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Abstract lle/lle, 43% were heterozygous, f@BSTP1 lle/Val,and 6% were
homozygous for the variant allel§STP1 Val/Val(5). The GSTP1
Val*** variant is infrequent, with<15% of Caucasians genotyped
having aGSTP1 Val** allele (6). Differences in specific activity

A glutathione S4ransferase (GST) P1 polymorphism results in an
amino acid substitution, lle*°*Val; the Val-containing enzyme has reduced

activity toward alkylating agents. Cancer patients with the variant enzyme . - ;
may differ in removal of treatment agents and in outcomes of therapy. We between GSTP1 enzymes containivigl compared withlle at posi-

evaluated survival according toGSTP1genotype among womenr( = 240)  tion 105 have been demonstrated with several classes of substrates.
treated for breast cancer. Women with the low-activity Val/val genotype ~ Catalytic efficiency with the chemotherapeutic drug thiotepa was
had better survival. Compared with lleflle, hazard ratios for overall demonstrated to be 2-fold lower for the GSTP1 ¥avariant com-
survival were 0.8 (95% confidence interval, 0.5-1.3) fotle/Val and 0.3 pared with GSTP1 I (7). Because thiotepa and cyclophosphamide
(95% confidence interval, 0.1-1.0) forVal/Val (P for trend = 0.04). actthrough related alkylating intermediates, it is likely that the GSTP1

Inherited metabolic variability may influence treatment outcomes. Val®® variant will also differ in activity toward cyclophosphamide.
) Similarly, GSTP1 variants may also differ in detoxification of reactive
Introduction oxidant damage, although this has not been assayed. We hypothesized

; ; o5
Despite the favorable prognosis for many women treated for breg;é?t cancer patients with théSTP1 Val®® variant genotype may

cancer, in some instances cancer will recur, presumably because sbFiRO"d differently to treatment because of altered activity in enzy-

tumor cells survive primary therapy. Inherited variability in metabor-nat'c removal of treatment agents and ultimately may have differ-

lism of therapeutic agents is expected to be responsible, in part, &Sg_ﬁgllr;lésolg/vl\llal' Wte investigated survnt/al ?Cg(;rdlgg totlnherlted
individual differences in response to cancer treatment (1). Cyclophc%- al genotype among women treated for breast cancer.

phamide-based chemotherapy regimens and radiotherapy are Wi‘l‘ﬁ!}ﬁjects and Methods

used in the treatment of breast cancer. The reactive molecules respon-

sible for cytotoxicity of these therapies are subject to enzymatic Eligible Subjects. This study was conducted at the Arkansas Cancer Re-
removal, and variability of cells in sensitivity to therapy could depengearch Center and approved by the Institutional Review Board of the Univer-
in part, on the availability and activity of specific metabolizing ensity of Arkansas for Medical Sciences, a research hospital. Women receiving

zymes. GST enzymes are an important cellular defense system tP@[emotherapy or radiation as first course of therapy for incident, primary,

. L . . . invasive breast cancer at Arkansas Cancer Research Center from 1985 to 1996
protects cells from chemical injury by catalyzing conjugation OvPvere identified through the tumor registry. Women with a history of prior

reactive electrophilic molecules with glutathione. GSTs catalyze d@éncer were excluded. For each subject, age, race, and follow-up information

tox!flca’[lon of alkylating age“ts _use_d In Chemothgrapy and detoXiffzere optained from the registry. The registry actively conducts annual fol-
cation of products of reactive oxidation (2). The pi-class human GSigw-up for each patient, contacting the physician or the patient, and maintains
GSTP1, was shown to catalyze glutathione conjugation of reactivormation on date last contacted, vital status, and recurrence status. Registry
cyclophosphamide metabolites im vitro assays (3). GSTP1 is alsorecords were also used to obtain information on type of therapy receieed (
thought to play a role in protection from oxidative damage. GSTP1dgrgery, chemotherapy, radiation, or hormonal therapy) and dates of treatment.
the major GST expressed consistently in both normal and tumor bre@ggistry and pathology records were reviewed for information on disease
tissue (4). TheGSTP1gene is polymorphic, with important differ- characteristics at time of diagnosis, including stage, positive nodes, and estro-
ences in activity according to genotype. Single nucleotide substi? @nd progesterone receptor status.

