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Distinct prognostic values of S100
MRNA expression in breast cancer
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Received: 27 September 2016 : $100 family genes encode low molecular weight, acidic-Ca** binding proteins implicating in a wide
Accepted: 28 November 2016 spectrum of biological processes. $100 family contains at least 20 members, most of which are
Published: 04 January 2017 : frequently dysregulated in human malignancies including breast cancer. However, the prognostic roles
. of each individual S100, especially the mRNA level, in breast cancer patients remain elusive. In the
current study, we used “The Kaplan-Meier plotter” (KM plotter) database to investigate the prognostic
values of 5100 mRNA expression in breast cancer. Our results indicated that high mRNA expression
of S100A8, S100A9, S100A11 and S100P were found to be significantly correlated to worse outcome,
while S100A1 and S100A6 were associated with better prognosis in all breast cancer patients. We
further assessed the prognostic value of S100 in different intrinsic subtypes and clinicopathological
features of breast cancer. The associated results will elucidate the role of S100 in breast cancer and may
further lead the research to explore the S100-targeting reagents for treating breast cancer patients.

Breast cancer is a lethal disease that leads to 15% of cancer deaths in females worldwide in 2015". Although the
incidence and mortality rates are decreasing due to the progresses achieved in screening, diagnostic and treat-
ment modalities, the incidence of breast cancer is increasing, tumor recurrence and metastatic relapse is still the
major problem contributing to high death rate®. Thus, novel targets that can be used to predict or treat breast
cancer are awaiting to explore.

$100 family members are small, acidic-Ca*" binding proteins involving in a wide spectrum of biological pro-
cesses, of which the first member was discovered in 1965°. Now, at least 20 members of S100 family have been
identified*. The so-called S100 alludes to the solubility in 100% saturated ammonium sulfate at neutral pH. There
are five genomic loci encoded S100 proteins: S100B on chromosome 21q22, S100G on the Xp22 chromosome,
S100P on chromosome 4p16 and S100Z on chromosome 5q14. The remaining members(S100A1-S100A 14,
S100A7A and S100A16) are coded in two tandem clusters on chromosome locus 1q21%%. Dysregulation of $100
expression is a common occurrence in several human tumors®. The expression of S100 proteins display a dis-
tinctive pattern in cancers that can be both stage-specific and subtype-specific. For example, S1I00A2 plays a
tumor-suppress role in oral cancer, but as a tumor promoter in lung cancer”8. S100A7 functions differing effects
in breast cancer depending on the different estrogen receptor(ER) status®. Apart from S100A7, other S100 fam-
ily members, including S100A1, S100A4, S100A6, S100A8, SI00A9, SI00A11, S100A14, S10016 and S100P,
have been reported to express in breast cancer!%18. Furthermore, the expression of S100A4, SI00A9 S100A 14,
S100A16 and S100P detected by immunohistochemistry were associated with shorter survival in breast cancer
patients'®-2!. Mckieman et al. studied 16 members of S100 gene expression (SI00A1-S100A14, S100P and S100B)
in breast cancer, only S100A11 and S100A 14 were related to poor outcome?2. Unlike the majority of the $100 fam-
ily, SI00A2 was considered as a tumor suppressor which is down-regulated in breast cancers?*. Nevertheless,
some S100 family members, for example SI00A1, SI00A13 or S100G have been rarely studied in breast cancer.
The prognostic roles of each individual S100, especially at the mRNA level in breast cancers are still elusive.
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KM plotter database was generated using gene expression data and survival information downloaded from
GEO(http://www.ncbi.nlm.nih.gov/geo/). Currently, in that database, 3557 patients have relapsed free survival
(RFS) data, 1610 have distant metastasis free survival (DMFS) data and 1117 have overall survival (OS) data®. It
has been widely used to analyze the clinical impact of individual genes to RFS, DMFS and OS of cancers, includ-
ing lung cancer, breast cancer, ovarian cancer and gastric cancer?*-8. In this study, we assessed the prognostic role
of each member of S100 mRNA expression in human breast cancer patients by KM plotter database.

Material and Methods

The correlation of individual S100 family members mRNA expression to OS was analyzed on an online data-
base, which was established using gene expression data and survival information of breast cancer patients down-
loaded from Gene Expression Omnibus (GEO)?. Clinical data including ER, PR, HER?2 status, lymph node
status, differentiation grade, intrinsic subtype and TP53 status were collected. Briefly, 20 individual members of
$100 family were entered into the database (http://kmplot.com/analysis/index.php? p=service&cancer=breast)
respectively and analyzed with setting different clinical parameters. Then, Kaplan-Meier survival plots with the
number-at-risk indicated below, hazard ratio (HR), 95% confidence intervals (CI) and log rank P were obtained
on the webpage. P value of <0.05 was considered to be statistically significant.

