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The tetraspanin protein superfamily member KAI1 suppresses tumor
growth and metastasis in animal models and is downregulated in
various human malignancies. In breast cancer, KAI1 is preferentially
lost in estrogen receptor (ER)-positive tumors. Interestingly, most ER-
negative primary breast cancers retain KAI1 expression. This study
aimed to evaluate whether or not KAI1 is downregulated during
progression to metastasis of these carcinomas. Expression of KAI1,
ER, progesterone receptor, c-ErbB2, and Ki67 was analyzed in tissue
microarrays comprising a large collection of distant organ metastases
from human breast cancers (n = 92) by immunohistochemistry. Results
were compared with a previously characterized set of primary breast
tumors (n = 209). Immunoreactivity for KAI1 was observed in one-third
of the metastases and was associated with lack of ER expression
(P = 0.005). The high frequency of KAI1-positive cases in ER-negative
primary tumors was maintained in ER-negative metastases. Expression
of KAI1 was also observed in MDA-MB-468 and SK-BR-3, two ER-
negative breast cancer cell lines of metastatic origin. Moreover, a
reanalysis of independent microarray gene expression data indicated
maintenance of KAI1 mRNA expression in metastases from ER-negative
breast cancers. Furthermore, in a series of matched pairs of mammary
carcinomas and metachronous distant metastases, all metastases from
KAI1-positive/ER-negative primary tumors were KAI1-positive as well.
Collectively, these findings demonstrate that the expression of KAI1
is maintained during progression to metastasis in a large proportion
of ER-negative mammary carcinomas. This has significant implications
for the use of KAI1 as a clinical marker and the understanding of
the metastatic process in human breast cancer. (Cancer Sci 2009;
100: 1767–1771)

Few genes have so far been characterized as metastasis sup-
pressor genes, one of which is KAI1/CD82.(1,2) KAI1 encodes

a cell-surface protein of the tetraspanin superfamily and was first
identified as a suppressor of the metastatic phenotype of AT6.1
prostate cancer cells.(3) Ectopic expression of KAI1 also inhibits
growth and metastasis of LNCaP, B16BL6, and MDA-MB-435/
M14 cancer cells.(4–6) Upon stimulation with appropriate ligands,
KAI1 mediates growth-suppressive signals which lead to induction
of p21 and inhibition of cell proliferation.(5) In addition, KAI1
interferes with the activation of the tyrosine kinase c-Met.(7)

Analyses of clinical tumor specimens revealed that KAI1 is
gradually downregulated during the progression of prostate
cancer.(8–10) Ueda and colleagues reported an inverse correlation of
KAI1 expression and histological grade in prostate cancer.(8) Bouras
et al. likewise observed reduced expression of KAI1 in poorly
differentiated prostate cancer.(9) Dong and colleagues reported that
the expression of KAI1 was uniformly lost in prostate cancer
metastases.(10) In line with these findings, White et al. demon-
strated that KAI1 was downregulated in 16 of 18 human cancer
cell lines of metastatic origin derived from lung, ovarian, endo-
metrial, bladder, and prostate cancer.(11) Subsequently, KAI1 has
been proposed to represent a promising biomarker for the
metastatic potential of various human malignancies, including
breast cancer.(1,2,12) However, in comparison to prostate cancer,

the role of KAI1 in breast cancer is more complex. KAI1 is
expressed throughout the normal mammary epithelium but is
downregulated in the majority of human primary breast tumors.(13,14)

Downregulation of KAI1 preferentially occurs in estrogen receptor
(ER)-positive cancers and involves ER-mediated gene repres-
sion.(13,14) Interestingly, ER-negative mammary carcinomas, which
represent a biologically and clinically distinct entity, mostly retain
expression of KAI1.(13,14) Given the metastasis-suppressive function
of ectopically expressed KAI1 in experimental animal models, it
seems reasonable to assume that ER-negative breast tumors would
rarely metastasize. Yet, in the clinics, ER-negative breast cancers
are clearly associated with metastasis and an adverse outcome.(15–19)

Paradoxically, ER-negative mammary carcinomas frequently
express the metastasis suppressor KAI1.(13,14) This raises the
question whether KAI1 is downregulated in distant metastases
from ER-negative breast cancers. As only few cancer patients have
distant metastases surgically removed, little is known about the
expression of KAI1 in metastatic breast cancer tissue.(20) These con-
siderations prompted us to study the expression of KAI1 in clinical
specimens of distant metastases from human breast cancers.