tions at ALG (5) and G4 (6) result in amino acid changes Genotyping. Archived paraffin blocks from surgery were the source of

10 1 ) 7~ tissue for genotyping. Only women with normal tissue available for genotyping
lle**Val and Ald**Val, respectively. The GSTP1 fiéval substi- were included in the studyn(= 240). The majority (76.4%) of normal tissue

tution is located near the substrate binding site of the enzyme, and {B€cimens were normal lymph nodes; the remainder were skin or breast tissue.
variant Is fairly common in Caucasians. For example, in a healtr each subject, 5pm sections were cut and placed in sterile tubes for DNA
population, 51% were homozygous for the common all@§TP1 extraction. Tissue was deparaffinized, and DNA was extracted using a com-
mercial kit (Qiagen). We detected thke'°*val polymorphism by a PCR-
Received 7/5/00; accepted 8/22/00. RFLP-based method that has been described previously (8). Restriction en-
The costs of publication of this article were defrayed in part by the payment of paggme BSnAl (New England Biolabs, Hertfordshire, United Kingdom) was
charges. This article must therefore be hereby maedrtisemenin accordance with — gybstituted forAlw26I, resulting in an equivalent digestion.
18 U.S.C. Section 1734 solely to indicate this fact. I - P o
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and G. Y. M. were supported by fellowships from the National Center for Toxicologic@iatient characteristics were assessed \Bytest and Fischer's exact test.
Research/Oak Ridge Institute for Science and Engineering. Survival and recurrence in relation to genotype were evaluated using Kaplan-
2To whom requests for reprints should be addressed, at Arkansas Cancer Resegsher survival function and Cox proportional hazards models. For overall

Center, University of Arkansas for Medical Sciences, 4301 West Markham Street, S# : i . . ) .
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Table 1 Selected characteristics of 240 women treated for breast cancer, by GS?@'?VHEgenotype
GSTP1codon 105 genotype

All subjects (%) lle/lle (%) lle/Val (%) Val/Val (%)

Total 240 110 107 23
Age at diagnosis

=39 26 (10.8) 13 (11.8) 10 (9.4) 3(13.0)

40-49 82 (34.2) 35(31.8) 36 (33.6) 11 (47.8)

50-59 71 (29.6) 36 (32.7) 32(29.9) 3(13.0)

60-69 42 (17.5) 19 (17.3) 18 (16.8) 5(21.7)

70+ 19 (7.9) 7 (6.4) 11 (10.3) 1(4.4)
Race

Caucasian 192 (80.0) 93 (84.6) 80 (74.8) 19 (82.6)

African-American 48 (20.0) 17 (15.5) 27 (25.2) 4(17.4)
Stage

| 65 (27.1) 32(29.1) 27 (25.2) 6(26.1)

II, node negative 48 (20.0) 19 (17.3) 23 (21.5) 6 (26.1)

Il, node positive 73 (30.4) 38 (34.6) 29 (27.1) 6 (26.1)

1] 41 (17.1) 18 (16.4) 19 (17.8) 4(17.4)

v 13 (5.4) 3(2.7) 9(8.4) 1(4.4)
Estrogen receptor status

Positive 147 (61.3) 62 (56.4) 71 (66.4) 14 (60.9)

Negative 93 (38.8) 48 (43.6) 36 (33.6) 9(39.1)
Progesterone receptor status

Positive 111 (46.3) 49 (44.6) 54 (50.5) 8(34.8)

Negative 129 (53.8) 61 (55.5) 53 (49.5) 15 (65.2)