Results

Prognostic values of 5100 members in all breast cancer patients. We respectively examined the
prognostic values of the mRNA expression of twenty S100 family members in breast cancer patients in www.
kmplot.com. Among all of them, 6 members were significantly associated with prognosis for all breast cancer
patients (Fig. 1A). The survival curves were shown in Fig. 1B-1, we observed SI00A1 and S100A6, high mRNA
expression were associated with better prognosis (Fig. 1B and C, HR=0.73, 95% CI: 0.58-0.93, p=0.011 and
HR=0.76,95% CI: 0.60-0.97, p = 0.0246). High mRNA expression of S100A8, SI00A9, S100A11 and S100P were
significantly associated with worse OS (Fig. ID-G, HR =1.46, 95% CI: 1.15-1.85, p=0.0018, HR =1.46, 95% CI:
1.15-1.86, p=0.0016, HR=1.37, 95% CI: 1.08-1.74, p=0.0091 and HR = 1.46, 95% CI: 1.15-1.85, p=0.0017
respectively). However, S100A4 was not correlated with OS (Fig. 1H, HR=0.93, 95% CI: 0.73-1.18, p =0.5414).
The mRNA expression levels of the other S100 family members were not correlated with OS (Supplement Fig. 1),
although the mRNA expression of SI00A7 (Fig. 11, HR =1.26 95%CI: 0.99-1.59, p =0.0578) was modestly asso-
ciated with poor survival.

Prognostic values of 5100 members in different breast cancer subtypes. Next, we assessed the
prognostic values of S100 family members in breast cancer with different intrinsic subtypes, including luminal
A, luminal B, HER2-overexpressing and basal-like. As shown in Fig. 2, for S100A8 (Fig. 2E: HR=1.93, 95%CI:
1.31-2.86, p=0.0007) and S100A9 (Fig. 2F: HR=1.72, 95%CI: 1.17-2.54, p=10.0057), high mRNA expression
of those S100A members were correlated to lower OS in luminal A type breast cancer patients. For S100A1
(Fig. 2A: HR=10.61, 95%CI: 0.42-0.90, p =0.0123), SI00A2 (Fig. 2B: HR = 0.65, 95%CI: 0.45-0.96, p = 0.0297)
and S100A6 (Fig. 2D: HR = 0.65, 95%CI: 0.44-0.96, p = 0.0288), their mRNA expression levels were associated
with longer OS in luminal A type cancers. S100A5 (Fig. 2C: HR =0.69, 95%CI: 0.47-1.01, p =0.0549) was only
modestly associated with better OS but without statistical difference. The rest of S100 members were not related
with prognosis in luminal A breast cancer (Supplement Fig. 2).

In luminal B type breast cancer, S100A14 (Fig. 3A: HR =1.58, 95%CI: 1.04-2.42, p=0.0313) and S100P
(Fig. 3C: HR=1.7,95%CI: 1.11-2.59, p=0.014) was correlated to worse OS, however, S100B (Fig. 3B: HR=0.54
95%CI: 0.35-0.83, p=0.0042) was associated with better prognosis. The rest members of S100 were not correlated
to prognosis in luminal B breast cancer (Supplement Fig. 3).

In HER2-overexpressing breast cancer patients, none of high mRNA expression levels of S100 family members
were correlated with OS (Supplement Fig. 4). The expression of S100B (Supplement Fig. 4 Q: HR=0.49, 95%CI:
0.22-1.08, p =0.072) was modestly associated with OS (p =0.0718).

In basal-like breast cancer, mRNA expression of S1I00A10 (Fig. 4A: HR =2.2 95%CI: 1.23-3.92, p=0.0061),
S100P (Fig. 4C: HR =2.01, 95%CI: 1.14-3.56, p =0.0139) and S100Z (Fig. 4D: HR=2.15, 95%CI: 0.98-4.7,
p=0.0491) were correlated to worse OS. However, S100A14 (Fig. 4B: HR = 0.5, 95%CI: 0.28-0.89, p =0.0169)
was associated with better prognosis. We have observed the survival curves of the rest members of S100 in
basal-like breast cancer were not associated with prognosis (Supplement Fig. 5).

