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Purpose: CD133 and aldehyde dehydrogenase 1 (ALDH1) ex-
pression are reliable poor-prognosis markers associated with the
presence of adverse biomarkers and subtypes of breast cancer.
The aim of our study was to investigate and compare the clinical
impact of CD133 and ALDH1 expression in invasive breast can-
cer. Methods: A total of 291 consecutive patients with invasive
breast cancer who underwent breast cancer operations from
2005 to 2010 at a single institution were included in this retro-
spective review. CD133 and ALDH1 expression were determined
by immunohistochemistry. Results: CD133 and ALDH1 expres-
sion were positive in 24.7% and 22.0% of the patients, respec-
tively, and were associated with tumor size, cancer stage, estro-
gen receptor negativity, nonluminal subtype, triple-negative
breast cancer, and recurrence. CD133 expression was signifi-
cantly associated with lymph node metastasis, progesterone re-
ceptor negativity, human epidermal growth factor receptor 2

positivity, chemotherapy, and poor disease-free (p=0.002) and
overall survival (p=0.014), but ALDH1 expression was not. Can-
cer stage (p<0.001) was an independent prognostic factor for
disease-free survival in multivariate analysis. Cancer stage
(p<0.001) and receipt of radiotherapy (p=0.045) were indepen-
dent prognostic factors for overall survival in multivariate analy-
sis. Conclusion: CD133 or the combination of CD133 and ALDH1
expression were more widely associated with the presence of
adverse biomarkers and subtypes of breast cancer, compared
to ALDH1 expression alone, and these markers may have a po-
tential predictive role and be a helpful tool in the management
for patients with invasive breast cancer.
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INTRODUCTION

Breast cancer is composed of a heterogeneous group of cells
that differ in morphology, marker expression, proliferative ca-
pacity, and tumorigenicity [1]. Although many therapeutic
treatments and prognostic factors have been identified for
breast cancer, more accurate prognostic factors and ideal
treatment modalities continue to be sought. Cancer stem cells
(CSCs) are an emerging topic for breast cancer research. CSCs
have the capacity for self-renewal, driving tumorigenicity, re-
currence, metastasis, and the capacity to differentiate, albeit
aberrantly, giving rise to a heterogeneous population of cancer
cells [2,3]. They are also believed to play a key role in resis-
tance to chemotherapy and radiotherapy [4,5].
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The CSC theory was originally established for hematopoiet-
ic neoplasms and has greatly changed the concept of cancer
therapy [6]. Due to rapid development in biomolecular tech-
niques, various new cell surface breast cancer markers have
been discovered, such as aldehyde dehydrogenase 1 (ALDH1),
CD133, and the presence of CD44 combined with the absence
of CD24. However, expression of these CSC markers varied
among different molecular subtypes of breast cancer and with
different clinicopathologic features, such that each CSC popu-
lation could have distinct clinical importance in different sub-
groups of breast cancers [2]. ALDHI, which is a detoxification
enzyme involved in catalyzing the oxidation of acetaldehydes
produced from ethanol, has been suggested as another puta-
tive marker. High ALDHI activity is characteristic of liver
cancer and CSCs of breast and colon cancer [5,7]. ALDHI is
associated with biologically aggressive phenotypes and worse
clinical outcomes for breast cancer [3,8,9]. CD133 also is con-
sidered a CSC marker in breast cancer, as well as in colorectal,
brain, prostate, pancreatic, and gastric cancers [10]. CD133,
also known as Prominin 1, is a pentaspan transmembrane
glycoprotein and was first described in hematopoietic stem
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cells [11]. The biologic functions of CD133 in breast cancer
are not completely established; however, CD133 may partici-
pate in tumor initiation, cellular migration, and vasculogenic
mimicry [12]. Overexpression of CD133 in triple-negative or
node negative disease has been reported, and CD133 expres-
sion may help predict aggressive properties of breast cancer
and determine optimal treatment more accurately [10,13].
Because of insufficient understanding of breast cancer CSCs,
however, there is still debate regarding their exact biological
functions, effects, and associations with clinicopathologic
characteristics and prognosis in breast cancer. To more accu-
rately estimate prognosis using CSCs, further studies of CSC
markers are needed.

