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Abstract Purpose Two genes, TSC22 domain family,
member 1 (TSC22D1) and prosaposin (PSAP) were iden-
tified in an in vitro functional screen for genes having a
causative role in tamoxifen resistance. These genes were
also present in our previously established 81-gene signature
for resistance to first-line tamoxifen therapy. The aim of
this study was to investigate the predictive value of these
genes for tamoxifen therapy failure in patients with
recurrent breast cancer. Experimental Design The mRNA
levels of TSC22D1 and PSAP were analyzed by quantita-
tive real-time polymerase chain reaction (QRT-PCR) in 223
estrogen receptor-positive primary breast tumors of
patients with recurrent disease treated with first-line
tamoxifen therapy. The main objective of this study was
the length of progression-free survival (PFS). Results High
mRNA levels of TSC22D1 and PSAP were significantly
associated with shorter PFS and both were independent of
the traditional predictive factors (HR = 1.30, 95% CI =
1.04-1.64 P = 0.023; and HR = 1.40, 95% CI = 1.03—
1.88, P = 0.029, respectively). In multivariate analysis,
patients with high mRNA levels of both genes associated
significantly with no clinical benefit (OR = 0.19, 95%
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CI = 0.06-0.62, P = 0.006) and had the shortest PFS
(HR = 2.05,95% CI = 1.29-3.25, P = 0.002). Conclusion
These results confirm our previous in vitro and tumor-
related findings and are indicative for the failure of tamoxi-
fen treatment in breast-cancer patients. Both TSC22D1 and
PSAP are associated with clinical outcome and may have a
functional role in therapy resistance.

Keywords TSC22D1 - PSAP - Tamoxifen -
Breast cancer - Real-time PCR

Introduction

Breast cancer is the most common malignancy among women
in the Western world. For more than 30 years, the anti-
estrogen tamoxifen has been used for the treatment of estrogen
receptor (ER)-positive breast cancer. However, only half of
the patients who have ER-positive tumors respond to tamox-
ifen therapy, while the other half show intrinsic resistance.
Moreover, patients who initially respond to therapy, will
ultimately acquire resistance during long-term treatment.

In the last decades, various studies have been performed
to identify biological factors that predict the success of
tamoxifen treatment [1]. Several molecular signatures have
been reported to associate with tamoxifen therapy efficacy.
A 21-gene [2] and a 2-gene signature, HOXB13/IL17BR
[3], were correlated with disease-free survival in patients
treated with tamoxifen in the adjuvant setting. In a gen-
ome-wide microarray study, we defined an 81-gene
signature for tamoxifen therapy failure in patients with
advanced disease [4]. Although these gene signatures
classify for prediction of clinical outcome, they do not
necessarily identify those genes that are functionally
responsible for treatment resistance.
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Therefore, we performed a different approach, namely
retroviral transduction of cDNA libraries, to identify genes
causing tamoxifen resistance. In this in vitro functional
screen, a set of 73 different genes has been identified.
Using stringent selection criteria 7 genes have been
reported to cause tamoxifen resistance [5]. The latter
included epidermal growth factor receptor (EGFR), Neu-
regulin 1 (NRG1), platelet-derived growth factor receptor-a
(PDGFRA), platelet-derived growth factor receptor-f
(PDGFRB), colony-stimulating factor 1 receptor (CSFIR),
fibroblast growth factor 17 (FGF17), and breast cancer
anti-estrogen resistance 4 (BCAR4). From these, EGFR,
BCAR4, and NRGI have already been related with
tamoxifen resistance. High levels of EGFR and BCAR4
promote anti-estrogen resistant proliferation of breast-
cancer cells in vitro [5-7]. High expression levels of NRG1
changed MCF-7 breast cancer cells into an estrogen-inde-
pendent and antiestrogen-resistant state, which was later
mimicked in a transgenic mice model [8]. In addition,
HER2 an established marker and a proven target for
patients resistant to tamoxifen therapy, was amongst the
remaining 66 discovered genes. However, the remaining
genes need further validation to establish their role in
resistance in vitro and their association with therapy failure
in clinical breast cancer.