Prognostic values of S100 members in breast cancer patients with different clinicopathological
features. Furthermore, we assessed the correlation of the prognostic values of $100 with other clinicopatho-
logical features, such as pathological grades, lymph node status and TP53 status. As we can see from Table 1, high
mRNA expression of SI00A7 (HR = 1.66, 95%CI: 1.04-2.65, p =0.0326), SI00A8 (HR =1.82, 95%CI: 1.13-2.92,
p=0.0117), S100A9 (HR=2.13, 95%CI: 1.32-3.46, p = 0.0016) and S100A12 (HR =1.65, 95%CI: 1.02-2.65,
p=0.0375) were associated with worse OS in grade II breast cancer. S100P high mRNA expression was associated
with worse OS in grade I breast cancer patients (HR = 3.46, 95%CI: 1.11-10.8, p = 0.0229). None of the S100
mRNA expression was found to be correlated to OS in grade III patients. As from Table 2, S100A8 (HR=1.87,
95%CI: 1.23-2.84, p=0.0031), SI00A9 (HR =1.85, 95%CI: 1.22-2.82, p =0.0034) and S10010 (HR =1.94,
95%CI: 1.26-2.96, p = 0.0002) were associated with worse survival in lymph node negative breast cancer patients.
S100A13 (HR =0.62, 95%CI: 0.41-0.94, p =0.0240) was associated with better prognosis in lymph node negative
breast cancer. Table 3 has shown mRNA expression of SI00A8 (HR =2.57, 95%CI: 1.29-5.14, p=0.0055) and
S100P (HR =2.42, 95%CI: 1.21-4.82, p=0.0095) were correlated to worse OS in wild-p53-type breast cancer.
However, S100A4 mRNA elevated expression was associated with better OS in mutant-p53-type breast cancer
patients.
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Figure 1. The prognostic value of the mRNA expression of S100A in www.kmplot.com. (A) Prognostic

HRs of individual S100 members in all breast cancer. (B-I) Survival curves of SI00A1(the desired Affymetrix
IDs is valid: 205334_at), SI00A6(Aftymetrix IDs: 217728_at), S1I00A8(Affymetrix IDs: 202917_s_at),
S100A9(Affymetrix IDs: 203535_at), S100A11(Affymetrix IDs: 200660_at), S100AP(Affymetrix IDs: 209686_at),
S100A4(203186_s_at), and SI00A7(205916_at) are plotted for all patients (n=1117).

Discussion

In our study, SI00A1 and S100A6 were significantly associated with better prognosis, while SI00A8, SI00A9,
S100A11 and S100P were found to be correlated to worse outcome. Dysregulated S100 expression is a com-
mon feature in several human cancers. The alterative expression levels of S100 is correlated with progressive
disease, but the mechanisms of how individual S100 family members contribute to disease aggression are largely
unknown”’. In breast cancer, only S100A4, S100A7, and the heterodimer SI00A8-S100A9 are extensively evalu-
ated. SI00A4 potentially enhances tumor metastasis in pre-existing tumorigenic mouse models of breast can-
cer”?. The protein expression level of SI00A4 was associated with a poor prognosis in stage I and stage II breast
cancer'. Furthermore, depletion of S100A4 + stromal cells significantly reduced metastatic potential of ortho-
topic mammary tumor without affecting primary tumor growth®. The treatment of anti-S100A4 monoclonal
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Figure 2. Survival curves of SI00A1 (A) the desired Affymetrix IDs is valid: 205334 _at), S100A2 (B) Affymetrix
IDs: 204268 _at), S100A5 (C) Affymetrix IDs: 207763 _at), S100A6 (D) Affymetrix IDs: 217728 _at), SI00A8
(E) Affymetrix IDs: 202917_s_at) and S100A9 (F) Afftymetrix IDs: 203535_at) are plotted for luminal A type
breast cancer patients (n=504).
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Figure 3. Survival curves of S1I00A14 (A) the desired Affymetrix IDs is valid: 218677_at), SI00AB
(B) Affymetrix IDs: 209686_at) and SI00AP (C) Affymetrix IDs: 204351_at) are plotted for luminal B type
breast cancer patients (n=320).

antibody efficiently reduced metastatic burden by suppressing the recruitment of T cells to the primary tumor
site’!. However, in this study, we failed to find any correlation between the mRNA expression of SI00A4 and
prognosis in luminal A, luminal B, HER2-overexpressing or basal-like breast cancers. Unexpectedly, high mRNA
expression of S1I00A4 was correlated with better OS in mutant-p53-type breast cancer patients, which may indi-
cate the interaction between S100A4 and mutant p53°2. The results suggested that mRNA level and protein level
expression of S100A4 are functional distinct in breast cancer.

S100A7 protein overexpression is associated with high grade and is an independent prognostic indicator in
ER-negative invasive ductal carcinomas'’. SI00A7 exerts different functions in breast cancer cells depending on
different ER status. In ERa-positive breast cancer cells, SI00A7 exhibits tumor suppressor capabilities via down-
regulation of the 3-catenin/TCF4 pathway and enhanced interaction of 3-catenin and E-cadherin’®. Otherwise,
S100A7 promotes prosurvival pathways through increased activity of nuclear factor-xB and phospho-Akt and
enhances invasive capability by augmenting epidermal growth factor receptor (EGFR) in ERa-negative breast
cancer cells**?%. Here, the high mRNA expression of S100A7 was associated with worse OS in grade II breast
cancer, and modestly associated with poor survival for all breast cancer patients (p = 0.059).

