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Clinical Relevance of T1-S, an Oncogene-Inducible,
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Superfamily, in Node-Negative Breast Cancer
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SUMMARY: Axillary lymph node-negative breast cancer patients have a low risk for disease recurrence, and the majority of
these patients are cured by surgery alone. However, accurate identification of that 30% of node-negative patients who are at
high-risk for relapse and who might therefore benefit from adjuvant systemic therapy has not been possible using traditional
histomorphological and clinical prognostic factors alone. Identification of novel tumor-associated molecules may therefore
provide a basis for a better understanding of and eventually for an interference with disease progression. We have recently
reported on tumor-associated RNA up-regulation of the secreted, soluble T1-S receptor in node-negative breast cancer. In the
present study we analyzed the tumor-associated level of the T1-S receptor using semiquantitative immunohistochemistry in a
collective of 102 node-negative breast carcinomas to study its clinical relevance. A high T1-S immunoreactivity score indicating
T1-S overexpression was observed in 58 of 102 (57%) cases. The T1-S score was independent of the tumor size, type, grade,
steroid hormone receptor status, and the proliferation rate determined by monoclonal antibody against KI-67 protein (MIB1)
immunohistochemistry. In univariate and multivariate analysis of disease-free survival, a high T1-S score (p = 0.003) and a low
MIB1 score (p = 0.001) were the only parameters that were highly significantly associated with an improved disease-free survival
period. We conclude that T1-S receptor overexpression is a novel and independent tumor biological factor that may be

associated with reduced progression of lymph node-negative breast cancer. (Lab Invest 2001, 81:159-165).

reast cancer is the most common malignancy in

women in the Western world. More than 10% of
women develop this disease during their lifetime
(American Cancer Society, 1994), and more than half
of them will eventually die from the disease. Because
of an increase in the early detection of breast cancer,
the number of axillary node-negative patients is still
increasing. Axillary lymph node involvement is pres-
ently the strongest factor available for the assessment
of patient prognosis (Merkel and Osborne, 1989).
Node-negative breast cancer patients have a rather
low risk of relapse compared with node-positive pa-
tients. Approximately 70% of the node-negative pa-
tients are cured by surgery alone and therefore do not
require adjuvant systemic therapy. Only 30% of node-
negative patients will relapse within 10 years after
surgery and eventually die of metastasis (Clark and
McGuire, 1988). Traditional histomorphological and
clinical factors (tumor size, grade, type, steroid hor-
mone receptor status, age, and menopausal status)
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do not reliably identify those node-negative patients at
high risk for disease recurrence who might benefit
from adjuvant systemic therapy. Using conventional
prognostic factors, more than 75% of all node-
negative breast cancer patients receive adjuvant sys-
temic therapy, even though only about 30% will even-
tually develop systemic disease (McGuire and Clark,
1992). Recent research has therefore aimed at eluci-
dation of early events in tumor progression that are
linked to tumor aggressiveness. Tumor-related alter-
ations in cell cycle regulation and growth factor recep-
tor signaling, which appear to be involved in the
progression of lymph node-negative breast cancer to
a systemic metastatic disease, have been identified
(DeMichele and Weber, 1997; Hoskins and Weber,
1995; Werenskiold et al, 2000). Molecules with tumor-
related alterations, such as the tumor suppressor gene
p53 (Silvestrini et al, 1996; Soong et al, 1997) and
cyclin E and p27/kip1 (Porter et al, 1997), may also be
linked to prognosis in lymph node-negative breast
cancer.

The extracellular soluble T1-S receptor represents
such a novel tumor-associated molecule that is over-
expressed in node-negative breast cancer as we have
recently shown (Werenskiold et al, 2000). The T1-S
receptor was originally identified as an oncogene-
inducible molecule of mouse fibroblasts (Klemenz et
al, 1989). The homologues of the T1-S receptor in rat
(fit-1-S) (Bergers et al, 1994) and man (ST2) (Tominaga
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et al, 1992) show a high evolutionary conservation; the
328 amino acid human T1-S/ST2 peptide is 67.6%
and 63.5% homologous to the mouse and rat pro-
teins, respectively. The soluble T1-S receptor is a
truncated, secreted variant of a membrane-associated
T1 receptor (ST2L/fit-1-M). The sequence similarity of
its cytoplasmic portion identifies the T1-receptor as a
member of the interleukin-1-receptor/Toll-receptor
family (Tominaga et al, 1992). T1 protein variants are
encoded by differentially spliced mRNAs. Two major
T1 transcripts corresponding to the membrane-
associated and soluble T1 protein variants are ex-
pressed in mouse and rat tissues, whereas three T1
transcripts have been identified in human cells (Kumar
et al, 1997). Human T1 has not been analyzed in detalil
so far, but extensive work in the murine system
showed a tissue-specific differential expression of T1
receptor variants. The membrane-associated T1 re-
ceptor is constitutively expressed in hemopoietic cells
(Thomassen et al, 1995) and appears to be associated
with Th2 helper cell functions (Lohning et al, 1998; Xu
et al, 1998). By contrast, T1-S synthesis is restricted to
a few differentiating mouse tissues (Rdssler et al,
1995), and an aberrant re-expression of T1-S mRNA
was demonstrated in invasive mammary adenocarci-
nomas of H-ras(EJ) oncogene-transgenic mice
(Rossler et al, 1993).