We propose that those genes identified with two inde-
pendent approaches are interesting candidates as predictive
markers and/or targets for treatment. Interestingly, only
two genes, TSC22D1 (OMIM 607715; 13q14) and PSAP
(OMIM 176801; 10q21-q22), were identified that were
both highly expressed in tumors resistant to tamoxifen in
our microarray study and were recovered from our func-
tional screen.

In the current study, we investigated the clinical rele-
vance of the TSC22D1 and PSAP in tamoxifen resistance
with a third platform. To this end, gene mRNA levels were
measured by qRT-PCR in 223 ER-positive primary breast
tumors from patients who developed recurrent disease that
was treated with tamoxifen as first-line therapy.

Patients and methods
Patients

This retrospective study has been approved by the medical
ethics committee of the Erasmus MC Rotterdam, The
Netherlands (MEC 02.953). Total RNA was isolated from
frozen primary breast tumors of women who entered the
clinic between 1981 and 1995 and from whom detailed
clinical follow-up information was available [9, 10]. The
present study, in which coded tumor tissues were used, was
performed in accordance with the Code of Conduct of the
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Federation of Medical Scientific Societies in the Nether-
lands (http://www.fmwv.nl). Specimens were excluded
when patients had received (neo)adjuvant hormonal ther-
apy, when there was insufficient frozen tumor material, less
than 30% epithelial tumor cells, poor RNA quality, or
missing values for TSC22D1 or PSAP mRNA expression
levels. In total, ER-positive breast tumors of 223 patients
who developed advanced disease treated with first-line
tamoxifen therapy were included in this study. ER and
progesterone receptor (PgR) protein status of the tumors
was determined by routine ligand-binding assays or
enzyme immunoassays. Eighty-five patients (38%) under-
went breast conserving lumpectomy and 138 patients
(62%) modified mastectomy. Ninety-two percent of the
patients underwent an axillary-node dissection (n = 206)
and 110 patients were node positive (49%) at the time of
surgical removal of the primary tumor.

All patients, including 13 patients with a local recur-
rence, were treated with first-line tamoxifen therapy
(40 mg daily) for advanced disease. Adjuvant radiotherapy
was given to 58% of the patients and 34 patients (15%)
were treated with adjuvant chemotherapy (16 patients
anthracyclin-based (FAC/FEC) and 18 patients non-anth-
racyclin-based (CMF)). Median time to recurrence was
26 months. Median follow-up for recurrent disease of
patients alive and treated with tamoxifen was 44 months.
The median age of the patients at the time of primary
surgery was 59 years (range, 26—89 years) and at the start
of first-line tamoxifen therapy for recurrent disease
62 years (range, 29-90 years). In total, 168 patients were
postmenopausal at start of therapy. Twenty-five patients
had metastasis at diagnosis or developed distant metastasis
(including supraclavicular lymph node metastasis) within
1 month after primary surgery.

The type of response to tamoxifen therapy was recorded
as defined by standard Union Internationale Contre Cancer
criteria [11]. No clinical benefit occurred in 91 patients
(41%) of whom 81 patients had progressive disease and 10
patients showed stable disease shorter than 6 months. One
hundred thirty-two patients (59%) showed clinical benefit
from first-line tamoxifen therapy, of whom 11 patients
showed a complete remission, 34 patients showed partial
remission, and 87 patients showed stable disease longer
than 6 months.