S100A8 and S100A9 are originally identified in myeloid cells and naturally form a stable heterocomplex
state, participating in myeloid cell differentiation®. S100A8 and S100A9 protein expression are also frequently
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Figure 4. Survival curves of SI00A10 (A) Affymetrix IDs: 209686_at), S100A14 (B) the desired Affymetrix IDs
is valid: 218677_at), S100P (C) Affymetrix IDs: 204351 _at) and S100AZ (D) Affymetrix IDs: 1554876_a_at) are
plotted for basal-like breast cancer patients (n =204).

detected in poorly differentiated invasive ductal carcinoma of breast cancer'®. Tumor-induced upregulation of
S100A9 protein is suggested to play a critical role in recruitment and accumulation of myeloid-derived sup-
pressor cells(MDSCs) associating with inhibition of dendritic cell differentiation in breast tumor*. S100A8 and
S100A9 are also critical for the formation of pre-metastatic niche at multiple organ sites*”. In addition, SI00A8
and S100A9 enhance chemoresistance of breast cancer cells by activating the pro-survival ERK1, ERK2 and ribo-
somal protein S6 kinase 31 pathways®®. Not unexpectedly, our results confirmed that SI00A8 and S100A9 were
significantly associated with lower OS for all breast cancer, especially in luminal A type, lymph node negative and
grade 2 breast cancer patients.

S100A1 is abundantly expressed in cardiomyocytes, skeletal muscle fibers and neuronal populations and func-
tions as regulation of energy metabolism®. But, its role in cancers has rarely explored. The interaction between
S100A1 and S100A4 exerts mutually antagonistic effects. Previous study has suggested that S100A1 reduced the
anchorage-independent growth, motility and invasion of rat mammary cells by inhibiting biological effects of
S100A4%. Consistent with this result, our finding showed that the high mRNA expression of SI00A1 was signifi-
cantly correlated with better prognosis in all breast cancer patients.

S100A6 was preferentially expressed in proliferating but not quiescent fibroblasts cells*’. Increased expres-
sion of SI00A6 has been reported to be related to the progression and invasive process of several human carci-
nomas*~*. Elevated expression of S100A6 protein is an independent prognostic marker in gastric cancer and
pancreatic cancer patients*>*%. However, the prognostic role of SI00A6 in breast cancer is unknown. According
to our results, increased mRNA expression of S100A6 was correlated to better prognosis, especially in luminal A
type breast cancer.

S100A11 is considered as a candidate tumor suppressor gene which regulates pathways for Ca*"-induced
growth arrest in human keratinocytes*”*%. However, SI00A11 expression is significantly upregulated in cancers,
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S100A14 218677_at I 164 | (0.61,435) | 03200
II 0.84 | (0.53,1.33) | 0.4592
I | 092 | (0.62,137) | 0.6784
S100A16 218677_at I — — —
I |033] (003,319 | 03143
Il | 1.08 | (0.55,2.11) | 0.8278
S100B 209686_at I 167 | (0.63,441) | 02989
)
)

1I 0.76 | (0.48,1.22 0.2591
1T 0.74 | (0.49,1.11 0.1400
S100P 204351 _at I 3.46 | (1.11,10.8) 0.0229
I 1.48 | (0.92,2.35) 0.1006
1T 1.24 | (0.83,1.84) 0.2993
$100Z 204351 _at I — — —

1I 3.72 | (0.39,35.92) | 0.2228

Continued
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11 1.49 | (0.76,2.93) 0.2414

$100G 207885_at I 0.71 | (0.26,1.94) 0.5079
I 1.10 | (0.69,1.75) 0.6879
1II 1.04 | (0.70,1.55) 0.8482

Table 1. Correlation of S100 with different pathological grade status of breast cancer patients.