Val*®allele compared with women homozygous for the more com@8mP 1 The Kaplan-Meier function for survival bysSTP1genotype is

lle'% allele. Hazard ratios were calculated from the Cox model first bghown in Fig. 1GSTPIgenotype was associated with overall survival
univariate analysis and then from a multivariate model with adjustment fi analysis by Cox proportiona| hazards model, adjusted for age, race,
prognostic factors. In the adjusted model, stage and node status at diagr@%@e at diagnosis, and estrogen and progesterone receptor status.
(categories as shown in Table 1), and age at diagnosis (four catego#@s: Hazard ratios are shown in Table 2. Compared with women with

40-49, 50-69, and=70) were included as stratifying variables, and racesTp1 lleflle genotype, there was a trend of better survival
(Caucasian or African-American, excluding other or unknown) and estrogen™ 0.04) with i " ber GBSTP1 Valallel In th
and progesterone receptor status were included as covariates. Trend Was - ) with increasing number alalleles. In the

evaluated using likelihood ratio tests comparing models with and withouts@Plan-Meier plot, survival in the heterozygous/Val group was
variable representing the number of variant alleles (0, 1, and 2); reffesttedt ~ VETy similar to the homozygoukte/lle women, and the hazard ratio
trend tests are two-sided. For analysis of disease-free survival, time fréf@m the univariate Cox model for thige/Val group was 1.0. How-
disease-free date to recurrence, death, or last follow-up was calculated, and

adjusted hazard ratios were estimated from the Cox model, including prog-

nostic factors as described for analysis of overall survival.
10ty 1

Results 09 - -

o,

Of the 240 subjects genotyped, 189 women had received chemo- , 98 e N
therapy (72 received both chemo- and radiotherapy and 117 received :% 07
chemotherapy only) and 51 had received radiotherapy but no chem- 2 o6y w...e. “Zf{',i,
otherapy. Among women receiving chemotherapy, when specific § . - = =Valival
chemotherapy agents were noted, the most commonly used agents § 0s
were cyclophosphamide (received by 95%), 5-fluorouracil (80%), and £
Adriamycin (76%). Deaths of 71 women were recorded by the reg- 03
istry, with cancer as cause of death for 49, other causes for 6, and 0.2
unknown causes for 16. Median follow-up among 169 women alive at 0.1
last contact was 58 months. Disease recurrence was recorded for 69 0.0
0 1 2 3 4 5 6 7 8

women. Among women with recurrence and with information avail-
able on therapies received after recurrence, 60% received chemotherg, 4 risk
apy after recurrence, and 37% received radiotherapy.

Years from Diagnosis

L ; : lie/ll 110 9% 62 35 1
Characteristics of the study population are shown in Table 1. The “2,\,2, 107 94 51 32 1i
study population included more wometb0 years of age at diagnosis,  Val/val 23 22 19 1 6

and more with stage at diagnosis above | than would be expected ifig. 1. kaplan-Meier function for overall survival among women treated for breast
an incident case group. The overrepresentation of younger age egnger, byGSTP1 llé°Val genotype.
higher stage was present among all breast cancer cases in the Arkan-

sas Cancer Research Center tumor registry. Women with these char- Table 2 Survival among 240 women treated for breast cancer, by GSTP1

acteristics seemed to have been more likely to be referred to this lle®3val genotype

research hospital for treatment than other incident cases. The distri- Hazard ratid

bution of GSTP1genotypes was 48%STP1 lle/lle,42% GSTP1 GSTP1codon 105 genotype No. of cases Deaths  (95% Cl)

lle/Val, and 10%GSTP1 Val/Valamong 192 Caucasian cases and lle/ile 110 35 1 Reference

