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Abstract: Background and purpose: Triple-negative breast cancer (TNBC) is a more aggressive disease and easier to
recur and metastasize as compared to non-TNBC. Aldehyde dehydrogenase 1 (ALDH1, cancer stem cell biomarker),
metastasis-associated in colon cancer-1 (MACC1), KAI1 (suppressor of cancer metastasis) are all useful predic-
tive factors for metastasis and prognosis in many cancers. In this study, we analyzed associations among ALDH1,
MACC1, and KAI1 in TNBC, and their respective correlations with clinicopathological characteristics and survival in
TNBC. Methods: Positive rates of ALDH1, MACC1, and KAI1 in 102 whole TNBC tissues specimens were detected by
Immunohistochemistry (IHC). Patients’ clinical data were also collected. Results: Levels of ALDH1 and MACC1 were
significantly higher, and levels of KAI1 significantly lower, in TNBC tissues than in control tissues. Levels of ALDH1,
MACC1, and KAI1 were significantly associated with lymph node metastasis and tumor-node-metastasis (TNM)
stage, and with patients’ overall survival (OS) or progression-free survival (PFS). In multivariate analysis showed that
the expression of ALDH1, MACC1, and KAI1 and TNM stage were independent prognostic factors of OS and PFS in
TNBC. Conclusion: The expression of ALDH1, MACC1, and KAI1 Represent promising markers for metastasis and
prognosis, and potential therapeutic targets for TNBC.
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Introduction Tumor recurrence and metastasis may be asso-
ciated with cancer stem cells (CSCs), also
termed as tumor initiating cells (TICs), which
have the ability to self-renew and are closely
linked to therapy resistance, recurrence, and
metastasis [8, 9]. Aldehyde dehydrogenase 1
(ALDH1), which is an important member of
ALDH superfamily of conserved enzymes local-
ized in the cytoplasm, mitochondria, and nucle-
us, is a common marker of CSCs [10]. ALDH1 is
not only able to metabolize and detoxify many
endogenous and exogenous aldehydes, but

In recent years, along with changes in lifestyle,
the incidence of breast cancer has increased
rapidly to become the second most commonly
diagnosed cancer in the worldwide [1] and the
first most commonly diagnosed cancer in China
[2]. Triple-negative breast cancer (TNBC) is a
subtype of breast cancer and characterized by
a lack of expression of estrogen receptor (ER),
progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) [3]. TNBC

accounts for approximately 15% of all breast
cancer [4]. Along with the contribution of adju-
vant targeting therapies, the outcome of the
major subtypes of breast cancer has been
improved greatly. However, the outcome of
TNBC remains poor in all breast cancer sub-
types [5, 6]. TNBC was related with a higher
grade, stem cell-like characteristics, higher
invasive and metastatic potential [7].

able to oxidize retinol to synthesize retinoic
acid, which can modulate cell differentiation
[11]. ALDH1 is a candidate biomarker for CSCs,
metastasis, and prognosis of breast cancer
[12], lung cancer [11], ovarian cancer [13], pan-
creatic cancer [10].

Metastasis-associated in colon cancer-1
(MACC1), the first identified in colon cancer,
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Table 1. Patients characteristics

Frequency Percentage

Patients characteristics n) (%)

Age

<50 years 63 61.8

>50 years 39 39.2
Size

<2.0cm 40 39.2

>2.0cm, <5.0cm 53 52.0

>5.0cm 9 8.8
Location

Left 47 46.1

Right 55 53.9
Type

IDC 59 57.8

ILC 32 31.4

Other type 11 10.8
Differentiation

Well 0 0

Moderate 29 28.4

Poor 73 71.6
LNM

No 43 42.2

Yes 59 57.8
TNM stages

[+l a7 46.1

H+1V 55 53.9

which was bound to the promoter of the MET
gene to control MET transcriptional activity [14,
15]. MACC1 was considered as a key modulator
of the HGF/MET signal pathway. MACC1 was
not only able to promote tumor cells migration
and invasion in vitro, but also promote tumor
growth and metastasis in vivo [14, 16]. MACC1
was found to affect metastasis, recurrence,
and prognosis in colon cancer [14, 15], lung
cancer [17], ovarian cancer [18], and breast
cancer [19].