In a small pilot study we recently demonstrated for
the first time an overexpression of T1-S mRNA in
node-negative human breast cancer cases and
showed a correlation of tumor-associated T1-S mRNA
levels with the immunohistochemical presence of
T1-S protein (Werenskiold et al, 2000).

In the present study, we used immunohistochemis-
try to assess the clinical relevance of T1-S receptor
overexpression in a collective of 102 node-negative
breast cancer patients. We demonstrate (a) that the
level of tumor-associated T1-S immunoreactivity is
independent of established clinical and histomorpho-
logical parameters and (b) that high T1-S immunore-
activity is significantly associated with an improved
disease-free survival (DFS).

The prognostic impact of T1 was evaluated in a
collective of node-negative breast cancer patients
where the majority of patients did not receive any
adjuvant systemic therapy. After first relapse, sys-
temic therapy tends to be quite heterogeneous. To
study the impact of the factors on the natural course of
the disease without the influence of systemic treat-
ment, we therefore focused on disease-free (DFS) and
not overall survival (OS).

Results

T1-S immunoreactivity was determined using two
different antibodies: a polyclonal antibody that was
obtained against a peptide specific for the T1-S pro-
tein isoform (Rossler et al, 1995) and a monoclonal
antibody raised against recombinant human T1-S Fc
protein and, therefore, one that cross-reacts with the
membrane-associated T1 receptor (unpublished ob-
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servations). The T1-S scores obtained with the two
antibodies showed a high correlation (r = 0.86 Spear-
man rank correlation coefficient). Minor variations in
T1-S immunoreactivity can be attributed to the above-
mentioned differences in antibody specificity. Be-
cause of its specificity for T1-S, only results obtained
with the polyclonal antiserum are shown here.

Expression of T1-S in Normal Breast Tissue and
Fibrocystic Disease

In the samples of resting normal adult breast tissue
(n = 7) and cases of fibrocystic disease (n = 8), both
T1-specific antibodies displayed a low-to-moderate
cytoplasmic T1-S expression (score: 1-6) in the mam-
mary epithelium. The intensity of T1-S immunoreac-
tivity differed in individual cases among different areas
and also among individual adjacent cells. The inner
epithelial layer of ductal epithelium exhibited higher
levels of T1-S immunoreactivity than the outer myo-
epithelial layer. The denser interlobular stroma
showed a higher extracellular T1-S immunoreactivity
than the loose fibrovascular intralobular stroma.

The following benign epithelial changes showed a
higher level of T1-S immunoreactivity than normal
epithelium: metaplastic epithelial change (ie, apocrine
metaplasia), distortion of pre-existing glandular com-
ponents (ie, cystic change), increased number of glan-
dular components (ie, adenosis), and increased num-
ber of epithelial cells within pre-existing glandular
components (ie, epithelial hyperplasia).

Expression of T1-S in Node-Negative Invasive Breast
Cancer

Both T1-specific antibodies gave a cytoplasmic stain-
ing in the tumor cells. Of 102 primary breast carcino-
mas analyzed, 100 displayed T1-S reactivity in tumor
cells at highly variable levels (Fig. 1). The percentage
of stained tumor cells within the tumor tissue ranged
from 5% to 95%. Heterogeneity of the staining pattern
in different areas was also observed within individual
tumor specimens. In ductal carcinomas, tumor cells
growing in solid or tubular arrays frequently displayed
a higher T1-S reactivity than disseminated single tu-
mor cells. About 50% of the tumors that exhibited high
levels of T1-S immunoreactivity in the tumor cells also
showed considerable T1-S reactivity in the stroma. In
14 lobular carcinomas and 9 carcinomas of special
histological type (eg, medullar carcinoma), tumor cells
displayed a low-to-intermediate T1-S immunoreactiv-
ity (score: 1-8). High T1-S immunoreactivity (score:
9-12) was observed only in ductal carcinomas (n =
16). Extracellular T1-S immunoreactivity did not differ
between ductal carcinoma and other types of carci-
noma. Two ductal carcinomas lacked any detectable
T1-S immunohistochemical reactivity (score: 0), al-
though they did react with other antisera (eg, hormone
receptors).