In this study, we evaluated the expression of two CSC mark-
ers, CD133 and ALDHI, and correlated their expression with
clinicopathologic characteristics and prognosis in 291 patients
with primary invasive breast cancer.

METHODS

Patients and samples

A total of 291 consecutive patients with invasive breast can-
cer (stage I, II, III) who underwent breast cancer surgery at
Uijeongbu St. Mary’s Hospital from 2005 to 2010 were includ-
ed in this study. Clinicopathologic parameters were collected
retrospectively from the Breast Cancer Patients Registry at
Uijeongbu St. Mary’s Hospital. Patients were staged according
to the seventh edition of the breast cancer staging guidelines
from the American Joint Committee on Cancer. All patients
underwent resection: either lumpectomy or modified radical
mastectomy. No patients received neoadjuvant chemotherapy.
Ductal carcinoma i sifu and stage IV patients were excluded.
Tissue samples were obtained from paraffin-embedded re-
sected specimens used for histopathologic diagnosis. Clinico-
pathologic characteristics included age (over 35 years old or
not), histological grade (the Scarft-Bloom-Richardson grad-
ing system [14], 1, 2 vs. 3), TNM stage, and expression of es-
trogen receptor (ER; positivity >1%), progesterone receptor
(PR; positivity > 1%), and human epidermal growth factor re-
ceptor 2 (HER2). A recent study using the large nationwide
Korean Breast Cancer Society registry suggests that an age of
35 years at the time of diagnosis is a reasonable cutoff point
for defining a young age for the diagnosis of breast cancer
[15,16]. In this study, patient age was grouped as <35 and
> 35 years old. A patient was considered to have HER2 nega-
tivity with a HercepTest (DAKO, Glostrup, Denmark) score
less than 3+, and if the score were 2+, HER2 negativity was
confirmed by fluorescence in situ hybridization analysis with
the PathVysion kit (Abbott-Vysis, Downers Grove, USA).
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Triple-negative (ER-, PR-, and HER2-) breast cancer (INBC)
and luminal (luminal A, B) versus nonluminal (basal-like,
HER2-enriched) molecular subtypes were also included. Pa-
tients who underwent breast surgery were administered post-
operative chemotherapy and radiotherapy.

Patient deaths were identified using both the death certifi-
cate data from the Korea National Statistical Office and hospi-
tal medical records. This study was approved by the Institu-
tional Review Board at Catholic University College of Medi-
cine of Korea (UC13SASI0121).

Immunohistochemistry

All patients had received breast cancer operations. Tissues
samples from each patient were fixed in buffered formalin and
embedded in paraffin. CD133 and ALDHI1 immunohisto-
chemical staining were performed on serial 4 um tissue sec-
tions from formalin-fixed and paraftin-embedded human
breast cancer tissues. Paraffin slides were deparafhinized in xy-
lene three times for 10 minutes each and rehydrated through
a graded ethanol series to distilled water before incubation for
10 minutes with 3% hydrogen peroxide in methanol to inhibit
endogenous peroxidase activity. For antigen retrieval, slides
were treated with 10 mM citrate buffer (pH 6.0) at 98°C for 15
minutes in a microwave oven and allowed to cool for 1 hour
at room temperature. After incubation for 10 minutes in a
blocking solution (Histo-Plus kit; Zymed, San Francisco,
USA) containing 10% normal serum in phosphate-buffered
saline (PBS), sections were incubated at 4°C overnight in a
humidified chamber with rabbit polyclonal anti-CD133 anti-
body (diluted 1:200; Abnova, Taipei, Taiwan) and mouse
monoclonal anti-ALDH1 antibody (diluted 1:100; Abcam,
Cambridge, UK) as primary antibodies. A biotinylated sec-
ondary antibody (Histo-Plus kit) was used to detect primary
antibodies, and slides were incubated for 10 minutes at room
temperature. The sections were rinsed three times in PBS and
incubated with streptavidin-horseradish peroxidase complex
(Histo-Plus kit) for 10 minutes. Localized antigen was re-
vealed using 3,3’-diaminobenzidine tetrahydrochloride as
a chromongen, and the slide was counterstained with hema-
toxylin.