KAI1 gene, a suppressor of metastasis, was
first identified in prostate carcinoma cells. It is
located on human chromosome 11p11.2 [20].
KAI1 which is an important member of the
TM4SF (transmembrane 4 superfamily) can
suppress invasion and metastasis by regulat-
ing inhibition of cell motility, adhesion, fusion,
and proliferation [21]. However, the mechanism
of KAI1 in cancer metastasis is still unclear.
KAI1 is also been considered to be a useful bio-
marker for metastatic and prognostic in various
human cancers [22].
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Overall, studies of ALDH1, MACC1, and KAI1 in
association with tumor metastasis and progno-
sis show that these biomarkers affect tumor
progression; however, the associations among
ALDH1, MACC1, and KAI1 in TNBC have not
been widely reported. In this study, we explored
the hypothesis that these biomarkers are
mutual associated and are correlated with
metastasis and prognosis in TNBC.

Materials and methods

Specimens

All 102 TNBC tissues and surrounding “normal”
breast tissues were collected from the
Department of Pathology, the First Affiliated
Hospital of Bengbu Medical College (China),
from January 2008 to December 2009. All
patients underwent modified radical resection
and axillary lymph node dissection (All patients
who had received preoperative chemotherapy
or radiotherapy or other anti-cancer therapy
were excluded). The “normal” breast tissues
were removed from the same patient, avoiding
necrotic tissue, and from surrounding breast
tissue at least 5 cm away from the carcinoma
edge. All patients who had completely clinical,
pathological, and follow-up (at 6-month inter-
vals by phone, mail, or email) data were spo-
radic cases. Overall survival (0S) time was col-
lected from surgery to death or December
2014 (mean OS time: 47.5 months; range
21-82 months). Progression-free survival (RFS)
time was collected from surgery to recurrence
or December 2014 (mean RFS time: 45.7
months; range 18-82 months). Grade of tumor
differentiation was according to World Health
Organization criteria. Clinical Tumor-node-
metastasis stages were according UICC/AJCC
TNM criteria. The ages of patients were from 25
to 78 years (median age: 49.7 years) and other
characteristics are located in Table 1.

All tissue specimens were obtained with pa-
tients writing consent and the study was
approved by the ethical committee of the
Bengbu Medical College and performed in
accordance with the guidelines of the De-
claration of Helsinki.

Immunohistochemical analysis
All TNBC samples and corresponding normal

breast tissues were fixed in 10% buffered for-
malin, embedded in paraffin, and continuous
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Figure 1. Expression of the patients in triple-negative breast cancer (x400 magnification). A. Positive ALDH1 expres-
sion in the cytoplasm and nucleus of cancer cells. B. Negative ALDH1 expression in the “normal” breast epithelial
cells. C. Positive MACC1 expression in the cytoplasm of cancer cells. D. Negative MACC1 expression in the “normal”
breast epithelial cells. E. Positive KAI1 expression in the membrane and cytoplasm of cancer cells. F. Positive KAI1
expression in the membrane and cytoplasm of “normal” breast epithelial cells.

sectioned (4 ym thickness). Then all sections
were deparaffinized and dehydrated with xylene
and graded ethanol. Subsequently, all sections
were washed for 10 min in phosphate buffered
saline (PBS, pH 7.2). The endogenous peroxi-
dase activity was blocked by incubation in 3%
hydrogen peroxide for 10 min at room tempera-
ture, then were placed in citrate buffer (pH 6.0)
and heated to 95°C for 30 min for antigen
repair. After three times washes by PBS, all
sections were blocked in goat serum at room
temperature for 20 min, then incubated with
mouse monoclonal antibody against human
ALDH1 (Abcam, USA, dilution 1:100) and KAI1
(Abcam, USA, dilution 1:100) and rabbit poly-
clonal antibody against human MACC1 (Santa
Cluz, USA, dilution: 1:50) primary antibodies at
4°C overnight. Immunohistochemistry was per-
formed according to the ElivisionTM Plus detec-
tion kit instructions (LabVision, USA). Finally, all
sections were counterstained with hematoxy-
lin, dehydrated, air-dried, and mounted.

Evaluation of immunostaining

Immunohistochemical staining was performed
by an experienced technician who was blind to
the clinical data. Immunostaining results were
evaluated semi-quantitatively by two experi-
enced pathologists who were blind to the clini-
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cal data and follow-up data. Because of intratu-
moral heterogeneity of antigen expression, we
randomly selected ten visual fields (x400 mag-
nification) from different areas of each slide.
Immunostaining results were scored according
to intensity and extent [9]. The extent of immu-
nostaining was divided into four grades: O.
<10%; 1. 11%-25%; 2. 26%-50%; 3. 51%-75%;
4. >75%. The intensity of immunostaining was
also divided into four grades: none staining, O.
Weak staining, 1. Moderate staining, 2. Strong
staining, 3. Finally, the score was determined
by multiplying the extent and the intensity
scores 1o yield a range of scores from O to 12.
The immunostaining score was considered pos-
itive when the score was >3. For slides that
were positive for all three of ALDH1, MACC1,
and KAI1, an average of the final score of each
slide was taken.