Materials and Methods

Tissue microarrays and cell lines. With approval of the local
ethics committee, tissue microarrays containing 1.4 mm (diameter)
core biopsies from representative tumor areas were constructed
as described previously.(14,19) Microarrays comprised 92 metastases
resected from the liver or central nervous system of female
patients diagnosed with invasive breast cancer at the Hannover
Medical School (Suppl. Table 1). Additional microarrays comprised
a cohort of 209 unselected M0/Mx primary breast tumors, which
were characterized earlier.(14) A third set of tumor specimens
included 25 metachronously metastasized primary breast tumors
(Suppl. Table 2), of which a total of 14 cases were matched
primary tumors corresponding to a particular metachronous
distant metastasis included in the collection of 92 metastases
(Suppl. Table 3). The breast cancer cell lines MDA-MB-468 and
MDA-MB-453 were obtained from ATCC (Manassas, VA, USA).
The breast cancer cell lines SK-BR-3, MDA-MB-231, CAL-51,
MDA-MB-157 and MCF-7, and their culture conditions have
been described earlier.(21)

Immunological reagents and immunohistochemistry. Detection of
KAI1 was performed with the monoclonal anti-KAI1 antibody G2
(Santa Cruz, Santa Cruz, CA, USA) using paraffin-embedded
UACC-893 and MCF-7 cells as internal controls as described
previously.(14) Detection of ER, progesterone receptor (PR), c-
ErbB2, and Ki67 was performed with the SP1 (Lab Vision,
Fremont, CA, USA), PgR-636 (DakoCytomation, Hamburg,
Germany), NCL-c-erbB-2p (Novocastra, Newcastle, UK), and MIB-
1 (DakoCytomation) antibodies. Four-micrometer sections of
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tissue microarrays were mounted on poly-L-lysine-coated slides
and were incubated with the primary antibodies outlined above.
Immunoreactions were detected with the ZytoChem-Plus HRP
Kit (Zytomed, Berlin, Germany). Membranous KAI1 immuno-
reactivity was evaluated using an immunoreactivity score (IRS)
as described by Remmele and Stegener.(14) Tumor samples with
an IRS ≤2 were considered as KAI1-negative, whereas those with
an IRS ≥3 were considered as KAI1-positive. Overexpression of
c-ErbB2 and high/low Ki67 labeling index (LI) were defined as
described earlier.(14) Statistical analyses were carried out using
GraphPad Prism software and the χ2-test.

Microarray gene expression data. cDNA microarray gene expres-
sion data covering more than 18 000 human transcripts in a
previously described set of matched primary breast cancers
(n = 8) and corresponding metastases (n = 8) were obtained from
the Netherlands Cancer Institute’s webpage (www.nki.nl/nkidep/
pa/microarray).(22) Normalized expression ratios from all samples
and cDNA clones were uploaded into BRB-ArrayTools version
3.5.0-Patch_2 for retrieval of KAI1 gene expression ratios and
further analyses with GraphPad Prism software.

Quantitative reverse transcription PCR and western blot. The cDNA
synthesis was performed using Superscript II reverse transcriptase
(Invitrogen, Karlsruhe, Germany) and 1 μg DNAse I-treated total
RNA as template in a 20-μL reaction volume. Standard endpoint
reverse transcription PCR was performed with 1 μL cDNA as
template in a 25-μL reaction volume using Platinum Taq DNA
polymerase (Invitrogen). Quantitative assessment of KAI1 gene
expression normalized to the housekeeping gene β-GUS was

performed with Sybr Green I (Invitrogen) as described previously.(14)

Primers for the amplification of full-length KAI1 have been
described elsewhere.(23) For western blotting, cells were lysed in
radioimmunoprecipitation assay (RIPA) buffer and 40 μg total
cellular protein was separated by 12% SDS-PAGE and transferred
to nitrocellulose membranes. KAI1 and β-actin protein were
detected with the G2 and AC-15 (Acris, Hiddenhausen, Germany)
antibody, respectively.

Results

KAI1 expression in distant metastases. Expression of KAI1 was
evaluated by immunohistochemistry in a large collection of 92
distant metastases from human breast cancers. Figure 1(a) shows
representative examples of KAI1 immunohistochemical stainings
in a KAI1-negative and a KAI1-positive liver metastasis (Fig. 1a).
An overview of the immunoreactivity profile of the whole
metastasis set is shown in Figure 1(b). Overall, KAI1 immuno-
reactivity was observed in 33% of the metastases, while 67%
were considered as KAI1-negative. KAI1-positive metastases were
clearly associated with an ER-negative phenotype (P = 0.005)
(Table 1). Expression of KAI1 mRNA and protein was also observed
in MDA-MB-468 and SK-BR-3, two ER-negative breast cancer
cell lines of metastatic origin (Fig. 1c,d). In MDA-MB-468, wild-
type KAI1 mRNA was confirmed by sequencing (not shown).