RNA isolation and quantitative RT-PCR

Tissue processing, RNA isolation, cDNA synthesis and
quantitative real-time reverse-transcriptase polymerase
chain reaction were performed as described previously
[9]. The gRT-PCRs were performed on an ABI Prism
7700 Sequence Detection System (Applied Biosystems,
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Nieuwerkerk a/d [Jssel, The Netherlands), according to the
recommended protocol. Commercially available Assay-on-
Demand kits (Applied Biosystems) were used for TSC22D1
(Hs00394659_m1) and PSAP (Hs00358165_ml). Forty
rounds of amplification were performed according to the
supplier’s protocol and at the end of the amplification
fluorescent signals of the Tagman probes were used to
generate Cycle threshold (Ct) values from which mRNA
expression levels were calculated. Expression levels of
TSC22D1 and PSAP were normalized against average
expression levels of three housekeeping genes, i.e., por-
phobilinogen deaminase (PBGD), hypoxanthine-guanine
phospho-ribosyltransferase (HPRT) and f-2-microglobulin
(B2M) [9].

Data analysis and statistics

Differences in mRNA levels were assessed with the Mann—
Whitney U test or Kruskal-Wallis test when appropriate. In
these tests, patient and tumor characteristics were used as
grouping variables. Associations between continuous
variables were tested with the Spearman rank correlation
(Ry). Cox proportional-hazards models were applied to
compute the hazard ratio (HR), which correlates expression
levels of the variables with progression-free survival.
Progression-free survival was defined as the time between
start of treatment with tamoxifen as first-line systemic
therapy for recurrent disease and the occurrence of disease
progression. In multivariate analysis, Cox regression
analysis was applied to determine whether TSC22D1 and
PSAP had a predictive value and was independent when
added to the base model of the traditional predictive factors
age, menopausal status, disease-free interval (DFI), domi-
nant site of relapse (DSR), and log ER and log PgR mRNA
levels [12]. The proportional hazards assumption was not
violated for TSC22D1 and PSAP in any of these analyses.
Logistic-regression analysis was performed to calculate the
odds ratio (OR) that defines the relation between expres-
sion levels and clinical benefit of tamoxifen therapy. Both
HR and OR were calculated on log-transformed variables
and were represented with their 95% confidence interval
(95% CI).

Only when the test for trend of a continuous variable
was statistically significant a search for a cutoff point was
considered justified. To define cutoff points, we used iso-
tonic regression analysis to find the points where the
monotonic relationship between the measured level and the
hazard rate showed a distinct change. On the basis of these
cutoff points, survival curves were generated using the
method of Kaplan and Meier and a log-rank test was used
to test for differences. Computations were performed with
the STATA statistical package, release 10 (STATA Corp.,

College Station, TX). All P-values were two-sided and
P < 0.05 was considered statistically significant.

Results

Associations of TSC22D1 and PSAP with
clinicopathological factors

In this study, TSC22D1 and PSAP mRNA expression lev-
els were measured in 223 primary breast tumors using qRT-
PCR. Median expression levels of TSC22D1 and PSAP,
their interquartile range, and their association with patient
and tumor characteristics are shown in Table 1. TSC22D1
and PSAP expression levels did not have a relationship with
menopausal status, tumor size, nodal status, tumor grade,
nor with histological subtype (Table 1). All tissues were ER
positive at the protein level and in agreement none of the
samples tested negative for ER-o« mRNA levels [9]. Both
TSC22D1 and PSAP mRNA levels had an inverse corre-
lation with ER and PgR at mRNA levels (Rs = —0.06 and
—0.16 for TSC22D1 and Rs = —0.03 and —0.09 for PSAP,
respectively). At protein levels of ER and PgR, these
inverse correlations were significant (Rs = —0.16 and
—0.26 for TSC22D1 and Rs = —0.15 and —0.17 for PSAP,
respectively). Moreover, at mRNA levels TSC22D1 was
significantly (P < 0.001) correlated with PSAP (R =
0.33), EGFR (Rs = 0.37), and ERBB2 (R, = 0.24). Finally,
PSAP had a significant (P < 0.001) correlation with EGFR
(Rs = 0.22), but not with ERBB2.