Statistical analysis

Relationships between clinicopathological ch-
aracteristics and ALDH1, MACC1, or KAI1 were
compared using Fisher’'s exact tests or Pear-
son Chi-square test. Relationships between
ALDH1, or MACC1, or KAI1 was compared using
Spearman’s coefficient test. Effects of ALDH1,
MACCZ1, or KAIL1 on survival were determined
by univariate and multivariate analyses. In-
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Table 2. The association between expression of ALDH1, MACC1, KAI1 and clinicopathological charac-

teristics of triple-negative breast cancer (TNBC)

) ALDH1 MACC1 KAIL
Variables - " - . : o
Negative Positive Negative Positive Negative Positive
Age 0.581 0.223 0.628
<50 years 32 31 23 40 37 26
>50 years 22 17 19 20 21 18
Size 0.296 0.517 0.275
<2.0cm 25 15 19 21 19 21
>2.0 cm, <5.0 cm 25 28 19 34 34 19
>5.0 cm 4 5 4 5 5 4
Location 0.052 0.176 0.274
Left 20 27 16 31 24 23
Right 34 21 26 29 34 21
Type 0.737 0.163 0.938
IDC 30 29 25 34 33 26
ILC 17 15 10 22 19 13
Other type 7 4 7 4 6 5
Differentiation 0.469 0.358 0.004
Well 0 0 0 0 10 19
Moderate 17 12 14 15 48 25
Poor 37 46 28 45
LNM 0.035 <0.001 0.027
No 28 15 30 13 19 24
Yes 26 33 12 47 39 20
TNM stages <0.001 <0.001 <0.001
[+l 35 12 34 13 14 33
+1v 19 36 8 a7 44 11

dependent prognostic factors were determined
using Cox regression model for multivariate
analysis. Kaplan-Meier's method with log-rank
test for univariate OS analysis was used to
assess the relationship between the positive
expression of ALDH1, MACC1, and KAI1 and
clinicopathological variate, using SPSS 20.0
software for windows (New York, IBM). A value
of P<0.05 was considered as statistically
significant.

Results

Association between ALDH1, MACC1, and
KAI1 expression and clinicopathological pa-
rameters

To assess the contributions of ALDH1, MACC1,
and KAI1 to TNBC, the results thereof were
immunohistochemically assessed for both
TNBC and control tissue specimens. These
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data were then compared to patient’s clinico-
pathological parameters. The positive rate of
ALDH1 expression in the TNBC specimens
(47.1%; 48/102) was significantly higher than
that in the control tissues (14.7%; 15/102;
P<0.001) (Figure 1A and 1B). Expression of
ALDH1 in TNBC was positively associated with
LNM and TNM stages, but not patient age,
tumor location, size, type, or grades (Table 2).

Similar to ALDH1, MACC1 expression was sig-
nificantly higher in TNBC tissues (58.8%;
60/102) than that in control tissues (10.8%;
11/102; P<0.001) (Figure 1C and 1D). The pos-
itive rate of MACC1 expression in TNBC was
associated with LNM and TNM stages, but not
patient age, tumor size, location, type, or grades
(Table 2).

The positive rate of KAI1 expression was signifi-
cantly lower in TNBC tissues (43.1%; 44/102)
than that in control tissues (93.1%; 95/102;
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Table 3. Correlation between expression of ALDH1, MACC1, and KAI1 in TNBC