Immunohistochemical assessment

Microscopic analyses of CD133 and ALDHI1 were assessed
independently by two observers in a blinded manner. As in
previous reports [3,6,11,13], scores were applied as follows:
score 0, negative staining in all cells; score 1+, weakly positive
or focally positive staining in < 10% of the cells; score 2+, in-
termediate positive staining covering 10% to 50% of the cells;
and score 3+, strongly positive staining, including >50% of
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Figure 1. Immunohistochemical stainings of CD133 protein. (A) CD133
was expressed as 0, negative (HC stain, x400). (B) CD133 was ex-
pressed as 1+, weakly positive (IHC stain, x400). (C) CD133 was ex-
pressed as 2+, intermediate positive (HC stain, x400). (D) CD133 was
expressed as 3+, strongly positive (HC stain, x200).
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Figure 2. Immunohistochemical staining of aldehyde dehydrogenase 1
(ALDHT) protein. (A) ALDH1 was expressed as 0, negative (HC stain,
x 200). (B) ALDH1 was expressed as 1+, weakly positive (IHC stain, x400).
(C) ALDH1 was expressed as 2+, intermediate positive (IHC stain, x 200).
(D) ALDH1 was expressed as 3+, strongly postive (HC stain, x 200).

the cells. For statistical analysis, CD133 and ALDH]1 protein
expression were considered positive when scores were =2
(Figures 1, 2) [6,13]. When discordance scores were obtained,
two pathologists using a double-headed microscope reas-

sessed the immunostained sections on a consensus basis,
blinded to the clinicopathologic data.

Statistical analysis

Statistical analysis was performed with SAS version 9.3
(Statistical Analysis System, Cary, USA). The association be-
tween the expression of ALDH1 and CD133 and clinicopath-
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Table 1. Clinicopathological characteristics of 291 invasive breast can-
cer patients

Parameter No. (%)
Age (yr)

<35 16 (5.5)

>35 275 (94.5)
Tumor size (cm)

<20 132 (45.4)

>2.0 159 (54.6)
LN metastasis

Negative 187 (64.3)

Positive 104 (35.7)
Stage

| 108 (37.1)

Il 133 (45.7)

i 50 (17.2)
Histological grade

1and 2 149 (51.2)

3 142 (48.8)
ER*

Negative 104 (35.7)

Positive 186 (63.9)
PR*

Negative 156 (53.6)

Positive 134 (46.0)
HER2*

Negative 241 (82.8)

Positive 49 (16.8)
Luminal*

No 80 (27.5)

Yes 210(72.2)
TNBC*

No 229 (78.7)

Yes 61 (21.3)
CTx

No 7(4.2)

Yes 272 (95.8)
RTx*

No 85 (30.5)

Yes 185 (65.6)
CD133

Negative 219 (75.3)

Positive 72 (24.7)
ALDH1

Negative 227 (78.0)

Positive 64 (22.0)
Combined CD133/ALDH1

Group 1 174 (59.8)

Group 2 45 (15.5)

Group 3 53(18.2)

Group 4 19 (6.5)
Recurrence

No 257 (88.3)

Yes 34 (11.7)

LN=lymph node; ER=estrogen receptor; PR=progesterone receptor;
HER2 =human epidermal growth factor receptor 2; TNBC =triple-negative
breast cancer; CTx=chemotherapy; RTx=radiotherapy; ALDH1 =aldehyde
dehydrogenase 1; Group 1=CD133-/ALDH1-; Group 2=CD133-/ALDH1+;
Group 3=CD133+/ALDH1-; Group 4=CD133+/ALDH1+.

*Include missing data.
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ological parameters was analyzed with the chi-square test. The
Kaplan-Meier method was used to estimate disease-free sur-
vival (DFS) and overall survival (OS). DFS and OS were com-
pared using a log-rank test. Events used to calculate DFS in-
cluded all local, regional, or distant recurrences. The Cox re-
gression model was used for multivariate analysis of prognos-
tic factors. Test of independence (chi-square test) also was
used to evaluate the association between CD133 and ALDHI.
In all tests except the test of independence, a p-value <0.05
was considered to be statistically significant and, in the test of
independence, a p-value >0.05 was considered to show inde-
pendence between CD133 and ALDHI.

