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GENE RELATING TO ESTIMATION OF 
POSTOPERATIVE PROGNOSIS FOR BREAST 

CANCER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of US. 
application Ser. No. 10/590,219, ?led on Jan. 17, 2007, Which 
is currently pending. This application claims priority to US. 
application Ser. No. 10/590,219, to International Application 
No. PCT/JP04/12455, ?led onAug. 24, 2004, and to Japanese 
Patent Application No. JP 2004-048593, ?led on Feb. 24, 
2004. The contents of all priority applications are incorpo 
rated by reference herein in their entireties. 

TECHNICAL FIELD 

[0002] The present invention relates to a gene correlated 
With prediction of the postoperative prognosis of breast can 
cer. Further, the present invention relates to a method of 
inspecting the postoperative prognosis of breast cancer using 
this gene, a method of screening cancer therapeutic medicines 
for controlling the postoperative prognosis of breast cancer, 
and a diagnosis kit for the postoperative prognosis of breast 
cancer. 

BACKGROUND ART 

[0003] Breast cancer is a disease situated as a superior 
cause for female lethality due to cancer, hoWever, there are 
found still no dominant reasons for determining the grade of 
malignancy and survival prognosis from the biological stand 
point. 
[0004] The condition of an estrogen receptor (ER) is one 
determining element for clinical and biological symptoms of 
human breast cancer. Adjuvant hormone therapeutics is usu 
ally effective in ER-positive breast cancer patients irrespec 
tive of age, condition in the menopause, correlation With 
axillary nodes, and tumor diameter. HoWever, ER-negative 
breast cancer is resistance to this therapeutic method (J Clin 
Oncology (2001) 19, 3817-1827, Breast Cancer (2001) 8, 
298-304). Patients having an ER-negative tumor do not nec 
essarily shoW the same response to chemical therapy. Since 
existent indices cannot classify breast cancer of this type 
depending on clinical symptom, the postoperative prognosis 
is recogniZed to be various (J Natl Inst (1991) 83, 154-155, J 
Natl Cancer Inst (2000) 93, 979-989). 
[0005] Prognosis of breast cancer patients With no lymph 
node metastasis (node-negative breast cancer; n0) is better 
than that of metastatic breast cancer patients. HoWever, in 
Japan, the present inventors have found that 16% of node 
negative breast cancer patients replapse Within 5 years after 
the initial operation (Clin Cancer Res (2000) 6, 3193-3198). 
[0006] Prediction of the postoperative prognosis of breast 
cancer patients shoWs increasing in importance from the 
standpoint of adjuvant therapeutics currently utiliZable. A 
gene marker Which is useful in identifying patients shoWing a 
possibility of relapsing after an operation gives a merit Which 
suitable preoperative adjuvant therapeutics can be applied to 
a high risk patient, and enables prevention of occurrence of 
unnecessary, complicated and uncomfortable side effects. 
[0007] Conventionally, postoperative procedures for indi 
vidual patients are determined depending on tumor diameter 
and the stage, metastasis to a lymph node, diagnosis by clini 
copathological factors, search of a hormone receptor, and the 
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like, hoWever, they are not critical methods (Cancer (1982) 
50, 2131-2138, Histopathology (1991) 19, 403-410, Int J 
Cancer (1996) 69, 135-141, Am J Clin Oncol (1997) 20, 
546-551, Eur J Cancer (2002) 38, 1329-1334, Jpn J Cancer 
Res (2000) 91, 293-300). 
[0008] Recently, there is a prognosis marker for postopera 
tive breast cancer patients, intending determination of an 
importance of mutations of genes. These gene mutations 
include a mutation of p53 (Breast Cancer Res Treat (2001) 69, 
65-68), loss of heteroZygosity in several alleles (Int J Clin 
Oncol (2001) 6, 6-12), and abnormal expressions of a BRCA2 
gene (Int J Cancer (2002) 198, 879-882), WTI gene (Clin 
Cancer Res (2002) 8, 1167-1171), HER2/neu gene (Arch 
Surg (2000) 135, 1469-1474) and Ki-67 gene (J Pathol (1999) 
187, 207-216). HoWever, these Would not be recogniZed as 
effective prognosis predicting means When taking into con 
sideration a fact Which a cancer is a disease oWing to accu 
mulation of abnormalities of multiple genes. 
[0009] Further, in these years, genome projects in various 
organisms are being progressed, and a lot of genes and their 
base sequences typically including a human gene are being 
clari?ed quickly. The function of a gene having a clari?ed 
sequence can be checked by various methods. As one of the 
effective methods, knoWn is a gene expression analysis 
method utiliZing clari?ed base sequence information. For 
example, there are developed methods utiliZing various 
nucleic acid-nucleic acid hybridization reactions and various 
PCR reactions as typi?ed by Northern Hybridization, and 
relations betWeen various genes and expressions of their 
organism functions can be checked by these methods. 
Though the number of applicable genes is limited in these 
methods, there have been developed a methodology and a 
novel analysis method called DNA microarray method (DNA 
chip method) enabling lump expression analysis of multiple 
genes, for carrying out comprehensive and systemic analysis 
of extremely many genes such as one individual level, as 
being clari?ed recently through genome projects. 
[0010] As the DNA microarray, a lot of shapes are knoWn 
such as that in Which DNA synthesis is conducted on many 
discrete cells applying a lithography technology (US. Pat. 
No. 5,445,934), that in Which cells composed of grooves or 
holes are formed on a board and a probe is ?xed to the inner 
Wall of the cell (Tokkyo KOKAI (unexamined Japanese 
patent application) Nos. 11-108928, 2000-78998), a microar 
ray in Which a probe is ?xed to a gel such as acrylamide and 
the like for increasing the amount of a probe to be ?xed on a 
chip (US. Pat. No. 5,770,721, Tokkyo KOKAI No. 2000 
60554), and the like. 
[0011] Also knoWn is a microarray obtained by fabricating 
a nucleic acid ?xed gel retaining ?ber array Which retains a 
nucleic acid ?xed gel, and cutting this array along a direction 
crossing the ?ber axis of the array (Tokkyo KOKAI Nos. 
2000-270878, 2000-270879). 
[0012] Recent studies have found that a cDNA microarray 
technology is effective for identi?cation of a novel gene 
marker for cancer diagnosis. To date, some researchers have 
carried out microarray analysis of breast cancer, hoWever, 
there is no description about data of breast cancer gene 
expression property capable of predicting the postoperative 
prognosis of breast cancer (Proc Natl Acad Sci USA (1999) 
96, 9212-9217, Nature (2000) 406, 747-752, Proc Natl Acad 
Sci USA (2001) 98, 11462-11467, Cancer Res (2001) 61, 
5979-5984, Cancer Res (2000) 60, 2232-2238, Cancer Res 
(2001) 61, 5168-5178, Proc Natl Acad Sci USA (2001) 98, 
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10869-10874). As one exception, it is shown that a speci?c 
pro?le of a lymph node metastasis negative tumor gives a 
prediction of a short interval before progressing to distant 
metastasis (N Engl J Med (2002) 347, 1999-2009). 