Table 1 shows patient and tumor characteristics
and their correlation with T1-S. The level of T1-S
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Figure 1.

T1-S immunoreactivity in node-negative breast cancer. Immunostaining of paraffin sections with the polyclonal anti-T1-S antiserum reveals (A) maximal T1-S
immunoreactivity (score: 12) in one ductal carcinoma (G3, pT1c, hormone receptor-positive, no relapse after 65 mo); (B) complete absence of reactivity (score: 0)
in another ductal carcinoma (G3, pT2, hormone receptor-positive, relapse after 45 mo); (C) intermediate T1-S immunoreactivity (score: 8) in a tubular carcinoma (G1,
pT1a, hormone receptor-positive, no relapse after 80 mo); and (D) low T1-S immunoreactivity (score: 3) in a lobular carcinoma (G2, pT2, hormone receptor-positive,
relapse after 22 mo). Original magnifications: A, B, C, x100; D, x200.

Table 1. Patient and Tumor Characteristics

T1-S
S — Pearson x°
Factor Groups n? % =4 >4 p-value
All cases 102 100 44 58
Age =60 yr 57 55.9 23 34 NS
>60 yr 45 441 21 24
ER Negative 22 21.6 9 13 NS
Positive 80 78.4 35 45
PgR Negative 30 294 14 16 NS
Positive 72 70.6 30 42
Tumor size =2cm 44 431 17 27 NS
>2 c¢m 58 56.9 27 31
Tumor type Ductal 79 77.5 32 47 NS
Lobular 14 13.7 7 7
Other 9 8.8 5 4
Tumor grade G1 + G2 62 60.8 25 37 NS
G3 40 39.2 19 21
MIB1 =25 73 71.6 28 45 0.087
>25 24 235 14 10
ER, estrogen receptor; PgR, progesterone receptor; MIB1, monoclonal antibody against KI-67 protein; NS, not significant.
2 Not all variables were measurable in all cases.
expression did not significantly correlate with tumor Impact of T1-S on Disease-Free Survival
type, grade, size, steroid hormone receptor status,
monoclonal antibody against KI-67 protein (MIB1) Twenty-five of the 102 patients relapsed during the
reactivity, or patient age. follow-up period (median 83 months). The prognostic
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impact of all factors on disease-free survival (DFS)
was first determined by univariate Cox analysis (Table
2). Tumor type, size, steroid hormone receptor status,
and age had no significant impact on DFS, whereas
T1-S score (= 4 vs > 4), MIB1 (= 25% vs > 25%), and
tumor grade (G1 + G2 vs G3) did have a significant
influence on DFS. Figures 2 and 3 show the DFS rates
for the high- and low-risk groups as defined by T1-S
and MIB1. Patients with high MIB1 proliferation index
(> 25%) had a 3.7-fold higher relapse risk than pa-
tients with low MIB1 (= 25%). Patients with high T1-S
score (> 4) had a significantly reduced risk for relapse
compared with patients with low T1-S score (= 4)
(Table 2).

In multivariate analysis, only the T1-S protein level
and the MIB1 proliferation index had an independent,
significant association with DFS. None of the other
factors showed any additional impact on patient prog-
nosis (Table 2).

Discussion

The biological significance of T1-S overexpression in
human breast cancer is not yet well understood.
Evidence has accumulated on T1-receptor function in
the mouse, where T1 is expressed in proliferating
osteoblastic precursor cells and the presence of T1
receptor is required in the differentiation of a mature
osteoblast-producing bone matrix (Werenskiold et al,
1995, 1999). In the mouse mammary gland, T1-S is
synthesized in the phase of tubular outgrowth in the
pubertal female gland (Rdssler et al, 1993), suggesting
that T1-S also plays a role in the proliferation or
differentiation of mammary epithelial cells. This is
concordant with the observation that the highest level
of T1-S mRNA in human breast cancer is expressed in
ductal carcinomas and in particular in cells within
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Figure 2.

Kaplan-Meier plot showing a significant impact of T1-S immunoreactivity on
disease-free survival (DFS) in node-negative breast cancer. High T1-S scores
(> 4; n = 58) are associated with longer DFS (p = 0.003) compared with low
T1-S scores (= 4; n = 44).
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Figure 3.