Sung Jeep Kim, et al.

RESULTS

Clinicopathologic characteristics of 291 invasive breast cancer
patients and tumors

The patients of this cohort study included 290 women and
1 man ranging from 25 to 85 years of age (median, 49 years),
and 275 patients were over 35 years of age (94.5%). The mean
follow-up period was 53.8 +21.9 months (range, 4-97
months). The mean tumor size was 2.46 + 1.44 cm, and tumor
sizes were larger than 2 cm in 159 patients (54.6%). Lymph
node (LN) metastases were present in 104 patients (35.7%),
and a histological grade 3 was observed in 142 (48.8%). ER,

Table 2. Correlation between cancer stem cell marker expressions and clinicopathological parameters

CD133 ALDH1
Parameter
Negative, No. (%) Positive, No. (%) p-value Negative, No. (%) Positive, No. (%) p-value
Age (yr) 0.373 0.759
<35 14(87.5) 2(12.5) 12 (75.0) 4(25.0)
>35 205 (74.5) 70 (25.5) 215 (78.2) 60 (21.8)
Tumor size (cm) 0.001 0.004
<20 112 (84.8) 20(15.2) 113 (85.6) 19 (14.4)
>2.0 107 (67.3) 52 (32.7) 114.(71.7) 45(28.3
LN metastasis 0.019 0.228
Negative 149 (79.7) 38(20.3) 150 (80.2) 37 (19.8)
Positive 70 (67.3) 34 (32.7) 77 (74.0) 27 (26.0
Stage 0.001 0.011
| 92 (85.2) 16 (14.9) 92 (85.2) 16 (14.9)
I 98 (73.7) 35(26.3) 103 (77.4) 30 (22.6)
Il 29 (68.0) 21 (42.0) 32 (64.0) 18 (36.0)
Histological grade 0.111 0.055
1and?2 118(79.2) 31(20.8) 123 (82.5) 26 (17.9)
3 101 (71.1) 41(28.9) 104 (73.2) 3 (26.
ER 0.001 0.001
Negative 54 (51.9) 66 (63.5) 3 (36.5)
Positive 164 (88.2) 22 (11 160 (86.0) 26 (14.0)
PR 0.024 0.655
Negative 109 (69.9) (30.1) 120 (76.9) 36 (23.1)
Positive 109 (81.3) 25(18 106 (79.1) 28 (
HER2 0.001 0.050
Negative 190 (78.8) 21.2) 193 (80.1) (19.9
Positive 28 (57.1) 33(67.4) 1
Luminal <0.001 0.001
No 43 (53.8) 37 (46.2) 52 (65.0) 8 (35.0)
Yes 175(83.9) 35(16.7) 174 (82.9) 36 (17.1)
TNBC <0.001 0.023
No 183 (79.9) 46 (20.1) 185 (80.8) 44(19.2)
Yes 35 (67.4) 26 (42.6 41(67.2) .
RTx 0.457 0.616
No 70(72.2) 27 (27.8) 78 (80.4) 19 (19.6)
Yes 141 (76.2) 44 (23.8) 144 (77.8)
CTx 0.041 0.471
No 12 (100.0) 0 11(91.7) 1(8.3)
Yes 200 (73.5) 72 (26.5) 213(78.3) 59 (21.7)
Recurrence 0.001 0.046
No 201 (78.2) 56 (21.8) 205 (79.8) 52 (20.2)
Yes 18 (62.9) 16 (47.1) 22 (64.7) 12 (35.3)

ALDH1 =aldehyde dehydrogenase 1; LN=Ilymph node; ER=estrogen receptor; PR=progesterone receptor; HER2 =human epidermal growth factor receptor 2;

TNBC =triple-negative breast cancer; RTx=radiotherapy; CTx=chemotherapy.
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PR, and HER2 were positive in 186 (63.9%), 134 (46%), and
49 (16.8%) patients, respectively. Luminal subtype and TNBC
were identified in 210 (72.2%) and 61 (21.3%) patients, re-
spectively. Adjuvant chemotherapy was given to 272 patients