S100A1 205334 _at negative 0.66 | (0.44,1.01) | 0.0518
positive 1.38 | (0.83,2.29) | 0.2098
S100A2 204268_at negative 1.02 | (0.68,1.54) | 0.9248
positive 1.30 | (0.79,2.15) | 0.2973
S100A3 206027_at negative 0.87 | (0.57,1.32) | 0.5093
positive 1.58 | (0.95,2.63) | 0.0737
S100A4 203186_s_at negative 1.03 | (0.68,1.56) | 0.8766
positive 0.83 | (0.51,1.37) | 0.4768
S100A5 207763_at negative 0.87 | (0.58,1.32) | 0.5258
positive 1.32 | (0.80,2.19) | 0.2728
S100A6 217728_at negative 0.68 | (0.45,1.04) | 0.0758
positive 1.12 | (0.68,1.84) | 0.6640
S100A7 205916_at negative 1.40 | (0.93,2.12) | 0.1097
positive 1.02 | (0.62,1.67) | 0.9528
S100A7A 232170_at negative 1.01 | (0.33,3.14) | 0.9827
positive 0.64 | (0.30,1.37) | 0.2451
S100A8 202917_s_at negative 1.87 | (1.23,2.84) | 0.0031
positive 0.79 | (0.47,1.31) | 0.3598
S100A9 203535_at negative 1.85 | (1.22,2.82) | 0.0034
positive 1.10 | (0.66,1.82) | 0.7075
S100A10 200872_at negative 1.94 | (1.26,2.96) | 0.0002
positive 0.88 | (0.53,1.46) | 0.6149
S100A11 200660_at negative 1.42 | (0.93,2.14) | 0.0990
positive 0.83 | (0.50,1.37) | 0.4579
S100A12 205863_at negative 1.29 | (0.91,2.12) | 0.1243
positive 1.28 | (0.78,2.11) | 0.3334
S100A13 202598_at negative 0.62 | (0.41,0.94) | 0.0240
positive 1.38 | (0.82,2.32) | 0.2198
S100A14 218677_at negative 0.74 | (0.49,1.12) | 0.1534
positive 1.48 | (0.89,2.46) | 0.1271
S100A16 227998 _at negative 1.16 | (0.37,3.62) | 0.7941
positive 0.96 | (0.46,2.01) | 0.9092
S100B 209686_at negative 1.13 | (0.75,1.70) | 0.5749
positive 0.65 | (0.39,1.10) | 0.1039
S100P 204351 _at negative 1.47 | (0.97,2.23) | 0.0666
positive 1.00 | (0.61,1.64) | 0.9900
S100Z 1554876_a_at negative 0.93 | (0.30,2.88) | 0.8965
positive 1.59 | (0.75,3.35) | 0.2214
S100G 207885_at negative 1.00 | (0.66,1.50) | 0.9822
positive 1.12 | (0.68,1.85) | 0.6500

Table 2. Correlation of S100 members with different lymph node status of breast cancer patient.

indicating a progressive role involving in cancer cell growth*-°!. In breast carcinoma, S100A11 protein has been
shown to be expressed in different intrinsic subtypes, and its expression pattern is independent of any clinical
parameters®%. Here, our results supported that increased mRNA expression of SI00A11 may indicated worse
outcome of breast cancer patients?.

S100P was first identified in human placenta®, now it is becoming a new potential marker in diagnosing
and predicting cancers?**->¢. The elevated S100P expression is significantly associated with poor survival in
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S100A1 205334_at mutant | 1.59 | (0.72,3.48) 0.2452
wild 1.07 | (0.56,2.04) 0.8319
S100A2 204268_at mutant | 0.98 | (0.46,2.08) 0.9554
wild 0.99 | (0.52,1.88) 0.9697
S100A3 206027_at mutant | 0.91 | (0.42,1.97) | 0.8206
wild 0.85 | (0.45,1.63) | 0.6338
S100A4 203186_s_at mutant | 0.36 | (0.16,0.83) | 0.0126
wild 0.91 | (0.48,1.74) | 0.7858
S100A5 207763_at mutant | 0.7 | (0.32,1.51) | 0.3582
wild 1.27 | (0.66,2.43) | 0.4684
S100A6 217728 _at mutant | 0.96 | (0.45,2.05) | 0.9134
wild 0.93 | (0.49,1.78) | 0.8288
S100A7 205916_at mutant | 0.59 | (0.27,1.28) | 0.1754
wild 1.7 | (0.88,3.29) | 0.1102
S100A7A 232170_at mutant | 1.08 | (0.28,4.06) | 0.9148
wild — — —
S100A8 202917_s_at mutant | 0.58 | (0.27,1.28) | 0.1755
wild 2.57 | (1.29,5.14) | 0.0055
S100A9 203535_at mutant | 0.61 | (0.28,1.34) | 0.2109
wild | 1.9 | (0.97,3.69) | 0.0561
S100A10 200872_at mutant | 1.16 | (0.54,2.51) | 0.7045
wild 0.78 | (0.41,1.49) | 0.4501
S100A11 200660_at mutant | 0.57 | (0.26,1.23) | 0.1440
wild 1.6 | (0.83,3.08) | 0.1569
S100A12 205863_at mutant | 1.16 | (0.53,2.55) | 0.7072
wild 1.62 | (0.84,3.13) | 0.1449
S100A13 202598_at mutant | 1.51 | (0.69,3.33) | 0.3005
wild 1.21 | (0.64,2.32) | 0.5550
S100A14 218677_at mutant | 1.19 | (0.56,2.54) | 0.6462
wild 1.48 | (0.77,2.86) | 0.2357
S100A16 227998_at mutant | 0.78 | (0.21,2.93) | 0.7143
wild — — —
S100B 209686_at mutant | 0.54 | (0.24,1.21) | 0.1303
wild 0.58 | (0.30,1.14) | 0.1109
S100P 204351 _at mutant | 1.06 | (0.50,2.26) | 0.8797
wild 242 | (1.21,4.82) | 0.0095
S100Z 1554876_a_at mutant | 1.33 | (0.36,4.94) | 0.6732
wild — — —
S100G 207885_at mutant | 1.38 | (0.64,2.99) | 0.4158
wild | 091 | (0.48,1.74) | 0.7708