Kaplan-Meier plot showing a significant impact of monoclonal antibody against
KI-67 protein (MIB1) immunoreactivity on DFS in node-negative breast cancer.
Low MIB1 scores (= 25; n = 73) are associated with longer DFS (p = 0.001)
compared with high MIB1 scores (> 25; n = 24).

tubular tumor areas (Werenskiold et al, 2000). This
may indicate a correlation of T1-S synthesis with a
differentiated epithelial phenotype. However, the lack
of a correlation between the T1-S immunoreactivity
score and the MIB1 proliferation index argues against

Table 2. Impact of Traditional and Tumor Biological Factors on DFS

Univariate analysis

Multivariate analysis

Factor Groups RR (95%-Cl) p-value RR (95%-Cl) p-value

Age =60 yr NS NS
>60 yr 1.04 (0.47-2.29)

ER Negative NS NS
Positive 1.05 (0.39-2.80)

PgR Negative NS NS
Positive 0.85 (0.37-1.97)

Tumor size =2.cm NS NS
>2 cm 1.71 (0.74-3.95)

Tumor type Ductal NS NS
Lobular 0.78 (0.23-2.61)
Other 0.45 (0.06-3.35)

Tumor grade G1 + G2 0.028 NS
G3 2.43 (1.10-5.38)

MIB1 =25 0.001 0.005
>25 3.68 (1.67-8.10) 3.11 (1.40-6.89)

T1-S =4 0.003 0.009
>4 0.28 (0.12-0.65) 0.32 (0.14-0.75)

DFS, disease-free survival; RR, relative risk; Cl, confidence interval; NS, not significant/not selected.
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a proliferation-associated synthesis of T1-S in breast
cancer cells.

Recent studies in mice have also implicated T1 in
immune regulation. Membrane-associated T1 recep-
tor is expressed in Th2 lymphocytes, and T1-S is
capable of inhibiting Th2-cell-mediated immune re-
sponses to parasites (Lohning et al, 1998; Xu et al,
1998). Analogously, synthesis of T1-S in human breast
cancer might affect the antitumor immune response in
breast cancer patients. We therefore re-examined the
node-negative breast cancer cases with respect to the
presence of lymphocyte infiltrates. No correlation be-
tween the T1-S immunoreactivity score and evidence
for an immune reaction was evident. Thus, the biolog-
ical role of T1-S overexpression in human breast
cancer remains unclear.

In our earlier small pilot study, we showed a corre-
lation between tumor-associated T1-S mRNA levels
and T1-S immunoreactivity in paraffin sections in a
small collection of node-negative invasive breast car-
cinomas (Werenskiold et al, 2000). In the present
study, we used immunohistochemistry to assess the
tumor-biological role of T1-S in a larger, homogenous
group of node-negative breast carcinomas. Because
the majority of patients did not receive any adjuvant
systemic therapy, the follow-up data reflects the nat-
ural course of the disease. The average age of the
patients (59 yr), percentage of ductal carcinomas
(78%), hormone receptor status (78% of the tumors
were positive for estrogen receptor and 71% of tu-
mors were positive for progesterone receptor), and
MIB1 reactivity are all consistent with other studies of
node-negative breast cancer patients (Dettmar et al,
1997; Oesterreich et al, 1996; Prechtel and Prechtel,
1993).

In our previous pilot study, which included 46 node-
negative breast carcinomas (Werenskiold et al, 2000),
we found a correlation between tumor-associated
T1-S mRNA levels and the tumor grade. In the present
larger collection of 102 node-negative breast carcino-
mas analyzed by immunohistochemistry, we were not
able to confirm this finding on the protein level. x?
analysis found no association of the T1-S score with
any other patient or tumor characteristics. The T1-S
score was significantly associated with DFS in univar-
iate and multivariate analyses, thus showing for the
first time a correlation of T1-S expression with clinical
outcome in node-negative breast cancer (high expres-
sion levels are correlated with a favorable prognosis).
Of all other prognostic factors investigated in this
study, only the MIB1 proliferation index and tumor
grade were significantly associated with DFS in the
univariate analysis. This is in agreement with pub-
lished data (Dettmar et al, 1997; Gasparini et al, 1994;
Sahin et al, 1991). In our study only MIB1 and not
tumor grade remained a significant predictor for DFS
using multivariate analysis. This may be partly due to
the fact that MIB1 is the more precise measure of
tumor cell proliferation, whereas the Bloom and Rich-
ardson grading system (Bassler et al, 1992), which is
widely used in routine pathology, only gives a rough
estimate of the percentage of mitotic tumor cells.