Table 3. Correlation between combined CD133/ALDH1 marker expres-
sions and clinicopathological parameters

Combined CD133/ALDH1
Parameter Group1  Group2 Group3 Group 4
No.(%) No.(%) No.(%) No.() Pvae
Age (yr)* 0.618
<35 11 (68.8) (188) 1(6.6) 1(6.3)
>35 163 (59.3) 42 (15.3) 52(189) 18(6.6)
Tumor size (cm) <0.001
<2.0 94(71.2) 18(1 19(14.4) 1(0.8)
>2.0 80(50.3) 27(17.0) 34(21.4) 18(11.3
LN metastasis 0.069
Negative 120(64.2) 29(15.5) 30(16.0 8(4.3)
Positive 54(561.9) 16(15.4) 23(22.1) 11(10.6)
Stage <0.001
I 77(71.3) 15(1839) 15(139  1(0.9
[ 77679 21(156.8) 26(19.6) 9(6.8)
1] 20(40.00 9(18.0) 12(24.00 9(18.0)
Histological grade 0.085
1and?2 97 (65.1) 21(14.1) 26(175) 5(3.4)
3 77(542) 24(17.0) 27(19.0) 14(9.9)
ER 0.001
Negative 33(31.73) 21(202) 33(31.7) 17(16.4)
Positive 140(75.3) 24(12.9) 20(10.8) 2(1.1)
PR 0.157
Negative 86(55.1) 23(147) 34(21.8) 13(8.3
Positive 87(649) 22(16.4) 19(142) 6(4.5
HER2 <0.001
Negative 152 (63.1) 38(15.8) 41(17.0) 10(4.2)
Positive 21(429) 7(143) 12(245  9(18.4)
Luminal <0.001
No 28(35.00 15(18.8) 24(30.0) 13(16.3)
Yes 145(69.1) 30(14.3) 29(13.8 6(2.9
TNBC <0.001
No 151(659) 32(14.0) 34(149 12(5.2)
Yes 22(36.1) 13(21.3) 19(312)  7(115)
RTx 0.119
No 61629 903 17(1 10(10.3)
Yes 109 (68.9) 32(17.3) 35( 94.9
CTx* 0.169
No 11917 183 0 0
Yes 160 (58.8) 40 (14.7) 53(19.5) 19(7.0)
Recurrence 0.003
No 162 (63.0) 39(15.2) 43(16.7) 13(56.1)
Yes 12(35.3) 6(17.7) 10(29.4) 6(17.7)

ALDH1 =aldehyde dehydrogenase 1; LN=lymph node; ER=estrogen recep-
tor; PR=progesterone receptor; HER2=human epidermal growth factor re-
ceptor 2; TNBC =triple-negative breast cancer; RTx=radiotherapy;
CTx=chemotherapy; Group 1=CD133-/ALDH1-; Group 2=CD133-/
ALDH1+; Group 3=CD133+/ALDH1-; Group 4=CD133+/ALDH1+.

*Fisher exact test.

http://dx.doi.org/10.4048/jbc.2015.18.4.347

351

(95.8%), and 185 patients (65.6%) received postoperative
radiotherapy. CD133 and ALDHI1 proteins were mainly ex-
pressed in the cytoplasm of cancer cells, and CD133 and
ALDHI expression was positive in 72 (24.7%), and 64 (22%)
patients, respectively. We divided the 291 patients into four
groups based on CD133 and ALDHI expression. Group 1
samples were negative for expression of both CD133 and
ALDHLI, group 2 samples were negative for CD133 and posi-
tive for ALDH1, group 3 samples were positive for CD133
and negative for ALDHI, and group 4 samples were positive
for both CD133 and ALDHI1. There were 174 (59.8%), 45
(15.5%), 53 (18.2%), and 19 (6.5%) patients in groups 1, 2, 3,
and 4, respectively. Recurrence was detected in 34 patients
(11.7%), and 26 patients (8.9%) died. Clinicopathologic char-
acteristics of the 291 patients are summarized in Table 1.