) ALDH1 KAI
Variable , — r P ; — r P
Negative Positive Negative Positive
ALDH1 -0.425 <0.001
Negative 20 34
Positive 38 10
MACC1 0.390 <0.001 -0.397 <0.001
Negative 32 10 14 28
Positive 22 38 44 16
A ALDH1 B MACC1
1.0+ ALDH1 1.0 MACCI
—Inegative —IInegative
~I1Positive ~Positive
08 —+ negative-censored 06 —+ negative-censored
: ~}- Positive-censored : ~+ Positive-censored
ot ]
E £
‘El 0.64 E 0.6
> =z
= =
g 3
w w
s 0.4 g 0.4
o Q
0.24 0.2
0.0+ 0.0
(') 2'0 4'0 S'O 3|0 1 60 t') 2'0 4'0 G:J 80 100
Survival time (inonths) Survival time (inonths)
c KAIl
1.0 KAIl
—Inegative
I 1Positive
06 +nes'a$ive-cemnred Figure 2. Kaplan-Meier analysis of the overall
= Positive-censored survival (0S) time of patients with triple-neg-
% ative breast cancer. A. OS time of all patients
= 6l in relation to ALDH1 expression (log-rank
&~ =36.219, P<0.001). B. 0OS time of all patients
B in relation to MACC1 expression (log-rank
= =48.474, P<0.001). C. OS time of all patients in
5 047 relation to KAI1 expression (log-rank =39.624,
5 P<0.001). The green line represents positive
expression of ALDH1, MACC1, and KAI1 and
0 the blue line represents negative expression of
ALDH1, MACC1, and KAI1.
0.0+
6 2‘0 4‘0 EID 8‘0 160
Survival time (months)
P<0.001) (Figure 1E and 1F). The positive rate association was found between KAI1l expres-
of KAI1 expression was negatively associated sion and patient age, tumor size, location, or
with tumor grades, LNM, and TNM stages. No type (Table 2).
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Table 4. Results of univariate analyses of overall
survival (OS) time

Variables '(\/Imec?r?tr?ss) Log-rank P-value

ALDH1 36.219 <0.001
Negative 54 56.5%+15.7
Positive 48 37.3+12.3

MACC1 48.474 <0.001
Negative 42 61.4+13.1
Positive 60 37.8+12.2

KAI1 39.624 <0.001
Negative 58 38.8+13.4
Positive 44 58.9+14.7

Age 0.092 0.762
<50 years 63 47.2+18.0
>50 years 39 48.0+15.7

Size 6.266 0.044
<2.0cm 40 52.4+17.3
>2.0cm, <5.0cm 53 44.3+16.3
>5.0 cm 9 44.8418.0

Location 0.141 0.708
Left 47 46.8+18.4
Right 55 48.1+16.0

Type 1.071 0.585
IDC 59 475+17.4
ILC 32 46.5+17.2
Other type 11 50.4+16.7

Differentiation 3.947 0.047
Well 0 0
Moderate 29 52.4+16.8
Poor 73 45.6+17.0

LNM 17.117 <0.001
No 43 57.1+15.1
Yes 59 40.5+15.0

TNM stages 61.070 <0.001
I+ 47 60.4+13.6
H+1V 55 36.5+11.1

Table 5. Results of multivariate analyses of 0OS
time

Covariate B SE P HR 95% Cl

TNM stages 0.783 0.348 0.024 2.188 1.106-4.326

ALDH1 0.852 0.267 0.001 2.343 1.389-3.954
MACC1 1.021 0.374 0.006 2.775 1.332-5.782
KAI1 -0.612 0.311 0.049 0.542 0.295-0.998

Correlation among ALDH1, MACC1, and KAI1
in TNBC

There was a positive association between ALD-
H1 expression and MACC1 expression (r=0.390,
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P<0.001) (Table 3). There was a negative asso-
ciation between KAI1 expression and expres-
sion of ALDH1 and MACC1 (r=-0.425, r=-0.397,
P<0.001) (Table 3).

Univariate and multivariate analyzes

Follow-up data indicated that OS was signifi-
cantly shorter in TNBC patients with ALDH1-
positive-expression specimens compared with
those with ALDH1-negative patients (log-rank
=36.129; P <0.001, Figure 2A). Similarly, OS of
MACC1-positive-expression patients was sig-
nificantly shorter than those of MACC1-negative
patients (log-rank =48.474; P<0.001; Figure
2B). The OS of KAll-positive-expression pati-
ents was significantly longer than those who
were KAl1-negative patients (log-rank =36.219;
P<0.001; Figure 2C). In the univariate analysis,
OS time was significantly associated with clini-
copathologic characteristics, including diame-
ter of tumor (P=0.044, log-rank =6.266), grade
of tumor (P=0.047, log-rank =3.941), lymph
node metastasis (P<0.001, log-rank =17.117),
TNM stages (P<0.001, log-rank =61.070)
(Table 4). Multivariate analysis indicated that
positive expression of ALDH1, MACC1, KAI1
and TNM stages were independent prognostic
factors of OS time for TNBC (P<0.05) (Table 5).