Table 3. Correlation of S100 members with different p53 status of breast cancer patients.

operable breast cancer patients*’ or in triple-negative breast cancer patients®. Recently, Chung et al. reported

the expression of short form of S100P indicated a worse survival in positive lymph node breast cancer patients®.
Here, we also confirm the prognostic value of S100P high mRNA expression in breast cancer patients. But high
mRNA expression of SI00P was not associated with prognosis in positive lymph node breast cancer patients.
Furthermore, OS of patients with SI00P mRNA abundance was significantly lower in luminal B, grade I or
triple-negative breast cancer.

A crosstalk between S100 and estrogen may occur in breast cancer. SI00A7 either inhibits or enhances the
NF-kB-miR-29b-p53 pathway depending on the ER status®®. SI00A7 mediates differential regulation of actin
remodeling and MMP-9 in breast cancer cells depending on the ER status®. In addition, estrogen is able to sup-
press adipogenesis by inhibiting SI00A16 in mouse embryonic fibroblasts®’. HER2 gene amplification occurs
in about 20-25% of breast cancers and play an important role in tumor aggression®2. SI00A7 can interact with
HER? signaling through distinct and specific phosphorylation of tyrosine resides of EGFR/HER?2, Src and SHP2
in breast cancer cells®. S100A14 expression is positively correlated with HER2 expression in breast cancer tissues,
and S100A14 can bind to and phosphorylate HER2 in a Ca*>"-dependent manner and consequently increase
cell growth®. Furthermore, S100A14 can either promote or inhibit cell motility and invasiveness by regulating
MMBP2 in a p53-dependent manner®. Herein, we observed that S100A14 mRNA expression was correlated to
worse OS in luminal B type breast cancer patients, but its increased expression was associated with better OS in
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TNBC patients, which is not consistent with the results of previous study??. The different findings could be due to
different patient’s populations, different approaches to determining cut-oft points, different follow-up periods and
different HER2 or p53 status of breast cancer. In addition, S100P was correlated to worse OS in both basal-like
and luminal B type patients. S100A10 and S100Z mRNA expression were associated with lower OS in basal-like
breast cancer. SI00A5, S100A6, S100A8 and S100A9 were correlated with prognosis in luminal A type breast can-
cer patients. The expression of S100B mRNA was correlated with better survival in luminal B type breast cancer.
The above results suggested that the crosstalk between S100 and estrogen or EGFR/HER? signaling existed in
breast cancer development, and various S100 members interacted with different signaling and exerted different
functions.

P53 protein is widely accepted as a tumor suppressor which is capable of inducing cell cycle arrest, senescence
and apoptosis. Mutant p53, mostly missense mutations in exons 4-9, possesses a gain-of-function involving in
tumorigenesis, invasion and metastasis®. Several members of $100 family can directly bind to p53 and inhibit
expression and phosphorylation of p53, which promotes stemness of cancer cells, contributes to chemoresistance
and leads to cancer progression®7!. Otherwise, SI00A4 may interact with mutant-type p53 and promote its accu-
mulation in cancer cells*?. Although S100A14 may play a dual role in tumor cells in a p53-dependent manner®,
increased mRNA expression of S100A 14 did not show any relationship with outcome in wild or mutant-p53-type
breast cancer. SI00A8 and S100P high mRNA expression were correlated to worse OS in wild-p53-type breast
cancer. And S100A4 high mRNA expression was associated with better OS in mutant-p53-type breast cancer
patients.

Our results indicated that SI00A9, S100A11 and S100P were associated with worse outcome in all breast
cancer patients according to the Kaplan-Meier survival curves and the log-rank P value based on the database.
However, the survival curves of high and low mRNA expression of SI00A9, S100A11 and S100P showed an
intersection at the time of 200 months, which might indicated some confounding factors existing when doing
these analysis. Multivariate analysis by COX regression which can eliminate the confounding factors couldn’t be
achieved in this database. Thus the conclusion that S100A9, S100A11 and S100P correlated to worse outcome
in breast cancer patients seems plausible, and it’s required to further study the precise prognostic significance of
them in breast cancer.