Association between expression of CD133, ALDH1 or both
CD133 and ALDH1 and clinicopathologic parameters

The correlation between expression of CD133, ALDHI, or
both antigens and the clinicopathologic features of the tumors
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Figure 3. Kaplan-Meier survival analysis of CD133 expression with dis-
ease-free survival (DFS) and overall survival (OS). Positive expressions of
CD1838 antigen have significant negative association with both DFS (A)
(p=0.002) and OS (B) (p=0.014).
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Figure 4. Kaplan-Meier survival analysis of combined CD133/ALDH1 expression with disease-free survival (DFS) and overall survival (OS). Positive ex-
pressions of combined CD133/ALDH1 antigen have significant negative association with both DFS (A) (p=0.003) and OS (B) (p=0.002).

Table 4. Univariate and multivariate Cox regression analyses of disease-free survival

Univariate analysis Multivariate analysis*
Parameter
HR 95% Cl p-value HR 95% Cl p-value

CD133 (+vs. -) 2.72 1.39-5.34 0.004 - -
ALDH1 (+vs. -) 1.92 0.95-3.88 0.069 - -
Tumor size (>2 cmvs. <2 cm) 413 1.71-9.96 0.002 - -
LN status (N1-3 vs. NO) 4.95 2.37-10.37 <0.001 - - -
Stage <0.001 <0.001

lvs. 0.062 0.02-0.21 0.07 0.02-0.22

[Fvs. 1l 0.23 0.11-0.47 0.23 0.11-0.49
ER (+vs. -) 1.78 0.91-3.49 0.095 - -
PR (+vs. -) 1.78 0.88-3.61 0.109 - -
Histologic grade (G3 vs. G1-2) 1.99 0.98-4.02 0.055 - -
HER2 (+ vs. -) 1.73 0.78-3.82 0.178 - -
LLuminal (nonluminal vs. luminal) 1.63 0.81-3.29 0.175 - -
TNBC (TNBC vs. non-TNBC) 1.42 0.66-3.04 0.370 - -
RTX (+ vs. -) 1.51 0.68-3.37 0.311 - -
CTX (+vs. -) 3.27 0.19-55.6 0.413 - -

HR=hazard ratio; Cl=confidence interval; ALDH1 =aldehyde dehydrogenase 1; LN=Ilymph node; ER=estrogen receptor; PR=progesterone receptor;
HER2 =human epidermal growth factor receptor 2; TNBC =triple-negative breast cancer; RTx =radiotherapy; CTx=chemotherapy.

*Stepwise method; TFIRTH method.

is summarized in Tables 2 and 3. CD133 expression correlated
significantly with tumor size (p<0.001), LN metastasis
(p=0.019), cancer stage (p=0.001), ER negativity (p <0.001),
PR negativity (p=0.024), HER2 positivity (p=0.001), non-
luminal subtype (p <0.001), TNBC (p <0.001), chemotherapy
(p=0.041), and recurrence rate (p=0.001). ALDH]1 expres-
sion correlated significantly with tumor size (p=0.004), can-
cer stage (p=0.011), ER negativity (p <0.001), nonluminal
subtype (p=0.001), TNBC (p=0.023), and recurrence rate
(p=0.046).

The combined CD133 and ALDHI group was significantly
correlated with tumor size (p < 0.001), cancer stage (p <0.001), ER
negativity (p < 0.001), HER2 positivity (p <0.001), nonluminal
subtype (p<0.001), TNBC (p <0.001), and recurrence rate (p=

http://ejbc.kr

0.003). There was no correlation between CD133 and ALDH1
expression (p=0.299) in the chi-square test. Although the
correlation between CD133 and ALDH1 expression showed a
strong positive linear correlation (r=0.61), there was no statistical
significance (p=0.301) in Student t-test (data not shown).