DISCLOSURE OF THE INVENTION 

[0013] The present invention has an object of providing 
innovative means for predicting the postoperative prognosis 
of breast cancer patients from the standpoint of gene expres 
sion, based on results obtained by genome-Wide and compre 
hensive analysis on gene expression in breast cancer. 
[0014] The present inventors have comprehensively ana 
lyZed gene expression of a human gene by a DNA microarray 
and compared gene expression functions of breast cancers in 
various conditions, thereby, establishing a system for predict 
ing the postoperative prognosis of breast cancer. 
[0015] That is, the present invention provides the folloWing 
genes (groups) (1) to (8). 
[0016] (1) A gene consisting of at least one of the folloWing 
de?nitions correlated With prediction of the postoperative 
prognosis of breast cancer; 
[0017] 1) a marker gene group capable of establishing clas 
si?cation of genes from breast cancer patients died Within 5 
years after a surgical operation (5y-D group) and genes from 
patients survived free of disease for several years or more 
after the operation (5y-S group), depending on their expres 
sion functions, in estrogen receptor-negative breast cancer, 
[0018] 2) a marker gene group capable of establishing clas 
si?cation of genes from n0 breast cancer patients recurred 
Within 5 years after an operation (5Y-R group) and genes from 
patients survived free of disease for 5 years or more after the 
operation (5Y-F group), depending on their expression func 
tions, in (node-negative)(n0) breast cancer With no metastasis 
to a lymph node in the operation, 
[0019] 3) a marker gene group capable of establishing clas 
si?cation of genes from breast cancer patients died Within 5 
years after a surgical operation (5D group) and genes from 
patients survived free of disease for several years or more 
after the operation (58 group), depending on their expression 
functions, in primary breast cancer. 
[0020] (2) A gene selected from the folloWing sequences 
correlated With prediction of the postoperative prognosis of 
primary breast cancer; 
[0021] pro-alpha-1 type 3 collagen (PIIIP), 
[0022] complement component Clr, 
[0023] dihydropyrimidinase-like 3 (DPYSL3), 
[0024] protein tyrosine kinase 9-like (PTK9L), 
[0025] carboxypeptidase E (CPE), 
[0026] alpha-tubulin, 
[0027] beta-tubulin, 
[0028] heat shock protein HSP 90-alpha gene, 
[0029] malate dehydrogenase, 
[0030] NADH dehydrogenase (ubiquinone) 1 beta sub 

complex, 3 (NDUFB3). 
[0031] (3) A gene selected from the folloWing sequences 
highly expressed in a group of goodprognosis correlated With 
prediction of the postoperative prognosis of primary breast 
cancer; 
[0032] pro-alpha-1 type 3 collagen (PIIIP), 
[0033] complement component Clr, 
[0034] dihydropyrimidinase-like 3 (DPYSL3), 
[0035] protein tyrosine kinase 9-like (PTK9L), 
[0036] carboxypeptidase E (CPE), 
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[0037] alpha-tubulin, 
[0038] beta-tubulin. 
[0039] (4) A gene selected from the folloWing sequences 
highly expressed in a group of bad prognosis correlated With 
prediction of the postoperative prognosis of primary breast 
cancer; 
[0040] heat shock protein HSP 90-alpha gene, 
[0041] malate dehydrogenase, 
[0042] NADH dehydrogenase (ubiquinone) 1 beta sub 

complex, 3 (NDUFB3). 
[0043] (5) A gene selected from the folloWing sequences 
correlated With prediction of the postoperative prognosis, in 
(node-negative)(n0) breast cancer With no metastasis to a 
lymph node in operation; 
[0044] AF058701/DNA polymerase Zeta catalytic subunit 
(REV3), 

[0045] AI066764/lectin, galactoside-binding, souble, 1 
(galectin 1), 

[0046] x15940/ribosomal protein L31, 
[0047] Hs.94653/neurochondrin (KIAA0607), 
[0048] M13436/ovarian beta-A-inhibin, 
[0049] Hs.5002/copper chaperone for superoxide dismu 

tase; CCS, 
[0050] D67025/proteasome (prosome, macropain) 26S 

subunit, non-ATPase, 3, 
[0051] M80469/MHC class I HLA-J gene, 
[0052] Hs.4864/ESTs, 
[0053] Hs.106326/ESTs. 
[0054] (6) A gene selected from the folloWing sequences 
highly expressed in a group of bad prognosis correlated With 
prediction of the postoperative prognosis, in (node-negative) 
(n0) breast cancer With no metastasis to a lymph node in 
operation; 
[0055] AF058701/DNA polymerase Zeta catalytic subunit 
(REV3), 