KAI1 expression in distant metastases versus primary tumors. To
gain insight into the role of KAI1 in breast cancer progression,
the immunoreactivity profile of the metastasis set was compared

Fig. 1. Expression of KAI1 in clinical specimens of distant metastases from breast and in breast cancer cell lines of metastatic origin. (a)
Representative examples of KAI1 immunohistochemical stainings in formalin-fixed paraffin-embedded breast cancer metastases resected from the
liver. The top panel shows a KAI1-negative metastasis and the bottom panel a KAI1-positive metastasis (magnification, ×50; insets: magnification,
×400). (b) Overview of the immunoreactivity profiles of 92 distant metastases on tissue microarrays for estrogen receptor (ER), progesterone
receptor (PR), c-ErbB2, Ki67, and KAI1. Black: ER, positive; PR, positive; c-ErbB2, 2+/3+; Ki67, labeling index (LI) ≥35. Grey: ER, negative; PR, negative;
c-ErbB2, 0/1+; Ki67, LI <35. (c) Total RNA from breast cancer cell lines of metastatic origin was subjected to quantitative reverse transcription PCR.
Normalization was performed using the housekeeping gene β-GUS as reference. Bars represent mean expression of KAI1. Error bars represent the
SEM. (d) Western blot. Whole cell lysates were separated by 12% SDS-PAGE and probed with the monoclonal anti-KAI1 antibody G2. Detection of
β-actin verified equal loading.
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with the immunoreactivity profile of a previously described set
of 209 unselected M0/Mx primary breast tumors analyzed in the
same institution.(14) Interestingly, this comparison revealed an
approximately 1.4-fold excess of KAI1-positive cases in the
metastasis set (Fig. 2a). A similar excess of KAI1-positive cases
was also observed in metachronously metastasized primary breast
tumors relative to unselected M0/Mx primary breast tumors
(Suppl. Table 4). However, these comparisons were biased by the
well-known overrepresentation of ER-negative cases among breast
cancer patients with metastatic disease.(17–19) Hence, this analysis
was further refined by subdividing the metastasis set as well as the
primary tumor set in an ER-positive and an ER-negative subgroup
(Fig. 2b,c). In the ER-positive subgroup, immunoreactivity for
KAI1 was observed in 8% of the primary tumors and in 15% of
the metastases (Fig. 2b). This was not a statistically significant
difference (P = 0.195). In the ER-negative subgroup, immuno-
reactivity for KAI1 was observed in 57% of the primary tumors
and in 43% of the metastases (Fig. 2c). This was also not a
statistically significant difference (P = 0.126), suggesting that the
expression of KAI1 is maintained during progression to metastasis
in a large proportion of ER-negative mammary carcinomas.

KAI1 expression in matched pairs of primary tumors and distant
metastases. To further substantiate this finding, matched pairs of
primary tumors and corresponding distant metastases were
examined. First, the cDNA microarray gene expression data
provided by Weigelt et al. comprising four ER-negative and four
ER-positive primary breast cancers and corresponding metastases,
were re-evaluated.(22) In line with our immunohistochemical
finding, KAI1 expression ratios were considerably higher in
ER-negative metastases compared to ER-positive metastases
(P = 0.047), but not in ER-negative primary tumors compared to
ER-negative metastases (P = 0.835) (Fig. 3a). However, the limited
number of available human metastases samples restricted the
informative value of this independent dataset.(22) Hence, we
examined KAI1 expression in additional matched pairs of primary
tumors and metchronous distant metastases by immunohisto-
chemistry. From the set of 92 metastases described above, 14
metastases were analyzed side-by-side with the corresponding
primary or locally recurrent breast tumor of the respective patient

Table 1. Relationship between KAI1 expression
and clinicopathological factors in breast cancer
metastases

KAI1-negative KAI1-positive P-values

Cases 62 (67%) 30 (33%)
Age P = 0.070

<60 years 31 (60%) 21 (40%)
≥60 years 31 (77%) 9 (23%)

Metastasis localization
Liver 29 (81%) 7 (19%)
Cerebrum 19 (54%) 16 (46%)
Cerebellum 10 (63%) 6 (37%)
Meninges 4 (80%) 1 (20%)

Estrogen receptor P = 0.005
Negative 33 (57%) 25 (43%)
Positive 29 (85%) 5 (15%)

Progesterone receptor P = 0.255
Negative 50 (65%) 27 (35%)
Positive 12 (80%) 3 (20%)

c-ErbB2 expression P = 0.657
0, 1+ 32 (70%) 14 (30%)
2+, 3+ 30 (65%) 16 (35%)

Ki67 labeling index (LI) P = 0.067
<35 45 (74%) 16 (26%)
≥35 17 (55%) 14 (45%)

χ2-test.