Association of TSC22D1 and PSAP expression levels
with progression-free survival and clinical benefit

Clinical endpoint of this study was progression after start of
first-line tamoxifen therapy. TSC22D1 and PSAP mRNA
levels, as univariate continuous log-transformed variables,
were significantly associated with shorter PFS (HR = 1.39,
95% CI = 1.12-1.72, P = 0.003 and HR = 1.51, 95%
CI = 1.13-2.02, P = 0.006, respectively) (Table 2).
TSC22D1 expression was also significantly associated with
clinical benefit to tamoxifen therapy (OR = 0.64, 95%
CI = 0.42-0.98, P = 0.042), while PSAP was not.

The significant findings of TSC22D1 and PSAP for PFS
as continuous variable in univariate analysis justified the
search for predictive cutoff points. Cutoff points for
TSC22D1 and PSAP were 0.042 and 0.378, respectively.
Patient groups with the highest levels of TSC22D1 or
PSAP had a worse outcome for first-line tamoxifen treat-
ment (HR =172, 95% CI = 1.26-2.33, P < 0.001;
HR =179, 95% CI = 1.23-2.59, P = 0.002, respec-
tively) (Table 2). The predictive values of dichotomized

@ Springer



256 Breast Cancer Res Treat (2009) 113:253-260

Table 1 Associations of TSC22D1 and PSAP mRNA levels with clinicopathological factors

No. patients % TSC22D1 PSAP
Median A? pP* Median A? P*
Age (years)® 0.033° 0.215°
<40 23 10 0.074 0.048 0.624 0.357
41-55 74 33 0.061 0.056 0.668 0.611
56-70 82 37 0.063 0.068 0.711 0.607
>70 44 20 0.046 0.059 0.784 0.581
Menopausal status” 0.319¢ 0.670°
Premenopausal 73 33 0.069 0.047 0.648 0.592
Postmenopausal 150 67 0.060 0.068 0.741 0.565
Tumor size 0.154° 0.236°
PTL, <2 cm 63 28 0.061 0.058 0.744 0.557
PT2, >2-5 cm 130 58 0.066 0.061 0.692 0.592
PT3, >5 cm + pT4 30 13 0.049 0.059 0.669 0.669
Lymph nodes involved 0.652° 0.111°
0 98 47 0.062 0.068 0.741 0.594
1-3 52 25 0.061 0.056 0.601 0.513
>3 58 28 0.059 0.062 0.693 0.557
Grade 0.912° 0.763°
Poor 125 56 0.061 0.065 0.704 0.664
Unkown 71 32 0.063 0.056 0.728 0.568
Good/moderate 27 12 0.059 0.064 0.652 0.338
Histological type 0.411° 0.187°
IDC 134 60 0.061 0.065 0.733 0.572
ILC 24 11 0.043 0.041 0.654 0.371
DCIS + IDC 13 6 0.068 0.016 0.637 0.580
other/unknown 52 23 0.068 0.063
PgR protein status’ <0.001° 0.010°
PgR low 37 17 0.089 0.094 0.857 0.695
PgR high 183 83 0.059 0.052 0.688 0.581
Response tamoxifen first-line treatment 0.021° 0.268°
Complete response 11 5 0.037 0.034 0.473 0.830
Partial response 34 15 0.045 0.073 0.744 0.603
Stable disease >6 months 87 39 0.060 0.051 0.649 0.521
Stable disease <6 months 10 5 0.098 0.045 0919 0.673
Progressive disease 81 36 0.063 0.063 0.758 0.532

a

Interquartile range (q75—q25)
* Two-sided P-value

b At primary surgery

¢ Spearman rank correlation
Mann-Whitney U test

¢ Kruskal-Wallis test

 In three samples PgR status was unknown

d

TSC22D1 and PSAP are visualized with Kaplan—-Meier ~ was also significantly associated with clinical benefit to
curves (Fig. 1). The differences in median PFS were 7.5and  tamoxifen therapy (OR = 0.38, 95% CI = 0.20-0.71,
7 months between patients with high and patients with low P = 0.002).