[0056] AI066764/lectin, galactoside-binding, soluble, 1 
(galectin 1), 

[0057] x15940/ribosomal protein L31. 
[0058] (7) A gene selected from the folloWing sequences 
highly expressed in a group of good prognosis correlated With 
prediction of the postoperative prognosis, in (node-negative) 
(n0) breast cancer With no metastasis to a lymph node in 
operation; 
[0059] Hs.94653/neurochondrin (KIAA0607), 
[0060] M13436/ovarian beta-A-inhibin, 
[0061] Hs.5002/copper chaperone for superoxide dismu 

tase; CCS, 
[0062] D67025/proteasome (prosome, macropain) 26S 

subunit, non-ATPase, 3, 
[0063] M80469/MHC class I HLA-J gene, 
[0064] Hs.4864/ESTs, 
[0065] Hs.106326/ESTs. 
[0066] (8) A gene selected from the folloWing sequences 
correlated With prediction of the postoperative prognosis, in 
estrogen receptor-negative breast cancer; 
[0067] Hs.108504/FLJ201 13/ubiquitin-speci?c protease 

otubain 1 
[0068] Hs.146550/MYH9/myosin, heavy polypeptide 9, 
non-muscle 

[0069] Hs.194691/RAI3/retinoic acid induced 3 
[0070] Hs.1975/TDRD3/tudor domain containing 3 
[0071] Hs.203952/TRRAP/transformation/transcription 

domain-associated protein 
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[0072] Hs.278607/GSA7/ubiquitin 
E1-like protein 

[0073] Hs.429/ATP5G3/ 
[0074] ATP synthase, H+ transporting, mitochondrial 
FOcomplex, subunitc (subunit9) isoform3 
[0075] Hs.75305/AIP/aryl hydrocarbon receptor interact 

ing protein 

activating enzyme 

[0076] Hs.81170/PIM1/pim-1 oncogene 
[0077] Hs.99987/ERCC2/ 
[0078] excision repaircross-complementingrodentrepaird 
e?ciency, complementationgroup2 
[0079] Y12781/Transducin (beta) like 1 protein 
[0080] Hs.104417/KIAA1205 protein 
[0081] c1 .21783/ Hypothetical protein 
[0082] Hs.112628/Hypothetical protein: MGC43581 
[0083] Hs.170345/Hypothetical protein FLJ13710 
[0084] Hs.53996/Weakly similar to Zinc ?nger protein 135 
[0085] Hs.55422/Hypothetical protein 
[0086] Hs.112718/EST 
[0087] Hs.115880/EST 
[0088] Hs.126495/EST 
[0089] The present invention also provides a gene selected 
from the above-mentioned (8), as a gene highly expressed in 
a group of bad prognosis. 
[0090] Further, the present invention provides a DNA 
microarray carrying thereon the gene according to any one of 
the above-mentioned (1) to (8) and/ or a probe speci?c to the 
gene, and preferably, the DNA microarray is a ?ber type 
microarray. 
[0091] The above-mentioned gene and/ or probe speci?c to 
the gene can be used as a marker in a method of inspecting the 
postoperative prognosis of breast cancer. Further, it can be 
also used as a marker for cancer therapeutic medicines for 
controlling the postoperative prognosis of breast cancer. The 
above-mentioned microarray can be used in a method of 
inspecting the postoperative prognosis of breast cancer. 
[0092] Further, the present invention provides a method of 
screening cancer therapeutic medicines for controlling the 
postoperative prognosis of breast cancer using as a marker the 
above-mentioned gene and/or probe speci?c to the gene. The 
above-mentioned microarray can be used in the above-men 
tioned screening method. 
[0093] The marker can be included as a reagent, and can be 
used as a diagnosis kit for the postoperative prognosis of 
breast cancer. The reagent kit includes a DNA microarray 
carrying thereon a marker, preferably, a ?ber type microarray. 
[0094] According to the means of the present invention, 
completely novel breast cancer correlated genes have been 
found and simultaneously, it has been found that these genes 
are correlated deeply With malignant degeneration of breast 
cancer and ?nally, exert an in?uence on the prognosis of 
breast cancer patients. Further, by establishing a mathemati 
cal formula for evaluating expression condition of the found 
gene, a completely novel and effective breast cancer postop 
erative prognosis predicting system has been developed. The 
system of the present invention from the standpoint of gene 
expression is believed to be an innovative prognosis predict 
ing system arresting the biological essentiality of a cancer, 
utterly different from conventional prognosis evaluation 
methods, When taking into consideration a fact Which a can 
cer is a disease oWing to abnormality of a gene. 

BRIEF DESCRIPTION OF DRAWINGS 

[0095] The patent or application ?le contains at least one 
draWing executed in color. Copies of this patent or patent 
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application publication With color draWing(s) Will be pro 
vided by the of?ce upon request and payment of the necessary 
fee. 
[0096] FIG. 1 is a photograph shoWing a gene group (A) 
manifesting increase and a gene group (B) manifesting 
decrease in expression in 5y-D group as compared With 5y-S 
group. 
[0097] FIG. 2 is a photograph shoWing analysis results of 
semi-quantitative RT-PCR of RNAs derived from 5y-S group 
and 5y-D group. 
[0098] FIG. 3 shoWs prognosis scores in individual 
patients. 
[0099] FIG. 4 is a photograph shoWing analysis results of 
semi-quantitative RT-PCR of RNAs derived from 5Y-F group 
and 5Y-R group. 
[0100] FIG. 5 is a photograph shoWing analysis results of 
semi-quantitative RT-PCR of RNAs derived from 5Y-F group 
and 5Y-R group. 
[0101] FIG. 6 shoWs prognosis scores in individual 
patients. 
[0102] FIG. 7 is a photograph shoWing analysis results of 
semi-quantitative PCR of 7 genes highly expressed in SS 
tumor. 