Fig. 2. Comparison of KAI1 immunoreactivity in distant metastases from
breast cancer and in a cohort of unselected M0/Mx primary mammary
carcinomas. The set of primary tumors has been described previously.(14)

Statistical analysis was carried out using the actual numbers of observed
cases and the χ2-test. (a) Frequency of KAI1-positive cases in the whole
metastasis set versus frequency of KAI1-positive cases in the whole set of
primary mammary carcinomas. (b) Frequency of KAI1-positive cases in the
ER-positive subgroup of the metastasis set versus frequency of KAI1-positive
cases in the ER-positive subgroup of the set of primary mammary car-
cinomas. (c) Frequency of KAI1-positive cases in the ER-negative subgroup
of the metastasis set versus frequency of KAI1-positive cases in the ER-
negative subgroup of the set of primary mammary carcinomas.
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(Fig. 3b,c). Notably, all metastases from KAI1-positive/ER-negative
primary tumors were KAI1-positive as well (Fig. 3b,c).

Discussion

KAI1 suppresses tumor growth and metastasis in experimental
animal models and has been proposed as a clinical marker of low
metastatic potential in various human malignancies, including
breast cancer.(1,2,12) However, we and others have recently shown
that the more aggressive ER-negative mammary carcinomas
commonly express KAI1.(13,14) The present study sought to clarify
whether or not KAI1 is downregulated during the progression to
metastasis of these carcinomas. Therefore, KAI1 expression was
analyzed in tissue microarrays comprising a large collection of
clinical specimens of distant organ metastases from human breast
cancers. KAI1 immunoreactivity was observed in one-third of the
metastases. Like in primary breast tumors, expression of KAI1
was clearly associated with an ER-negative phenotype in breast
cancer metastases (P = 0.005). The high frequency of KAI1-positive
cases in ER-negative primary tumors was maintained in ER-
negative metastases, arguing against a downregulation of KAI1
during progression to metastasis of ER-negative mammary car-
cinomas. In line with a previous report, expression of full-length

KAI1 mRNA and protein was also observed in ER-negative breast
cancer cell lines of metastatic origin.(13) Moreover, a reanalysis
of independent, publicly available microarray gene expression data
also indicated that KAI1 mRNA expression levels are maintained
in distant metastases from ER-negative breast cancers.(22) Further-
more, in a series of matched pairs of primary tumors and
corresponding metachronous distant metastases, all metastases
from KAI1-positive/ER-negative primary tumors were KAI1-
positive as well. Collectively, these findings demonstrate that the
expression of KAI1 is maintained during progression to metastasis
in a large proportion of ER-negative mammary carcinomas. We
conclude that the downregulation of KAI1 is dispensable for ER-
negative mammary carcinomas to progress and to metastasize in
breast cancer patients. Possibly, KAI1 is functionally inactivated in
ER-negative mammary carcinomas by antagonistic and metastasis-
enhancing tetraspanins like KITENIN or CD151.(24,25) Contrary
to the notion gained by the clear metastasis-suppressive function
of ectopically expressed KAI1 in experimental animal models,
the results reported herein show that KAI1 is not useful as a
marker of low metastatic potential in breast cancer. Moreover,
this strongly underscores the importance of analyzing clinical
metastasis specimens for the evaluation of factors that regulate
tumor progression and metastasis in experimental models.
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Additional Supporting Information may be found in the online version of this article:

Table S1. Clinicopathological parameters of the breast cancer metastasis set.

Table S2. Clinicopathological parameters of the set of metachronously metastasized primary breast cancers.

Table S3. Characteristics of the set of metachronously metastasized primary breast cancers and their matched distant metastases.

Table S4. Immunoreactivity profiles of distant organ metastases from breast cancers, unselected primary breast cancers (M0/MX), and meta-
chronously metastasized primary breast cancers.
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