In summary, we assessed the prognostic values of 20 members of S100 mRNA expression in breast cancer
patients by KM plotter database. Among them, 6 members were significantly associated with prognosis in breast
cancer patients. Further assessment of prognostic values of S100 in breast cancer with different clinical features
suggested that different S100 members may interact with different signaling pathways and exerted different func-
tions in breast cancer development.

Our study provides new insights regarding the contribution of S100 members to breast cancer progression and
may be of help for the further discovering of S100-target inhibitors for treating breast cancer.

References

1. Chen, W. et al. Cancer statistics in China, 2015. CA: a cancer journal for clinicians, doi: 10.3322/caac.21338 (2016).

2. Berry, D. A. et al. Effect of screening and adjuvant therapy on mortality from breast cancer. The New England journal of medicine
353, 1784-1792, doi: 10.1056/NEJM0a050518 (2005).

3. Moore, B. W. A soluble protein characteristic of the nervous system. Biochemical and biophysical research communications 19,
739-744 (1965).

4. Zimmer, D. B., Eubanks, J. O., Ramakrishnan, D. & Criscitiello, M. E. Evolution of the S100 family of calcium sensor proteins. Cell
calcium 53, 170-179, doi: 10.1016/j.ceca.2012.11.006 (2013).

5. Bresnick, A. R., Weber, D. J. & Zimmer, D. B. S100 proteins in cancer. Nature reviews. Cancer 15, 96-109, doi: 10.1038/nrc3893
(2015).

6. Santamaria-Kisiel, L., Rintala-Dempsey, A. C. & Shaw, G. S. Calcium-dependent and -independent interactions of the S100 protein
family. The Biochemical journal 396, 201-214, doi: 10.1042/bj20060195 (2006).

7. Tsai, W. C., Tsai, S. T,, Jin, Y. T. & Wu, L. W. Cyclooxygenase-2 is involved in S100A2-mediated tumor suppression in squamous cell
carcinoma. Molecular cancer research: MCR 4, 539-547, doi: 10.1158/1541-7786.mcr-05-0266 (2006).

8. Bulk, E. et al. S100A2 induces metastasis in non-small cell lung cancer. Clinical cancer research: an official journal of the American
Association for Cancer Research 15, 22-29, doi: 10.1158/1078-0432.ccr-08-0953 (2009).

9. Deol, Y. S., Nasser, M. W,, Yu, L., Zou, X. & Ganju, R. K. Tumor-suppressive effects of psoriasin (S100A7) are mediated through the
beta-catenin/T cell factor 4 protein pathway in estrogen receptor-positive breast cancer cells. J Biol Chem 286, 44845-44854, doi:
10.1074/jbc. M111.225466 (2011).

10. Nikitenko, L. L., Lloyd, B. H., Rudland, P. S., Fear, S. & Barraclough, R. Localisation by in situ hybridisation of S100A4 (p9Ka) mRNA
in primary human breast tumour specimens. International journal of cancer. Journal international du cancer 86, 219-228 (2000).

11. Lee, W. Y. et al. Expression of S100A4 and Met: potential predictors for metastasis and survival in early-stage breast cancer. Oncology
66, 429-438, doi: 10.1159/000079496 (2004).

12. Cross, S. S., Hamdy, E C., Deloulme, J. C. & Rehman, I. Expression of $100 proteins in normal human tissues and common cancers
using tissue microarrays: SI00A6, SI00A8, S100A9 and S100A11 are all overexpressed in common cancers. Histopathology 46,
256-269, doi: 10.1111/j.1365-2559.2005.02097.x (2005).

13. Al-Haddad, S. et al. Psoriasin (S100A7) expression and invasive breast cancer. The American journal of pathology 155, 2057-2066,
doi: 10.1016/s0002-9440(10)65524-1 (1999).

14. Emberley, E. D., Alowami, S., Snell, L., Murphy, L. C. & Watson, P. H. SI00A7 (psoriasin) expression is associated with aggressive
features and alteration of Jab1 in ductal carcinoma in situ of the breast. Breast cancer research: BCR 6, R308-315, doi: 10.1186/bcr791
(2004).

15. Arai, K. et al. S100A8 and S100A9 overexpression is associated with poor pathological parameters in invasive ductal carcinoma of
the breast. Current cancer drug targets 8, 243-252 (2008).

16. Schor, A. P, Carvalho, E. M., Kemp, C,, Silva, I. D. & Russo, J. S100P calcium-binding protein expression is associated with high-risk
proliferative lesions of the breast. Oncology reports 15, 3-6 (2006).

17. Emberley, E. D. et al. Psoriasin (S100A7) expression is associated with poor outcome in estrogen receptor-negative invasive breast
cancer. Clinical cancer research: an official journal of the American Association for Cancer Research 9, 2627-2631 (2003).