[0103] M: marker ladder 
[0104] S1-S10: neWly inspected tissues of patients survived 
free of disease for 5 years or more after operation. 
[0105] D1-D10: neWly inspected cases of patients died of 
breast cancer Within 5 years after operation. 
[0106] Difference in expression strength Was evaluated by 
Student’s t-test; When p value is 0.05 or less, statistical sig 
ni?cance is believed to be present. 
[0107] FIG. 8 is a photograph shoWing analysis results of 
semi-quantitative PCR of 3 genes highly expressed in 5D 
group. For explanation of marks, please see explanation in 
FIG. 7. 
[0108] FIG. 9 shoWs results illustrating prognosis indices 
(PI) of neWly inspected 20 cases. The indices of all 10 patients 
survived free of disease for 5 years or more Were higher than 
7. On the other hand, the indices of patients died of breast 
cancer Within 5 years after operation Were loWer than 7. 
Distribution of tWo groups is statistically signi?cant (p:0. 
0002). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[01 09] The marker gene group correlated With prediction of 
the postoperative prognosis of breast cancer as one aspect of 
the present invention is obtained by analysis by cDNA 
microarray of the expression functions of genes from patients 
manifesting death or recurring Within 5 years after a surgical 
operation and patients survived for 5 years or more after the 
operation, in estrogen receptor-negative breast cancer, node 
negative breast cancer and primary breast cancer. 
[0110] Speci?cally, one aspect of the present invention is a 
gene consisting of at least one of the folloWing de?nitions 
selected from knoWn sequences correlated With prediction of 
the postoperative prognosis of breast cancer; 
[0111] 1) a marker gene group capable of establishing clas 
si?cation of genes from breast cancer patients died Within 5 
years after a surgical operation (5y-D group) and genes from 
patients survived free of disease for several years or more 
after the operation (5y-S group), depending on their expres 
sion functions, in estrogen receptor-negative breast cancer, 



US 2011/0009284 A1 

[0112] 2) a marker gene group capable of establishing clas 
si?cation of genes from n0 breast cancer patients recurred 
Within 5 years after an operation (5Y-R group) and genes from 
patients survived free of disease for 5 years or more after the 
operation (5Y-F group), depending on their expression func 
tions, in (node-negative)(n0) breast cancer With no metastasis 
to a lymph node in the operation, 
[0113] 3) a marker gene group capable of establishing clas 
si?cation of genes from breast cancer patients died Within 5 
years after a surgical operation (5D group) and genes from 
patients survived free of disease for several years or more 
after the operation (5S group), depending on their expression 
functions, in primary breast cancer. 
[0114] The gene correlated With prediction of the postop 
erative prognosis of breast cancer of the present invention is 
obtained by evaluating the data of a cDNA microarray using 
a Random-permutation test and a Mann-Whitney test. The 
present invention presents an approach more useful at clinical 
level, by evaluating gene expression functions by a combina 
tion of a cDNA microarray and a semi-quantitative PCR 
experiment. 
[0115] In the present invention, a gene correlated With pre 
diction of the postoperative prognosis of primary breast can 
cer has been identi?ed by evaluating gene expression func 
tions in breast cancer patients. 
[0116] Speci?cally, one aspect of the present invention is a 
gene selected from the folloWing sequences selected from 
knoWn sequences correlated With prediction of the postopera 
tive prognosis of primary breast cancer; 
[0117] pro-alpha-1 type 3 collagen (PIIIP), 
[0118] complement component Clr, 
[0119] dihydropyrimidinase-like 3 (DPYSL3), 
[0120] protein tyrosine kinase 9-like (PTK9L), 
[0121] carboxypeptidase E (CPE), 
[0122] alpha-tubulin, 
[0123] beta-tubulin, 
[0124] heat shock protein HSP 90-alpha gene, 
[0125] malate dehydrogenase, 
[0126] NADH dehydrogenase (ubiquinone) 1 beta sub 

complex, 3 (NDUFB3). 
[0127] In the present invention, “high expression” means 
that the expression level of a subject gene is, When compared 
With the average value of the expression levelss of the same 
gene in a parent population, higher than the average value, for 
example, 2-fold or more of the average value. 