35% GSTP1 lle/lle,56% GSTP1 lle/Val,and 8% GSTP1 Val/Val lle/val 107 33 0.8(0.5-1.3)
valival 23 3 0.3(0.1-1.0)

among 48 African-American cases. Table 1 shows the distribution-ef - - .
d hi d thological feat di t t p a_Hazard ratios from Cox proportional hazards model, adjusted for age, race, stage at
emographic and pathological reatures according to genotype. %‘QQHOSiS, node status, and estrogen and progesterone receptor status. Trend in hazard

ological features did not differ significantly by genotype. ratio associated with number GSTP1variant allelesP = 0.04.
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Fig. 2. Kaplan-Meier function for overall sur-
vival among women treated for breast cancer, by
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ever, there was confounding by stage at diagnosis. Nine of the Jtients with less activity in removal of chemotherapy agents because
women in thdle/Val group but only 3 of 110 in thée/lle group were of the presence of the less active, variant form of GSTP1. The
stage IV, so that after adjustment for stage, the hazard ratio changghificant trend across genotypes was evidence of a gene-dose effect.
to 0.8. When the analysis was limited to deaths that occurred withAithough theGSTP1genotype showed little association with time to
3 years or within 5 years after diagnosis, adjusted hazard ratios for teeurrence, women with th&STP1 Val/Valgenotypes had longer
GSTP1 lle/ValandVal/Val genotypes were similar to those in Tablesurvival after recurrence than those WaisTP1 lle/lle To our knowl-
2. When the analysis was restricted to women treated by chemothedge, there is only one prior published studyG8$TP1genotype and
apy, hazard ratios were essentially unchanged. Subgroup analyggponse to treatment for cancer. Among children with acute lympho-
were conducted by age and by estrogen receptor status (Fig. BRastic leukemia (9), patients witBSTP1 Val/Valgenotype had an
Although there was little statistical power for assessment of survivalmost 3-fold reduction in risk of relapse. A role of chance in the
differences byGSTP1within subgroups, on visual inspection of thepresent study should be considered. Our conclusion of a difference in
Kaplan-Meier functions, it appears that the association between #igvival relies largely on the experience of women with Yra/Val
homozygousGSTP1 Val®® variant genotype and better survival isgenotype, a group of only 23 subjects. However, the survival differ-
present in each subgroup. ence was significant at tHe = 0.05 level, and the reduction in hazard

A second analysis was conducted considering disease-free survivals strong; therefore, this finding, if replicated in future studies,
evaluating time from disease-free date to recurrence or death. Excldguld be of clinical significance.
ing 8 subjects described as “never disease free,” for this analysis 82nherited differences in GSTP1 activity in removal of chemother-
subjects had recurred or died, and 141 were alive and free of recgify agents, and specifically of cyclophosphamide, is a plausible
rence at the end of follow-up. Hazard ratios were 1.0 (95% Céxplanation for the association with survival observed in the present
0.6-1.6) for theGSTP1 lle/Valgroup and 0.7 (95% ClI, 0.3-1.8) for study, particularly in light of laboratory evidence that the GSTP1
the GSTP1 Val/Vaigroup. In further analysis, we evaluated overalbnzyme exhibits specific activity in glutathione conjugation of cyclo-
survival by GSTP1genotype after recurrence. Among women wh@hosphamide intermediates (3). When survival analysis in the present
had a recurrence, the time from recurrence to death was significandfyigy was restricted to subjects who received chemotherapy, hazard
longer, and hazard of death was leBsf¢r trend = 0.05) for women  ratios were essentially the same as those from the analysis including
with the GSTP1 Vakllele; hazard ratios were 0.8 (95% Cl, 0.4-1.8)ne total study population. GSTP1 activity in detoxification of base
for GSTP1 lle/Valvomen and 0.2 (95% Cl, 0.04-1.0) for te&8TP1  rgpenals (10), products of hydroxyl radical reaction with DNA, may
Val/Val group. implicate GSTP1 in protection from radiation damage; however, it is
unclear whether base propenals are of critical importance in the
context of overall damage to cells from reactive oxidation (11). Only