Association between expression of CD133, ALDH1, or both
CD133 and ALDH1 and survival

Among the study patients, local recurrence or distant me-
tastasis was observed in 34 patients, and 26 patients died dur-
ing the study period. By Kaplan-Meier analysis, there were
statistically significant differences between DFS (p=0.002)
and OS (p=0.014) based on CD133 expression (Figure 3). In
contrast, there were no statistically significant differences in

http://dx.doi.org/10.4048/jbc.2015.18.4.347



Prognostic Impact of CD133 and ALDH1 in Breast Cancer 353
Table 5. Univariate and multivariate Cox regression analyses of overall survival
Univariate analysis Multivariate analysis*
Parameter
HR 95% Cl p-value HR 95% Cl p-value

CD133 (+vs. -) 2.54 1.17-55 0.018 - -

ALDH1 (+vs. -) 2.11 0.96-4.67 0.065 - -

Tumor size (>2 cmvs. <2 cm) 3.49 1.32-9.26 0.012 - -

LN status (N1-3 vs. NO) 5.15 2.16-12.25 <0.001 - - -
Stage <0.001 <0.001

[vs. 0.099 0.03-0.35 0.1 0.03-0.38
[hvs. 1l 0.272 0.12-0.62 0.23 0.09-0.58

ER (+vs. -) 1.27 0.58-2.77 0.552 - -

PR (+vs. -) 1.57 0.71-3.48 0.263 - -

Histologic grade (G3 vs. G1-2) 2.43 1.06-5.59 0.037 - -

HER2 (+ vs. -) 2.41 1.05-5.55 0.039 - -

Luminal (nonluminal vs. luminal) 1.84 0.83-4.06 0.133 - -

TNBC (TNBC vs. non-TNBC) 1.16 0.46-2.89 0.755 - - -
RTX (+vs. -) 0.56 0.25-1.27 0.164 0.42 0.18-0.98 0.045
CTX (+vs. -) 1.03 0.14-7.63 0.977 - - -

HR=hazard ratio; Cl=confidence interval; ALDH1=aldehyde dehydrogenase 1; LN=lymph node; ER=estrogen receptor; PR=progesterone receptor;
HER2 = human epidermal growth factor receptor 2; TNBC =triple-negative breast cancer; RTx =radiotherapy; CTx=chemotherapy.

*Stepwise method.

DES (p=0.064) or OS (p=0.059) based on ALDHI expres-
sion (data not shown). In the subgroup analysis based on ex-
pression of both CD133 and ALDHI, there were statistical
significant differences in DFS (p=0.002) and OS (p=0.014)
(Figure 4).

In the Cox regression analysis, CD133 expression, tumor
size, LN status, and cancer stage were independent prognostic
factors for DFS in univariate analysis, and only cancer stage
(p<0.001) was an independent prognostic factor for DFS in
multivariate analysis (Table 4). CD133 expression, tumor size,
LN status, cancer stage, histologic grade, and HER2 were in-
dependent prognostic factors for OS in univariate analysis,
and cancer stage (p<0.001) and receipt of radiotherapy
(p=0.045) were independent prognostic factors for OS in
multivariate analysis (Table 5).

DISCUSSION

Over the past decade, CSCs have been studied and de-
scribed in multiple types of cancers [17]. The concept of CSCs
was first identified in hematologic malignancies, and breast
CSCs were first reported in 2003 by scientists from the Uni-
versity of Michigan Comprehensive Cancer Center, who con-
cluded that only “a handful of CSCs” are required for growth,
maintenance, and invasiveness of breast cancer [18]. The CSC
hypothesis has fundamental implications for cancer biology,
in addition to clinical implications for cancer risk assessment,
early detection, prognostication, and prevention. Develop-
ment of more effective cancer therapies may require targeting
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the CSC populations [3]. In other words, identification and
characterization of CSCs could lead to development of direct-
ed and more effective treatments for cancer [2].

CD133 and ALDHI are emerging as important among the
various newly-identified cell surface markers for breast cancer.
Ginestier et al. [3] and other investigators [1,6,18] have re-
ported that ALDHI is an adverse biomarker, associated with
aggressive phenotypes and poor prognosis. CD133 expression
also may increase the accuracy of predicting aggressive prop-
erties of breast cancer and determining optimal treatment
[10,12,19,20].