[0128] In the present invention, “loW expression” means 
that the expression level of a subject gene is, When compared 
With the average value of the expression levels of the same 
gene in a parent population, loWer than the average value, for 
example, 2-fold or less of the average value. 
[0129] Some of the above-mentioned genes are believed to 
be correlated With proliferation or distant metastasis of tumor 
cells, and for example, a heat shock protein HSP 90-alpha is 
a chaperone for a lot of kinases, and has a possibility of 
promoting groWth of cancer cells (N eckers, L (2002) Trends 
Mol Med 8, S55-61). Malate dehydrogenase is an important 
enZyme correlated With energy accompanying aerobic or 
anaerobic metabolism, and the activity of malate dehydroge 
nase is correlated With a tumor marker for squamous cell 
carcinoma (Ross, C. D., et al. (2000) Otolaryngol Head Neck 
Surg 122, 195-200). NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 3(NDUFB3) belongs to an mitochondorial 
electron transport chain, and chromosome abnormality in a 
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region containing NDUFB3 is remarkable in a breast cancer 
cell line MDA-MB-231 (Xie, D., et al. (2002) Int] Oncol 21, 
499-507). 
[0130] The above-mentioned 10 genes correlated With pre 
diction of the postoperative prognosis of primary breast can 
cer shoW different expressions in a group of good prognosis 
(5S group) and a group of bad prognosis (5Y group), and 7 
genes among the 10 genes are genes highly expressed in a 
group of good prognosis (5S group). 
[0131] Namely, one aspect of the present invention is a gene 
selected from the folloWing sequences highly expressed in a 
group of good prognosis selected from knoWn sequences 
correlated With prediction of the postoperative prognosis of 
primary breast cancer; 
[0132] pro-alpha-1 type 3 collagen (PIIIP), 
[0133] complement component Clr, 
[0134] dihydropyrimidinase-like 3 (DPYSL3), 
[0135] protein tyrosine kinase 9-like (PTK9L), 
[0136] carboxypeptidase E (CPE), 
[0137] alpha-tubulin, 
[0138] beta-tubulin. 
[0139] 3 genes among the 10 genes correlated With predic 
tion of the postoperative prognosis of primary breast cancer 
are genes highly expressed in a group of bad prognosis (5Y 
group). Namely, one aspect of the present invention is a gene 
selected from the folloWing sequences highly expressed in a 
group of bad prognosis selected from knoWn sequences cor 
related With prediction of the postoperative prognosis of pri 
mary breast cancer; 
[0140] heat shock protein HSP 90-alpha gene, 
[0141] malate dehydrogenase, 
[0142] NADH dehydrogenase (ubiquinone) 1 beta sub 

complex, 3 (NDUFB3). 
[0143] Here, the prediction index (PI) for primary breast 
cancer is de?ned as described beloW and can be used for 
prediction of the postoperative prognosis of breast cancer. 

Prediction index (PI):(total of normalized expression 
ratios of the above-mentioned 7 genes highly 
expressed in a group of good prognosis in breast can 
cer tissue)—(total of normalized expression ratios of 
the above-mentioned 3 genes highly expressed in a 
group of bad prognosis in breast cancer tissue) 

[0144] In the present invention, gene expression functions 
in breast cancer patients have been evaluated and 10 genes 
correlated With prediction of the postoperative prognosis of 
node-negative breast cancer have been identi?ed. 
[0145] Speci?cally, one aspect of the present invention is a 
gene selected from the folloWing sequences selected from 
knoWn sequences correlated With prediction of the postopera 
tive prognosis, in (node-negative)(n0) breast cancer With no 
metastasis to a lymph node in operation; 
[0146] AF058701/DNA polymerase Zeta catalytic subunit 
(REV3), 

[0147] AI066764/lectin, galactoside-binding, soluble, 1 
(galectin 1), 

[0148] x15940/ribosomal protein L31, 
[0149] Hs.94653/neurochondrin (KIAA0607), 
[0150] M13436/ovarian beta-A-inhibin, 
[0151] Hs.5002/copper chaperone for superoxide dismu 

tase; CCS, 
[0152] D67025/proteasome (prosome, macropain) 26S 

subunit, non-ATPase, 3, 
[0153] M80469/MHC class I HLA-J gene, 
[0154] Hs.4864/ESTs, 
[0155] Hs.106326/ESTs. 
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[0156] The above-mentioned genes correlated With predic 
tion of the postoperative prognosis of node-negative breast 
cancer include genes correlated With proliferation and distant 
metastasis of tumor cells. For example, galectin 1 is an auto 
crine type cancer repressor for regulating cell differentiation 
(Axel H, et al. (2003) Int. J. Cancer, 103: 370-379). Further, a 
gene activating cancer metastasis is included. 
[0157] The above-mentioned 10 genes correlated With pre 
diction of the postoperative prognosis of node-negative breast 
cancer shoW different expressions in a group of good prog 
nosis (SY-F group) and a group of bad prognosis (SY-R 
group), and 3 genes among the 10 genes are genes highly 
expressed in a group of bad prognosis (SY-R group). Namely, 
one aspect of the present invention is a gene selected from the 
folloWing sequences highly expressed in a group of bad prog 
nosis selected from knoWn sequences correlated With predic 
tion of the postoperative prognosis, in node-negative breast 
cancer in operation; 
[0158] AF058701/DNA polymerase Zeta catalytic subunit 

(REV3), 
[0159] Al066764/lectin, galactoside-binding, soluble, 1 

(galectin 1), 
[0160] x15940/ribosomal protein L31. 
[0161] 7 genes among the 10 genes correlated With predic 
tion of the postoperative prognosis of node-negative breast 
cancer are genes highly expressed in a group of good prog 
nosis (SY-F group). Namely, one aspect of the present inven 
tion is a gene selected from the folloWing sequences highly 
expressed in a group of good prognosis selected from known 
sequences correlated With prediction of the postoperative 
prognosis, in node-negative breast cancer; 
[0162] Hs.94653/neurochondrin (KIAA0607), 
[0163] M13436/ovarian beta-A-inhibin, 
[0164] Hs.5002/copper chaperone for superoxide dismu 

tase; CCS, 
[0165] D67025/proteasome (prosome, macropain) 26S 

subunit, non-ATPase, 3, 
[0166] M80469/MHC class I HLA-J gene, 

[0167] Hs.4864/ESTs, 
[0168] Hs.l06326/ESTs. 
[0169] Here, the prognosis score (PS) for node-negative 
breast cancer is de?ned as described beloW and can be used 
for prediction of the postoperative prognosis of breast cancer. 