In this study, women with two inherited alleles for t&&STP1 Val 51 subjects in our study received radiation therapy only, and most of
variant, which has lower specific activity toward alkylating agentshese were stage | patients who were alive and free of recurrence at the
had better overall survival after treatment for breast cancer thand of observation. Therefore, it was not possible to analyze survival
women homozygous for th&STP1 lleallele. The hazard of death according toGSTP1status among the radiotherapy-only group or to
among women homozygous for the variant allele was 30% of that fevaluate statistically whether the association betw&&TP1geno-
women homozygous for the common allele. This result is consistaype and survival differed by type of treatment.
with the hypothesis that therapy would be more successful amongsSTP1 expression in tumor tissue as measured by immunohisto-
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chemistry predicts poorer prognosis for cancers of several sifgs, 3. Dirven, H. A., van Ommen, B., and Van Bladeren, P. J. Involvement of human
; ; : inglutathioneStransferase isoenzymes in the conjugation of cyclophosphamide metab-

ovary (12, 13). Studies of GSTP1 enzyme expression and prognogls |ngIites with glutathione. Cancer ReS4: 62156220, 1994,

women treated for breast cancer (14-18), however, have not providgdrorrester, L. M., Hayes, J. D., Millis, R., Barnes, D., Harris, A. L., Schlager, J. J.,

consistent evidence of a relationship. Our finding of a survival dif- Powis, G., and Wolf, C. R. Expression of glutathidd&ransferases and cytochrome

ference in women with breast cancer according to host constitutive ngg in normal and tumor breast tissue. Carcinogenesis (Latt)2163-2170,

GSTP1genotype is biologically plausible, even in the absence of 8. Harries, L. W., Stubbins, M. J., Forman, D., Howard, G. C., and Wolf, C. R.
relationship between breast tumor GSTP1 expression and prognosisl_dentiﬁcation of genetic polymorphisms at the glutathi&e&ansferase Pi locus and

s . L . . association with susceptibility to bladder, testicular and prostate cancer. Carcinogen-
Among individuals with similar levels of GSTP1 expression in tumor,  ogic'( ond.)18: 641-644, 1997.

enzyme catalytic activity would be expected to vary according t®. Ali-Osman, F., Akande, O., Antoun, G., Mao, J. X., and Buolamwini, J. Molecular

presence of varianGSTP1genotype. Furthermore, GSTP1 is ex- cloning, characterization, and expressiorEstherichia coliof full-length cDNAs of

. . . . . three human glutathion&transferasePi gene variants. Evidence for differential
pressed in many other tissues, including liver and RBCs, and the catalytic activity of the encoded proteins. J. Biol. CheB¥.2: 1000410012, 1997.
GSTP1genotype may modify the effective tumor dose of chemother?. Srivastava, S. K., Singhal, S. S., Hu, X., Awasthi, Y. C., Zimniak, P., and Singh, S. V.

: ; ; Differential catalytic efficiency of allelic variants of human glutathidk&ansferase
apy by alterlr?g _SyStemlC druQ metabolism. . Pi in catalyzing the glutathione conjugation of thiotepa. Arch. Biochem. Biophys.,
The association betweeBSTP1genotype and survival that we  3e6:89-94, 1999.

observed remained after adjustment for age, stage at diagnosis, n@déin, D. X., Tang, Y. M., Peng, Q., Lu, S. X., Ambrosone, C. B., and Kadlubar, F. F.

P : : Susceptibility to esophageal cancer and genetic polymorphisms in glutatSione
status, race, and hormone receptor status, Indlcatlng that the associ ransferases T1, P1, and M1 and cytochrome P450 2E1. Cancer Epidemiol. Biomark.

tion was not the result of racial variation, nor was the association prev.,7: 1013-1018, 1998.
attributable to relationships betwe@STPlgenotype and one of 9 Stanulla, M., Schrappe, M., Brechlin, A. M., Zimmermann, M., and Welte, K.

th tic fact In th t studv. inf i t Polymorphisms within glutathion®&transferase gene&6TM1, GSTT1, GSTPand
€seé prognostic factors. In thé present study, Informaton on tumor e o¢ relapse in childhood B-cell precursor acute lymphoblastic leukemia: a case-

grade, p53 expression, HER2/neu expression, and multidrug resist-control study. Blood95: 1222-1228, 2000.
ance protein expression was unavailable; therefore, we cannot exclifgjgderhane, K., Widersten, M., Engstrom, A., Kozarich, J. W., and Mannervik, B.