In the present study, we found that CD133 expression was
significantly correlated with tumor size, LN metastasis, cancer
stage, ER negativity, PR negativity, HER2 positivity, nonlumi-
nal subtype, TNBC, chemotherapy, and recurrence. Addition-
ally, CD133 was associated with significant differences in DFS
and OS. This finding suggests that CD133 expression is corre-
lated with a number of adverse parameters that are tradition-
ally associated with poor prognosis, and is an independent
poor prognostic factor for invasive breast cancer. These results
are very similar to Zhao et al’s report [13] that the expression
of CD133 in 67 TNBC patients correlated with tumor size, LN
status, and clinical stage, and was greatly associated with OS
and DFS. In contrast, Ieni et al. [19] reported that CD133
emerged as an independent prognostic variable for node
negative breast cancer patients, but without a significant rela-
tionship with clinicopathologic parameters.

ALDHI expression was also significantly correlated with
tumor size, ER negativity, nonluminal subtype, TNBC, and

http://ejbc.kr



354

recurrence. It showed a trend toward poor outcomes for both
DFS and OS, but these were not statistically significant. How-
ever, the association with biologically aggressive phenotypes is
similar to the study by Ginestier et al. [3]. Morimoto et al. [8]
reported that ALDH1 expression was not significantly associ-
ated with prognosis, age, tumor size, LN status, or histological
grade, but was significantly correlated with high ER negativity,
PR negativity, HER2 positivity, high Ki-67, and high TOP2A
expression. Resetkova et al. [1] also reported that ALDHI ex-
pression in breast cancer was associated with HER2 and tri-
ple-negative phenotypes but was not associated with DFS or
OS in the cohorts treated with adjuvant or neoadjuvant che-
motherapy. By contrast, other investigators reported that
ALDH] expression was significantly associated with DFS and
OS [1,3,6].

Although there was no correlation between the two CSC
markers, our results also showed that CD133 expression is
more widely associated than ALDH1 with adverse biomarkers
and subtypes in invasive breast cancer. This finding was simi-
lar to the study by Aomatsu et al. [10] evaluating CD133 and
ALDHLI as potential surrogate markers for predicting sensitiv-
ity to neoadjuvant chemotherapy in breast cancer, in which
only CD133 correlated with poor prognosis.

Combined expression of both CD133 and ALDHI had sta-
tistical association with tumor size, cancer stage, histologic
grade, ER negativity, HER2 positivity, nonluminal type, and
TNBC. Furthermore, it also was significantly associated with
poor DFS and OS.

Our present study showed that invasive breast cancers ex-
pressing CD133, ALDHI, or both antigens have biologically
aggressive phenotypes, and expression of CD133 and the two
together were more strongly associated with aggressive phe-
notypes than was ALDH]1 expression. Expression of CD133
and both markers were also significantly associated with poor
survival outcomes. These markers could potentially be used as
independent prognostic factors for patients with invasive
breast cancer. This study showed that CD133 or the combina-
tion of CD133 and ALDH1 may be clinically useful markers
for identifying biologically aggressive breast cancer and pre-
dicting survival outcomes.

This study has several limitations. The first is an inadequate
sample size. ALDHI expression may actually portend worse
clinical outcomes, but a larger sample size may be necessary
to demonstrate such a relationship. The retrospective study
design is a second limitation. Our study was conducted retro-
spectively, using patients who were treated with various adju-
vant therapies that might affect prognosis and, as such, may
have been subject to biases inherent to such study designs.
Third, the short follow-up duration is another limitation, and
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a longer observation period is needed to evaluate prognosis.
As such, further evaluations and studies are needed to over-
come the limitations of our present study and to determine
the exact biological functions of CSC markers in breast can-
cer. The final limitation is that there is no objective standard
scoring system for reading the immunohistochemical staining
of the CD133 and ALDH1 proteins.

In conclusion, our study showed that CD133 or the combi-
nation of CD133 and ALDHI1 expression was more widely as-
sociated with adverse biomarkers and subtypes, compared
with ALDH]1 expression alone, of invasive breast cancer.
These CSC markers were strongly associated with adverse
biomarkers and subtypes of breast cancer, and these markers
may have a predictive role and be helpful tools in the manage-
ment of patients with invasive breast cancer.
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