PFS time analysis

The PFS of ALDH-positive-expression patients
was significantly shorter than those of ALDH1-
negative patients (log-rank =37.666; P<0.001;
Figure 3A). Similarly, the PFS of MACC1-
positive-expression patients was significantly
shorter than those of MACC1-negative patients
(log-rank =46.058; P<0.001; Figure 3B). The
PFS of KAIl1-positive-expression patients was
significantly longer than those who were KAI1-
negative patients (log-rank =37.672; P<0.001;
Figure 3C).

In the univariate analysis, PFS time was signifi-
cantly associated with clinicopathological
parameters, including diameter of tumor (log-
rank =6.855; P=0.032), grade of tumor (log-
rank =4.300; P=0.038), lymph node metasta-
sis (log-rank =16.106; P<0.001), TNM stages
(log-rank  =59.171; P<0.001) (Table 6).
Multivariate analysis indicated that positive
expression of ALDH1, MACC1, KAI1, and TNM
stages were independent prognostic factors of
PFS time for TNBC (P<0.05) (Table 7).
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A B
1.0 ALDHI1 1.0 MACC1
—Inegative —IInegative
I Positive —I1Positive
—+ negative-censored —— negative-censored
0587 ~+= Positive-censored 087 ~+- Positive-censored
] ]
I I
: 0.6 : 067
s s
= =
| 2
wn wn
0.4 = 04
g g
O O
0.24 0.2+
0.0 0.0
T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Survival time (months) Survival time (months)
C
1.0 KAIL
—Inegative
-1 1Positive . . .
—+ negative-censored Figure 3. Kaplan-Meier analysis of the progres-
087 ~4— Positive-censored sion-free survival (PFS) time of patients with
triple-negative breast cancer. A. PFS time of all
3 patients in relation to ALDHZ1 expression (log-rank
i—‘ i =37.666, P<0.001). B. PFS time of all patients in
g ’ relation to MACC1 expression (log-rank =46.058,
s P<0.001). C. PFS time of all patients in relation
§ to KAI1 expression (log-rank =37.672, P<0.001).
S 0.4+ The green line represents positive expression of
5 ALDH1, MACC1, and KAI1 and the blue line repre-
sents negative expression of ALDH1, MACC1, and
KAI1.
0.29
0.0
T T T T T T
0 20 40 60 80 100
Survival time (months)
Discussion tumors [9, 23, 24]. ALDH1 is commonly regard-

TNBC is a highly heterogeneous disease, which
can affect the reproducibility of biomarker eval-
uation. Therefore, prognostic value of candi-
date biomarker should be thoroughly assessed
to ensure their validity. The leading causes of
cancer treatment failure are metastasis and
recurrence. Recurrence and metastasis are
linked to the subpopulation of tumor cells,
named cancer stem cells (CSCs) or tumor initi-
ating cells (TICs). The ability of these cells is to
be self-renewal and give rise to the different dif-
ferentiated cells that comprised the bulk of the
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ed as a marker of CSCs or TICs in many human
tumors [10-13]. In this study, we found that
ALDH1 expression was positively associated
with LNM and TNM stages. Moreover, Kaplan-
Meier survival analysis indicated that ALDH1-
positive-expression patients had significantly
shorter OS or PFS than did ALDHZ1-negative
patients. These results demonstrate that
ALDH1 plays a critical role in TNBC progression
dan metastasis, and should be a useful bio-
marker in this disease. Our findings are consis-
tent with others studies, including those of
breast cancer and other cancers [12, 13, 25].
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Table 6. Results of univariate analyses of recur-
rence-free survival (RFS) time

Variables ,(vr:fc?:tr?ss) Log-rank P-value

ALDH1 37.666 <0.001
Negative 54 54.93+16.3
Positive 48 35.4+12.5

MACC1 46.058 <0.001
Negative 42 59.7+13.8
Positive 60 36.0+12.6

KAIL 37.672 <0.001
Negative 58 36.6+13.4
Positive 44 57.7+15.1

Age 0.205 0.651
<50 years 63 45.5+18.7
>50 years 39 46.0+£15.7

Diameter 6.855 0.032
<2.0cm 40 50.8+17.6
>2.0cm, <5.0cm 53 42.4+16.8
>5.0 cm 9 43.0+£18.5