expression levels of TSC22D1 or PSAP, respectively. In multivariate analysis, both factors analyzed as con-
Furthermore, TSC22D1 dichotomized at the cutoff point  tinuous and dichotomized variable were significantly
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Table 2 Cox uni- and multivariate analysis for progression-free survival of patients receiving first-line tamoxifen therapy
Factor of base model No. of patients %o Univariate analysis Multivariate analysis
HR 95% CI P HR 95% CI P
Age (years)® 0.041 0.041
<40 14 6 1 1
41-55 69 31 0.74 0.41 1.32 0.63 0.34 1.16
56-70 81 36 0.65 0.37 1.16 0.48 0.23 1.00
>70 59 26 0.48 0.26 0.87 0.35 0.16 0.75
Menopausal status® 0.337 0.112
Premenopausal 55 25 1 1
Postmenopausal 168 75 0.85 0.62 1.17 1.47 0.91 2.36
Disease-free-interval <0.001 <0.001
<1 year 60 27 1 1
1-3 years 99 44 0.63 0.45 0.87 0.58 0.42 0.82
>3 years 64 29 0.46 0.31 0.67 0.44 0.30 0.65
Dominant site of relapse 0.446 0.550
Viscera 84 38 1 1
Bone 119 53 1.05 0.78 1.41 0.91 0.66 1.24
LRR 20 9 0.76 0.45 1.29 0.74 0.42 1.30
ER-o mRNA level 223 100 0.89 0.83 0.95 <0.001 091 0.84 0.98 0.014
PgR mRNA level 223 100 0.89 0.83 0.96 0.002 0.89 0.82 0.97 0.005
Factors analysed Additions to the base model
TSC22D1
Continuous variable 223 100 1.39 1.12 1.72 0.003 1.30 1.04 1.64 0.023
Cutoff point for PFS®
Low 70 31 1 1
High 153 69 1.72 1.26 233 <0.001 1.60 1.16 2.19 0.004
PSAP
Continuous variable 223 100 1.51 1.13 2.02 0.006 1.40 1.03 1.88 0.029
Cutoff point for PFS®
Low 41 18 1 1
High 182 82 1.79 1.23 2.59 0.002 1.63 1.12 2.37 0.001
TSC22D1 & PSAP
Cutoff point for PFS®
Group 1 (both genes low) 27 12 1 1
Group 2 (one gene low) 57 26 1.54 0.93 2.54 0.09 1.49 0.9 2.47 0.12
Group 3 (both genes high) 139 62 2.29 1.46 3.61 <0.001 2.05 1.29 3.25 0.002

? At start of first-line therapy for recurrent disease

® Cutoff points were determined at 0.042 for TSC22D1 and 0.378 for PSAP

associated with PFS (Table 2), showing that they are
independent from the traditional predictive factors (age,
menopausal status, DSR, DFI, ER and PgR levels). When
adjuvant chemotherapy was added to the base model, the
estimates for TSC22D1 and PSAP did not change indi-
cating that possible chemical castration prior to endocrine
therapy has no significant impact on these results. In
multivariate analysis for clinical benefit, dichotomized
TSC22D1 levels showed a significant relation with clinical
benefit (OR = 0.39, 95% CI = 0.19-0.78, P = 0.008).

