chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: an over view of randomized
trials. Lancet 356: 1687-1717, 2005.

8 Jordan VC and Gradishar WJ: Molecular mechanisms and
future uses of antiestrogens. Mol Aspects Med 18: 167-247,
1997.

9 Labrie F, Labrie C, Belanger A, Simard J, Gauthier S, Luu-The
V, Merand Y, Giguere V, Candas B, Luo S, Martel C, Singh
SM, Fournier M, Coquet A, Richard V, Charbonneau R,
Charpenet G, Tremblay A, Tremblay G, Cusan L and Veilleux
R: EM-652 (SCH 57068), a third generation SERM acting as
pure antiestrogen in the mammary gland and endometrium. J
Steroid Biochem Mol Biol 69: 51-84, 1999.

10 Filardo EJ: Epidermal growth factor receptor (EGFR)
transactivation by estrogen via the G-protein-coupled
receptor, GPR30: a novel signaling pathway with potential
significance for breast cancer. J Steroid Biochem Mol Biol 80:
231-238, 2002. 

11 Filardo EJ, Quinn JA, Bland KI and Frackelton AR Jr:
Estrogen-induced activation of Erk-1 and Erk-2 requires the G
protein-coupled receptor homolog, GPR30, and occurs via trans-
activation of the epidermal growth factor receptor through
release of HB-EGF. Mol Endocrinol 14: 1649-1660, 2000.

12 Bowen D, Johnson DH, Southerland WM, Hughes DE and
Hawkins M: 5-Fluorouracil simultaneously maintains
methotrexate antineoplastic activity in human breast cancer and
protects against methotrexate cytotoxicity in human bone
marrow. Anticancer Res 19: 985-988, 1999.

13 Bowen D, Southerland WM, Johnson DH, Hawkins M Jr and
Hughes DE: Implications for improved high-dose methotrexate
therapeutic effects in cultured human breast cancer and bone
marrow cells. Cancer Detect Prev 24: 452-458, 2000.

14 White RM: 5-Fluorouracil modulates the toxicity of high dose
methotrexate. J Clin Pharmacol 35: 1156-1165, 1995.

15 Das JR, Fryar EB, Epie NN, Southerland WM and Bowen D:
Raloxifene attenuation of methotrexate cytotoxicity in human
bone marrow by sequence-dependent administration of
raloxifene, 5-FU/methotrexate. Anticancer Res 26: 1877-1884,
2006.

16 Jolivet J, Schilsky RL, Bailey BD, Drake JC and Chabner BA:
Synthesis retention, and biological activity of methotrexate
polyglutamates in cultured human bone marrow. J Clin Invest
70: 351-360, 1982.

17 Chabner BA, Allegra CJ, Curt GA, Clendeninn NJ, Baram J,
Koizumi S, Drake JC and Jolivet J: Polyglutamation of
methotrexate. Is methotrexate a prodrug? J Clin Invest 76: 907-
912, 1985.

18 Koizumi S, Curt GA, Fine RL, Griffin JD and Chabner BA:
Formation of methotrexate polyglutamates in purified myeloid
precursor cells from normal human bone marrow. J Clin Invest
75: 1008-1014, 1985.

19 Matthews RG and Baugh CM: Interactions of pig liver
methylenetetrahydrofolate reductase with methylenetetrahydro-
pteroylpolyglutamate substrates and with dihydropteroylpoly-
glutamate inhibitors. Biochemistry 19: 2040-2045, 1980.

Received July 12, 2007
Accepted July 30, 2007

Das et al: Sequence-dependent Antagonism between 5-FU and MTX

3799



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