Prognosis score (PS):(total ofnonnalized expression 
ratios of the above-mentioned 3 genes highly 
expressed in a group of bad prognosis in breast cancer 
tissue)—(total of normalized expression ratios of the 
above-mentioned 7 genes highly expressed in a group 
of good prognosis in breast cancer tissue). 

[0170] In the present invention, 20 genes correlated With 
prediction of the postoperative prognosis of estrogen recep 
tor-negative breast cancer have been identi?ed, by evaluating 
gene expression functions in breast cancer patients. 
[0171] Speci?cally, one aspect of the present invention is a 
gene selected from the folloWing sequences selected from 
knoWn sequences correlated With prediction of the postopera 
tive prognosis, in estrogen receptor-negative breast cancer; 
[0172] Hs.108504/FLJ20113/ubiquitin-speci?c protease 

otubain 1 
[0173] Hs.l46550/MYH9/myosin, heavy polypeptide 9, 
non-muscle 

[0174] Hs.l94691/RA13/retinoic acid induced 3 
[0175] Hs.l975/TDRD3/tudor domain containing 3 
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[0176] Hs.203952/TRRAP/transformation/transcription 
domain-associated protein 

[0177] Hs.278607/GSA7/ubiquitin 
E1 -like protein 

activating enZyme 

[0178] Hs.429/ATP5G3/ATP synthase, H+transporting, 
[0179] mitochondrialFOcomplex, subunitc (subunit9) iso 
form3 

[0180] Hs.75305/AlP/aryl hydrocarbon receptor interact 
ing protein 

[0181] Hs.81170/PlMl/pim-1 oncogene 
[0182] Hs.99987/ERCC2/excisionrepaircross-comple 
mentingrodentrepairde?ciency,complementationgroup2 

[0183] Y12781/Transducin (beta) like 1 protein 
[0184] Hs.l044l7/KIAA1205 protein 
[0185] cl.21783/Hypothetical protein 
[0186] Hs.1 12628/Hypothetical protein: MGC43581 
[0187] Hs.l70345/ Hypothetical protein FLJ13710 
[0188] Hs.53996/Weakly similar to Zinc ?nger protein 135 
[0189] Hs.55422/Hypothetical protein 
[0190] Hs.112718/EST 
[0191] Hs.1 15880/EST 
[0192] Hs.l26495/EST 
[0193] The above-mentioned genes correlated With predic 
tion of the postoperative prognosis of estrogen receptor-nega 
tive breast cancer include genes correlated With proliferation 
and distant metastasis of tumor cells. For example, PlMl is 
serine/threonine kinase, and there is a correlation betWeen 
clinical results of prostate cancer and the expression (Oester 
reich, S., et al. (1996) Clin Cancer Res, 2, 1199-1206). 
TRRAP protein is a subunit of a mammal HTA complex, and 
antisense RNA against TRRAP inhibits estrogen-dependent 
groWth of breast cancer cells. 
[0194] The above-mentioned 20 genes correlated With pre 
diction of the postoperative prognosis of estrogen receptor 
negative breast cancer shoW high expression in a group of bad 
prognosis (5y-D group). Namely, one aspect of the present 
invention is a gene selected from knoWn sequences correlated 
With prediction of the postoperative prognosis, in the above 
mentioned estrogen receptor-negative breast cancer highly 
expressed in a group of bad prognosis. 
[0195] Here, postoperative prognosis of breast cancer can 
be predicted as described beloW, based on the expression of 
the above-mentioned gene correlated With prediction of the 
postoperative prognosis of estrogen receptor-negative breast 
cancer; 
[0196] (1) When the expression levels in breast cancer tis 
sue of the above-mentioned 20 genes correlated With predic 
tion of the postoperative prognosis of estrogen receptor-nega 
tive breast cancer are compared With the average value in a 
parent population, and if the expression level of each gene is 
2-fold or more of the average value in a parent population, one 
point is imparted, 
[0197] (2) When the procedure of (1) is carried out on 20 
genes, and if the total point is 8 points or more, prognosis is 
decided to be bad. 
[0198] The above-mentioned gene correlated With predic 
tion of the postoperative prognosis of breast cancer can be 
used as a marker for inspection of breast cancer postoperative 
prognosis. Namely, one aspect of the present invention is a 
method of inspecting the postoperative prognosis of breast 
cancer using the above-mentioned gene as a marker. 

[0199] The above-mentioned gene correlated With predic 
tion of the postoperative prognosis of breast cancer can be 
used as a marker for screening of cancer therapeutic medi 
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cines for controlling the postoperative prognosis of breast 
cancer. Namely, one aspect of the present invention is a 
method of screening cancer therapeutic medicines for con 
trolling the postoperative prognosis of breast cancer using the 
above-mentioned gene as a marker. 

[0200] 
tion of the postoperative prognosis of breast cancer can be 

The above-mentioned gene correlated With predic 

used as a marker for diagnosis of the postoperative prognosis 
of breast cancer. It is also possible to design probes speci?c to 
the above-mentioned gene and to use these probes as a 

marker. These probes can be designed, for example, by Probe 
Quest (registered trademark) manufactured by Dyna Com. 
Namely, one aspect of the present invention is a diagnosis kit 
for the postoperative prognosis of breast cancer containing a 
reagent using the above-mentioned gene as a marker. 