Location 0.194 0.659
Left 47 45.1+19.0
Right 55 46.3+16.4

Type 0.986 0.611
IDC 59 45.8+17.8
ILC 32 44.6+17.6
Other type 11 48.6+17.5

Differentiation 4.300 0.038
Well 0 0
Moderate 29 51.4+17.4
Poor 73 43.6+17.3

LNM 16.106 <0.001
No 43 55.4+15.5
Yes 59 38.7+15.6

TNM stages 59.171 <0.001
[+l 47 58.8+14.2
+1v 55 34.5+11.3

Table 7. Results of multivariate analyses of RFS

time

Covariate

SE

P

HR

95% CI

TNM stages 0.669 0.340 0.049 1.952 1.002-3.802
0.929 0.264 <0.001 2.532 1.509-4.249
0.917 0.354 0.010 2.501 1.249-5.006
-0.601 0.302 0.047 0.548 0.303-0.991

ALDH1
MACC1
KAIL

MACC1 which was the first identified in colon
cancer in 2009 is a critical regulator of HGF/c-
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MET signal pathway which interferes with
tumorigenicity, epithelial-mesenchymal transi-
tion (EMT), invasion, and metastasis [15]. In
this study, we found that MACC1 expression in
TNBC tissues was significantly higher than in
control tissues. We also found that MACC1-
positive expression was positively associated
with LNM and TNM stages. Similar to ALDH1,
OS or PFS of MACC1-positive-expression TNBC
patients was significantly shorter than that for
the MACC1-negative subgroup. Our findings are
similar to the previous studies which suggest
that MACC1 should be considered as a useful
biomarker for TNBC [16, 19, 26].

KAI1 is widely considered as a suppressor of
cancer metastasis in many human cancers [22,
27-31]. KAI1 can inhibit proliferation, invasion,
and metastasis of tumor cells [21]. Results in
this study also indicated that KAIl1-positive
expression was significantly less in TNBC tis-
sues than that in control tissues, and its posi-
tive expression was inversely related to tumor
grades, LNM, and TNM stages. In addition,
Kaplan-Meier OS or PFS indicated that TNBC
patients with KAl1-positive-expression speci-
mens had significantly longer than did KAI1-
negative patients. These findings indicate that
down-regulation of KAI1 promotes TNBC pro-
gression and metastasis, which is consistent
with the previous studies [22, 27, 28].

TNM stages design therapeutic strategies for
TNBC patients, but not offer confirming infor-
mation about TNBC’s biological behavior.
Therefore, it is urgently needed to find novel
and effective biomarkers to predict TNBC’s bio-
logical behavior, metastasis, and prognosis. In
this study, multivariate analysis of OS or PFS
showed that ALDH1, MACC1, and KAI1 expres-
sion, as well as TNM stages, are independent
prognostic factors for TNBC patients. Our find-
ings thus demonstrate ALDH1, MACC1, and
KAI1 as reliable biomarkers for TNBC in predict-
ing metastasis and prognosis. Accumulating
evidence indicated that inactivation of suppres-
sor of tumor metastasis and activation of factor
of tumor metastasis was critical for tumor
metastasis. In particular, KAI1 is a suppressor
of tumor metastasis that can inhibit 3-catenin
tyrosine phosphorylation and stabilize E-cad-
herin-B-catenin complexes to prevent tumor
metastasis [29]. MACC1 promotes tumor cells
invasion and metastasis through activation of
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the HGF/c-Met signaling pathway [14, 15]. In
this study, we demonstrated that KAI1 expres-
sion was negatively associated with MACC1
expression. As a tetraspania, KAl1 was bind to
c-Met to form complex or blocked the activation
of HGF [30, 31], thus might inhibit the activa-
tion of MACC1 to slow the migration of cancer
cells. On the other hand, KAI1l expression was
negative associated with ALDH1 expression.
The niche where CSCs reside is mainly com-
posed of vascular and lymphatic vessel. MACC1
may induce tumor angiogenesis and lymphan-
giogenesis to promote tumor invasion and
metastasis [33, 34]. KAI1 may inhibit tumor
angiogenesis and lymphangiogenesis through
inhibition of p-catenin-mediated epithelial-
mesenchymal transition (EMT) [35]. Aberrant
expression of KAIL might lose inhibition of
angiogenesis and lymphangiogenesis, thus
promote CSCs proliferation, multiple differenti-
ation, invasion, and metastasis. Aberrant
expression of MACC1 further promotes tumor
cells invasion and metastasis. Although the
number of samples was relatively small, our
results may still reflect the biological behavior
of invasion and metastasis of TNBC.

Conclusion

Our findings imply that ALDH1, MACC1, and
KAI1 involves in TNBC evolution; and that com-
bined detection of ALDH1, MACC1, and KAI1
are valuable biomarkers of metastasis and
prognosis in TNBC.
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