In a subsequent exploratory analysis, we divided
our patient group into three subsets on the basis of their
mRNA levels for both TSC22D1 and PSAP (both genes low
(group 1), one gene low (group 2), and both genes high
(group 3)). Compared with the patients having low mRNA
levels for both genes (HR set at 1.0), those with high mRNA
levels for both genes (62% of the patients) had a signifi-
cantly shorter PFS (HR = 2.29, 95% CI = 1.46-3.61,
P < 0.001). Patients having low levels for one gene (26% of
the patients) showed an intermediate HR (1.54, P = 0.09,
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PFS as a function of TSC22D1

100 -
HR (95% CI

low 1
75 - 1.72 (1.26-2.33)

50 -

25 -

Progression-Free Survival (%)

Logrank test for trend: P =0.001

0- T T ]

0 12 24 months 36
Patients at risk:
TSC22D1 low 70 39 17 13
TSC22D1 high 153 50 21 12
B PFS as a function of PSAP
100 -
HR (95% CI)

low 1
1.79 (1.23-2.59)

75 -

50 -

25 -

Logrank test for trend: P = 0.002
] 1 1 1

Progression-Free Survival (%)

0-

0 12 24 months 36
Patients at risk:
PSAP low 41 26 12 8
PSAP high 182 63 26 17

Fig. 1 Kaplan—-Meier curves of progression-free survival for
advanced breast cancer patients after start of first-line tamoxifen
therapy as a function of TSC22D1 (a) and PSAP (b) mRNA levels.
On the basis of cutpoint analyses, patients were divided into two
groups, having low or high mRNA levels. Patients at risk are
indicated

95% CI = 0.93-2.54) (Table 2). The difference in median
PFS between patient groups having high versus low levels
for both genes was 9 months (Fig. 2). Multivariate analysis
for PFS (Table 2) and clinical benefit (OR intermedi-
ate = 030, 95% CI=0.08-1.05, P =0.06; OR
high = 0.19, 95% CI = 0.06-0.62, P = 0.006) showed
that these results are independent from traditional predictive
factors.

Discussion

Recently, we performed a genome wide screen in breast
tumor samples to uncover a set of markers predictive for
the type of response to endocrine therapy [4] and a func-
tional screen using retroviral transduction of breast cancer
cells for finding genes involved in tamoxifen resistance [5].
In the first approach, we have identified 81 genes predicting
resistance to tamoxifen therapy and in the latter approach
we found 73 candidate genes possibly having a causative
role in tamoxifen resistance. Combining the results of both
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PFS as a function of TSC22D1 and PSAP
100 -

HR (95%Cl)
75 Group 1 1
- Group 2 1.54 (0.93-2.54)
Group 3 2.29 (1.46-3.61)

50 -

25 -

Progression-Free Survival (%)

Logrank test for trend: P < 0.001 3

1 1 0 1
0 12 24 months 36

0-

Patients at risk
TSG22D1and PSAP:

Group 1 27 19 8 7
Group 2 57 27 13 7
Group 3 139 43 17 11

Fig. 2 Kaplan—Meier curve of progression-free survival for advanced
breast cancer patients after start of first-line tamoxifen therapy as a
function of combined TSC22D1 and PSAP mRNA levels. Patients
were divided into three groups having low levels for both genes
(group 1), low levels for TSC22D1 or PSAP (group 2), and high
levels for both genes (group 3). Patients at risk are indicated

approaches, two overlapping genes, PSAP and TSC22D1,
were identified.

In the current study, we used qRT-PCR as a third
method to validate the predictive value of TSC22D1 and
PSAP in tamoxifen therapy. The patient cohort in this study
is clinically relevant because it included a large group of
patients with stable disease. We investigated whether the
expression levels of TSC22D1 and PSAP in primary breast
tumors could predict the outcome of first-line tamoxifen
treatment in patients with advanced disease. Our results
confirm that patients having high mRNA levels of
TSC22D1 and/or PSAP have a shorter PFS compared with
patients having low levels of these genes.

TSC22D1 encodes a leucine-zipper transcription factor
and belongs to the large family of early response genes. It
was originally isolated as a Transforming Growth Factor,
beta-1 (TGFp) inducible gene in mouse osteoblasts [13].
TSC22D1 was proposed as a tumor-suppressor gene
because it participates in growth inhibition of brain tumors,
salivary-gland tumors and prostate cancers [14-16].
TSC22D1 was found to be downregulated in the presence
of estrogens in MCF7 breast cancer cells [17], which was
in concordance with our Spearman rank correlation data.
Expression of the gene was shown to be upregulated
through progesterone in growth-inhibited breast cancer
cells [18].