. . . Detoxication of base propenals and othepB-unsaturated aldehyde products of
a relationship between one of these pathological feature&G&iP1 radical reactions and lipid peroxidation by human glutathione transferases. Proc. Natl.

genotype as a mechanism for the association betv@snPland Acad. Sci. USA91: 1480-1484, 1994.

survival. For example, Nedelchew. al (19) reported that loss of 11. Hayes, J. D., and McLellan, L. I. Glutathione and glutathione-dependent enzymes
’ ! T represent a co-ordinately regulated defence against oxidative stress. Free Radicals

heterozygosity at th@53 locus in breast cancer was more frequent Res_31: 273-300, 1999.
among women with eé5STP1 Val°® variant allele. However, the 12. Green, J. A, Robertson, L. J., and Clark, A. H. Glutathiteansferase expression

. . in benign and malignant ovarian tumours. Br. J. Can68r,235-239, 1993.
relationship betwee®STP1genotype and one of these unmeasure&. Hamac?a, S., Kamgda, M., Furumoto, H., Hirao, T., and Aono, T. Expression of

prognostic factors would have to be quite strong to account for the glutathioneStransferase-pi in human ovarian cancer as an indicator of resistance to
observed association betweB8STPl1and survival. Future research on Cshlemothe_falgy- Synecol; Osn60é521_3_13g31% _1d994- MG Luisi A L "

. . . . Silvestrini, R., Veneroni, S., Benini, E., Daidone, M. G., Luisi, A., Leutner, M.,
_metabollc polymorphisms and breaSt cancer prpgnOSB should tét_%eMaucione, A., Kenda, R., Zucali, R., and Veronesi, U. Expression of p53, glutathione
into account molecular prognostic factors to consider whether genetic s-transferase-pi, and Bcl-2 proteins and benefit from adjuvant radiotherapy in breast
variation of the host acts independently, or through a causal pathwaycancer [see comments]. J. Natl. Cancer I&d:,639-645, 1997. )

ith h . K . di . dicti h 157 Peters, W. H., Roelofs, H. M., van Putten, W. L., Jansen, J. B., Klijn, J. G., and
wit .Ot er prognostic ma'f ers as intermediates, in predicting thera- Foekens, J. A. Response to adjuvant chemotherapy in primary breast cancer: no
peutic response and survival. correlation with expression of glutathiorgtransferases. Br. J. Cancé8: 86-92,

- T i~ 1993.
In summary, our data indicate that host constitutional metabol MacGrogan, G., Mauriac, L., Durand, M., Bonichon, F., Trojani, M., de Mascarel, I.,

variability may greatly impact the efficacy of treatment for breast and coindre, 3. M. Primary chemotherapy in breast invasive carcinoma: predictive

cancer. Although the role of genetic variability in metabolic enzymes value of the immunohistochemical detection of hormonal receptors, p53, c-erbB-2,
i R H H : H :cMiB1, pS2 and GST pi. Br. J. Cancef4: 1458-1465, 1996.

has been Stuqled extenswely n relgtlon to Ch,emlcal Carc!nOgeneIS).sAlpert, L. C., Schecter, R. L., Berry, D. A., Melnychuk, D., Peters, W. P., Caruso,

and cancer risk, there has been little attention to the impact of j A Townsend, A. J., and Batist, G. Relation of glutathiéreansferaser and

pharmacogenetics on response to treatment for cancer, particularly forisoforms to response to therapy in human breast cancer. Clin. Cancer3Res.,

. s . 661-667, 1997.
_bre_a_St ca_ncer. Further research in this _flelq could contribute to mq%e Gilbert, L., Elwood, L. J., Merino, M., Masood, S., Barnes, R., Steinberg, S. M.,
individualized cancer treatment strategies in the future. Lazarous, D. F., Pierce, L., d’/Angelo, T., and Moscow, J. A. A pilot study of pi-class
glutathioneS-transferase expression in breast cancer: correlation with estrogen re-
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