[0201] The above-mentioned diagnosis kit can include a 
microarray. Namely, one aspect of the present invention is the 
diagnosis kit, Wherein the diagnosis kit includes a microarray. 
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(Tissue Sample) 

[0205] An informed consent Was obtained according to a 
guide line accepted by an ethics committee of Cancer Society 
and by Nippon Medical School, then, primary breast cancer 
and tissue from adjacent normal mammary gland Were col 
lected from breast cancer patients Who undergone an opera 
tion in 1995 to 1997 in Cancer Society attached hospital 
(Tokyo). The tissue Was quickly froZen and preserved at —80° 
C. For 954 patients, all members Were clinically traced during 
a period of 5 years or more or until death, and samples Were 
selected from 10 estrogen receptor-negative breast cancer 
patients died Within 5 years after the operation (5y-D) and 10 
patients survived free of disease for 5 years or more after the 
operation (5y-S). The backgrounds of both the patient groups 
Were alloWed to coincide in age, lymph node metastasis, 
tumor diameter and tissue type (Table 1). 

(Clinical Feature of 20 Cases of Breast Cancer) 

[0206] 

TABLE 1 

TNM classi?cation 1’ 

group Case No. ER condition Age Sex Process ‘’ Tumor Lymph node TTD C 

5y-D 3281 Negative 34 Female a2 T2 N1 b 9 
3459 Negative 64 Female a2 T4 N3 6 
3550 Negative 73 Female a2 T4 N1 b 12 
3892 Negative 62 Female a2 T2 N1 a 21 
3948 Negative 60 Female a2 T2 N1 a 51 
4020 Negative 50 Female a2 T2 N3 28 
3654 Negative 46 Female a2 T4 N1 b 19 
4118 Negative 53 Female a2 T1 N1 a 21 
4462 Negative 34 Female a1 T2 N1 a 24 
4126 Negative 51 Female b5 T4 N3 6 

5y-S 3656 Negative 31 Female a2 T2 N1 a >60 
3197 Negative 42 Female a1 T1 N1 a >60 
3662 Negative 5 8 Female a2 T2 N0 >60 
3241 Negative 47 Female a2 T2 N1 a >60 
3267 Negative 51 Female a2 T2 N1 a >60 
3329 Negative 60 Female a2 T2 N1 a >60 
3345 Negative 43 Female a1 T2 N2 >60 
3556 Negative 59 Female a2 T3 N0 >60 
3558 Negative 57 Female a2 T3 N1 b >60 
3658 Negative 42 Female a1 T2 N1 a >60 

'1 a1: invasive papillotubular carcinoma. a2: invasive solid-tubular carcinoma. b5: squamous cell carcinoma. 

b TNM classi?cation: clinical classi?cation by Japan Breast Cancer Society 

C TTD: time to death a?er surgery (months) 

[0202] The microarray of the above-mentioned diagnosis 
kit including a microarray includes a ?ber type microarray. 
Here, for a method of preparing a ?ber type microarray, the 
above-mentioned patent documents 6 to 7 are cited. Namely, 
one aspect of the present invention is the above-mentioned 
diagnosis kit Wherein the microarray is a ?ber type microar 
ray. 

[0203] Next, aspects of the present invention Will be spe 
ci?cally illustrated by examples, but the present invention is 
not limited to these examples. 

Example 1 

[0204] Evaluation of gene expression function for predic 
tion of the postoperative prognosis in estrogen receptor-nega 
tive breast cancer 

[0207] All patients underWent postoperative adjuvant 
therapy according to “Postoperative clinical protocol for 
breast cancer (nyugan no tameno shujutsugo no rinsho no 
purotokoru)” of Cancer Society attached hospital. In each 
case, selection of adjuvant therapy Was determined strictly 
based on surgical operation type, lymph node involvement 
condition, and presence of local or distant metastasis. In the 
study of the present invention, all patients did not have distant 
metastasis before the adjuvant chemical therapy and did not 
undergo radiation therapy or chemical therapy before the 
surgical operation. 

(Clinicopathological Parameter) 
[0208] The folloWing parameters Were checked: tissue 
type, tumor diameter and invasion (t factor), lymph node 
involvement, and conditions of estrogen receptor (ER) and 
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progesterone receptor (PgR). Tumors Were classi?ed into the 
following types according to TNM classi?cation and to tissue 
classi?cation of Japan Breast Cancer Society (1989); nonin 
vasivetubular (1a), invasivepapillotubular (a1), invasive 
solid-tubular (a2), invasivescirrhouscarcinoma (a3), and 
other special types (b). The classi?cation is basically the same 
as breast cancer tissue classi?cation of WHO. t factors Were 
classi?ed into the folloWing types according to histologial 
TNM classi?cation; tumor With a maximum size of 2 cm or 
less (t1), tumor With no invasion into skin or pectoral muscle 
and With a maximum size of 2 cm or more (t2), and tumor With 
invasion into skin or pectoral muscle (t3). 
(Design and Construction of cDNA Microarray) 
[0209] From 25344 cDNAs selected from UniGene data 
base, “genome Wide cDNA microarray” Was constructed. The 
cDNAs Were made by RT-PCR using poly(A)+RNAs sepa 
rated from various human organs. The PCR products Were 
spotted on slide glasses of type 7 (Amersham Biosciences UK 
Limited, Buckinghamshire, UK) using Array Spotter Genera 
tion III (Amersham Biosciences). Each slide contains 384 
house-keeping genes. 