With regard to TGFf signaling it was shown that
TSC22D1 enhanced TGFf signaling in U973 cells by
interaction with SMAD4 [19]. Furthermore, TSC22D1
increased levels of Cyclin-dependent Kinase Inhibitor 1A
(CDKNI1A, also known as p21 or CIP1), a downstream
component of TGFf, in colon carcinoma cells [20]. In
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addition, TGFf is a well-known inhibitor of cell prolifer-
ation, which can be activated by the presence of tamoxifen
[21]. These data support an inhibitory effect of TSC22D1
on tumor proliferation and seem to be in contrast with the
fact that high levels of TSC22DI1 are associated with
tamoxifen resistance. However, it has been described that
TGFp can turn into a promoter of progression in later
tumor stages and can stimulate tumor angiogenesis,
extracellular matrix degradation, inhibition of antitumor
immune response, and epithelial-to-mesenchymal transi-
tion [22].

PSAP is a lysosomal precursor protein of the saposins A,
B, C, and D. PSAP has been reported to be present in
conditioned media from the ER negative MDA-MB-231 as
well as the ER positive MCF-7 breast cancer cell lines and
in SV40 transformed normal HBL100 breast cells. Besides
that, it also exists uncleaved in many biological fluids,
including human milk [23, 24]. Estrogens have been
reported to stimulate PSAP production in MCF-7 cells.
Moreover, PSAP interacts with procathepsin D in human
breast cancer cells [25, 26], suggesting a role in tumor
invasiveness and metastasis. Misasi et al. have demon-
strated an anti-apoptotic effect of PSAP in neuronal as well
as non-neuronal cells [27, 28]. They have shown that PSAP
activates Mitogen-activated Protein Kinase 1 and 3 (ERK-2
and -1) and spingosine kinase, and they propose a possible
role in cell survival for the MAPK and PI3K-Akt pathways
through which these genes exert their function. Interest-
ingly, both pathways have previously been reported to be
associated with tamoxifen resistance [29, 30]. The latter
supports our observed association of high levels of PSAP
with tamoxifen treatment failure.

Almost two-thirds of the patients show high expression
levels of both PSAP and TSC22D1. This group has an even
poorer treatment outcome. The relative high percentage of
patients with high levels of both genes may be explained by
CDKNI1A. It has been reported that TSC22D1 increase
CDKNI1A levels. Besides its well-known tumor-suppressive
effects, high levels of CDKN1A have also been reported to
have an unfavorable effect in anticancer treatment [31]. In
permanently growth-inhibited tumor cells, a state that bears
resemblance to tamoxifen treatment, CDKN1A has been
shown to induce genes having an anti-apoptotic or mitogenic
activity, including PSAP [32, 33]. Furthermore, this indi-
cates that upregulation of CDKNIA also supports the
possible tumor-promoting capabilities of TSC22D1.

In the present study, qRT-PCR analysis of mRNA levels
of TSC22D1 and PSAP in primary breast-cancer specimens
validates our previous genome wide and in vitro findings of
these genes being associated with tamoxifen resistance.
Since the mechanisms of action of PSAP and TSC22D1
have not been well characterized, the biological processes
involved in tamoxifen resistance remain to be elucidated.

As discussed above, several lines of evidence have been
reported already. It would be intriguing though to unravel
the precise role of these genes in resistance with respect to
the clinical significance in breast cancer.

We showed an association of high expression levels for
both genes with failure of tamoxifen treatment in patients
with recurrent breast cancer. On the basis of our functional
screen, both genes have a putative causative role in therapy
resistance and this may give new perspectives on biological
pathways containing new drugable targets for tamoxifen
therapy.
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