Relevance of T1-S in NO Breast Cancer

The above findings demonstrate for the first time
that T1-S overexpression is a novel independent
tumor-biological parameter associated with improved
DFS. Further studies are needed to show whether
T1-S is indeed functionally involved in the reduction of
disease progression.

Materials and Methods
Patient Population

The study collective consisted of 102 female patients
who underwent modified radical mastectomy (n = 65)
or breast conserving therapy (n = 37) for primary
breast cancer at the Department of Gynecology and
Obstetrics, Technical University of Munich, between
1987 and 1993. Selection criteria for this study in-
cluded the absence of axillary lymph node involve-
ment and distant metastases. Ninety-four of these
patients did not receive any adjuvant systemic ther-
apy. At the time of surgery, the patients ranged in age
from 37 to 82 years (median: 59 yr). The median length
of survival of patients still alive at the time of analysis
was 83 months (range: 48-126 mo). During follow-up,
25 patients (25%) developed disease recurrence.

The tumors were staged according to the Interna-
tional Union Against Cancer tumor node metastasis
(TNM) classification (Sobin and Fleming, 1997). Histo-
logical tumor grade (G) was determined by a com-
bined histological-cytological score (Bassler et al,
1992). Estrogen (ER) and progesterone (PgR) receptor
expression was determined by immunohistochemistry
and scored semiquantitatively (Remmele and Stegner,
1987). The proliferation marker MIB1 was determined
by immunohistochemistry and scored according to
the percentage of positive tumor cells (Dettmar et al,
1997).

Antibodies and Immunohistochemistry

The preparation and characterization of the antibodies
and the immunohistochemistry method have been
described (Werenskiold et al, 2000). In brief, the two
antibodies used. (a) A rabbit polyclonal serum was
raised against a synthetic peptide corresponding to
the c-terminal sequence of the murine T1-S, which is
specific for the T1-S variant of the T1 protein (Réssler
et al, 1995). Purified immunoglobulin G (IgG) was used
at a concentration of 13 wg/ml. (b) The rat monoclonal
antibody M144 was kindly provided by J. E. Sims of
Immunex Corporation (Seattle, Washington). It was
raised in rats against recombinant human T1-S-Fc
protein and cross-reacts with membrane-associated
T1 receptor. It was used at a working concentration of
7 pg/ml. Formalin-fixed, paraffin-embedded tissues
from representative areas of the primary tumor were
cut into 4-um thick sections, deparaffinized, and hy-
drated. Slides were pretreated with 0.3% H,O, for 30
minutes to suppress endogenous peroxidase activity
and incubated for 20 minutes with blocking serum.
They were then incubated with antibodies against T1
for 12 hours at 4° C. After washing, the specific color

Laboratory Investigation ® February 2001 ® Volume 81 ® Number 2

163



164

Prechtel et al

reaction was sequentially developed using the ABC-
Vector Peroxidase staining kit (Camon, Wiesbaden,
Germany).

Immunohistochemical T1-S reactivity was scored
by two staff pathologists (DP and HH) according to a
modification of the method described by Remmele
and Stegner (1987). By this method, two variables are
determined. First, T1-S immunoreactivity is classified
as absent (0), low (1), intermediate (2), or high (3).
Secondly, the various percentages of T1-S reactive
tumor cells classified by the following cut-off levels: =
80% (4), = 50% (3), > 20% (2), = 20% (1), 0% (0).
The T1-S immunoreactivity score is obtained as the
product of these two variables and ranges from 0
to 12.

Statistical Analyses

The T1-S score was coded as a binary variable by
employing log-rank statistics to determine an optimal
cut-off (T1-S score = 4 vs T1-S score > 4) for the
discrimination of low- and high-risk patients. For tra-
ditional prognostic factors, binary coding was per-
formed according to clinical conventions. Correlation
of T1-S with the other factors was then evaluated
using the x? Test of Independence.

Disease-free survival (DFS) rates were calculated
using Kaplan-Meier estimates (Kaplan, 1958). The
prognostic impact of all analyzed factors on DFS was
assessed by Cox’s Proportional Hazard Model (Cox,
1972) using the SPSS software package (SPSS Inc.,
Chicago, lllinois), which provides estimates of the
relative risk (RR) together with 95% confidence inter-
vals (95%-Cl). To compare the prognostic power of
various factors in multivariate Cox regression analysis,
covariant selection was carried out by a stepwise
forward procedure. The covariant selection obtained
by the stepwise forward procedure was then validated
by backward elimination analysis as well as by a
model including all variables. Both of these methods
confirmed the results obtained by the stepwise for-
ward procedure. All tests were performed at a signif-
icance level of « = 0.05.
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