(Preparation and Proliferation of RNA) 

[0210] A tumor raW material Was quickly frozen at —80° C. 
immediately after collection. RNA Was extracted using TRI 
zol (Invitrogen Inc., Carlsbad, Calif., USA), further, puri?ed 
using RNeasykits (Quiagen Inc., Valencia, Calif.). The purity 
of each RNA Was evaluated by a spectrophotometry and 
electrophoresis on 1.2% modi?ed formamide gel. The high 
purity RNA Was de?ned as a sample having an absorbance 
ratio (260 nm/280 nm) of 1.8 to 2.0 and in Which 28S/18S 
liposomal bands shoW a ratio of 1.8 or more on formamide gel 
electrophoresis. After treating With 1 unit of DNaseI (Epicen 
tre Technoloies, Madison, Wis.) (1 unit/pl), RNA ampli?ca 
tion by T7RNA polymerase Was carried out using 2 pg of 
RNA from each sample as a starting raW material. Ampli? 
cation Was carried out tWice, and the ampli?ed RNA (aRNA) 
Was puri?ed by RNeasykits (Quiagen Inc., Valencia, Calif.). 
The amount of each aRNA Was measured by a spectropho 
tometer, and the quality Was checked by formamide gel elec 
trophoresis. 
(Labeling of aRNA, Hybridization and Scanning) 
[0211] cDNA for microarray analysis Was prepared from 
aRNA. aRNAs (5 to 10 pg) from breast cancer and normal 
mammary gland tissue Were labeled With Cy5 (cancer 
sample) and Cy3 (normal sample) using aminoallyl-cDNA 
labeling kits (Ambion, Austin, Tex.). The Cy3-labeled cDNA 
probe and the Cy5-labeled cDNA probe Were mixed and 
heated at 95° C. for 5 minutes, then, quenched With ice for 30 
seconds, and hybridized on a microarray. The mixed probes 
Were added to formamide (Sigma-Aldrich Corp., St. Louis, 
Mo., USA) having a 50% ?nal concentration of microarray 
hybridization solution version 2 (Amersham Biosciences UK 
Limited, Buckinghamshire, UK). After hybridization at 40° 
C. for 15 hours, the microarray slides Were Washed ?rst With 
1><SSC and 0.2% SDS at 55° C. for 10 minutes, then, Washed 
tWice With 0.1><SSC/0.2% SDS each for 1 minute at room 
temperature. All treatments Were carried out by Automated 
Slide Processor System (Amersham). The signal strength of 
each hybridization Was scanned by Gene Pix 4000A (Axon 
Instruments, Inc., Foster City, Calif., USA), and evaluated by 
Gene Pix 3.0 (Axon Instruments) by a spectrophotometry. 
The scanned signals Were normalized by a method described 
in the folloWing literature (the total gene normalization 
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method) (Yang Y H, Dudoit S, Luu P, et al. (2002) Nucleic 
Acids Res 30, e15; Manos E J, Jones D A. (2001) Cancer Res 
61: 433-348). 

(Signal Analysis and Selection of Genes ShoWing Different 
Expressions) 

[0212] The signal strength of each hybridization Was evalu 
ated by a photometry by Gene Pix 3.0 (Axon Instruments, 
Inc., Foster City, Calif., USA). For normalizing mRNA 
expression levels betWeen cancer and control, the Cy5:Cy3 
ratio in each gene expression Was adjusted. As a result, the 
averaged Log (Cy5:Cy3 ratio) of the house keeping genes 
Was zero. 27 house keeping genes Were adopted from a house 
keeping panel in Web site http://WWW.nhgri.nih.gov/DIR/ 
LCG/ARRAY/expn.html. For each microarray slide, the cut 
off value of (S/N) ratio Was set at 3.0. Genes With signal 
strengths of Cy3 and Cy5 loWer than the cut off value Were 
excluded out of the investigation. 

(Mann-Whitney Test) 

[0213] For investigating genes shoWing apparently differ 
ent expressions betWeen 5y-D tumor and 5y-S tumor, Mann 
Whitney test Was applied to a series of samples X. X repre 
sents Cy5/Cy3 signal strength ratio of each gene and each 
sample (Ono K, Tanaka T, Tsunoda T, et al. (2000) Cancer 
Res 2000; 60: 5007-5011). The U value Was calculated for 
genes imparting signi?cant signals in at least 5 samples in 
both groups. Genes shoWing U values of loWer than 23 or 
larger than 77 Were selected. Since the U value is obtained by 
calculation for 5y-S group based on 5y-D group in each gene 
based on each X value, U values loWer than 23 Were evaluated 
to manifest higher expression in 5y-S group than in 5y-D 
group. HoWever, genes With U values higher than 77 Were 
evaluated to manifest higher expression in 5y-D group than in 
5y-S group. Base on this criterion, 183 genes Were highly 
expressed in 5y-S group and 31 genes Were highly expressed 
in 5y-S group. Thus, only genes in Which intermediate 
expression values shoW a difference of 2-fold or more 

betWeen tWo groups (uXD/uXS§0.5 or 22.0, uXD and uXS 
represent average X values in 5y-D and 5y-S group, respec 
tively) Were de?ned as genes correlated With prognosis. As a 
result, 110 genes in total Were selected. Of them, 90 genes 
Were expressed at higher level in 5y-D tumor group and 20 
genes Were expressed at higher level in 5y-S tumor group. 

(Random-Permutation Test) 
[0214] Further, for evaluating values of 110 genes selected 
by the Mann-Whitney test, a permutation test Was carried out. 
A possibility, Ps of a gene for correlating With a group differ 
ence Was also assumed. When each gene is represented by an 
expression vector v(g):(X1, X2, - - - , X20) @(i shoWs a gene 
expression level of i-th sample in the ?rst sample group), an 
ideal expression pattern is expressed by c:(c1, c2, - - - , c20) 
(ci:+1 or 0, depending on Whether i-th sample belongs to S 
group or D group). 
[0215] Correlation betWeen a gene and a group difference 
Pgc Was de?ned as described beloW. That is, Pgc:(p.S—uD)/ 
(6X+6D); us(p.D) and 6S(6D) shoW standard deviation of log2 X 
of the gene “g” of each sample in a neWly de?ned S (or D) 
group. 
[0216] The permutation test Was carried out While substi 
tuting the coordinate of c. The correlation values, Pgc Were 
calculated betWeen all permutations. These procedures Were 




















































