18. Tanaka, M. et al. Co-expression of S1I00A14 and SI00A16 correlates with a poor prognosis in human breast cancer and promotes
cancer cell invasion. BMC cancer 15, 53, doi: 10.1186/s12885-015-1059-6 (2015).

SCIENTIFICREPORTS|7:39786 | DOI: 10.1038/srep39786 9



www.nature.com/scientificreports/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

—_

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Rudland, P. S. et al. Prognostic significance of the metastasis-inducing protein S100A4 (p9Ka) in human breast cancer. Cancer
research 60, 1595-1603 (2000).

Goncalves, A. et al. Protein profiling of human breast tumor cells identifies novel biomarkers associated with molecular subtypes.
Molecular & cellular proteomics: MCP 7, 1420-1433, doi: 10.1074/mcp.M700487-MCP200 (2008).

Wang, G. et al. Induction of metastasis by S100P in a rat mammary model and its association with poor survival of breast cancer
patients. Cancer research 66, 1199-1207, doi: 10.1158/0008-5472.can-05-2605 (2006).

McKiernan, E., McDermott, E. W,, Evoy, D., Crown, J. & Duffy, M. J. The role of S100 genes in breast cancer progression. Tumour
biology: the journal of the International Society for Oncodevelopmental Biology and Medicine 32, 441-450, doi: 10.1007/s13277-010-
0137-2 (2011).

Lee, S. W,, Tomasetto, C., Swisshelm, K., Keyomarsi, K. & Sager, R. Down-regulation of a member of the S100 gene family in
mammary carcinoma cells and reexpression by azadeoxycytidine treatment. Proceedings of the National Academy of Sciences of the
United States of America 89, 2504-2508 (1992).

Gupta, S. et al. Differential expression of S100A2 and S100A4 during progression of human prostate adenocarcinoma. Journal of
clinical oncology: official journal of the American Society of Clinical Oncology 21, 106-112 (2003).

Gyortly, B. et al. An online survival analysis tool to rapidly assess the effect of 22,277 genes on breast cancer prognosis using
microarray data of 1,809 patients. Breast cancer research and treatment 123, 725-731, doi: 10.1007/s10549-009-0674-9 (2010).

Xu, J. et al. Prognostic values of Notch receptors in breast cancer. Tumour biology: the journal of the International Society for
Oncodevelopmental Biology and Medicine 37, 1871-1877, doi: 10.1007/s13277-015-3961-6 (2016).

Zhou, X., Teng, L. & Wang, M. Distinct prognostic values of four-Notch-receptor mRNA expression in ovarian cancer. Tumour
biology: the journal of the International Society for Oncodevelopmental Biology and Medicine 37, 6979-6985, doi: 10.1007/s13277-
015-4594-5 (2016).

Wu, X. et al. Prognostic values of four Notch receptor mRNA expression in gastric cancer. Scientific reports 6, 28044, doi: 10.1038/
srep28044 (2016).

Davies, M. P. et al. Expression of the calcium-binding protein S100A4 (p9Ka) in MMT V-neu transgenic mice induces metastasis of
mammary tumours. Oncogene 13, 1631-1637 (1996).

O’Connell, J. T. et al. VEGF-A and Tenascin-C produced by S100A4 + stromal cells are important for metastatic colonization.
Proceedings of the National Academy of Sciences of the United States of America 108, 16002-16007, doi: 10.1073/pnas.1109493108
(2011).

. Klingelhofer, J. et al. Anti-S100A4 antibody suppresses metastasis formation by blocking stroma cell invasion. Neoplasia 14,

1260-1268 (2012).

Shen, W. et al. S100A4 interacts with mutant p53 and affects gastric cancer MKN1 cell autophagy and differentiation. International
journal of oncology 47, 2123-2130, doi: 10.3892/ij0.2015.3209 (2015).

Emberley, E. D. et al. The S100A7-c-Jun activation domain binding protein 1 pathway enhances prosurvival pathways in breast
cancer. Cancer research 65, 5696-5702, doi: 10.1158/0008-5472.can-04-3927 (2005).

Sneh, A. et al. Differential role of psoriasin (S100A7) in estrogen receptor alpha positive and negative breast cancer cells occur
through actin remodeling. Breast cancer research and treatment 138, 727-739, doi: 10.1007/s10549-013-2491-4 (2013).

Marenholz, 1., Heizmann, C. W. & Fritz, G. S100 proteins in mouse and man: from evolution to function and pathology (including
an update of the nomenclature). Biochemical and biophysical research communications 322, 1111-1122, doi: 10.1016/j.
bbrc.2004.07.096 (2004).

Cheng, P. et al. Inhibition of dendritic cell differentiation and accumulation of myeloid-derived suppressor cells in cancer is
regulated by S100A9 protein. The Journal of experimental medicine 205, 2235-2249, doi: 10.1084/jem.20080132 (2008).

Hiratsuka, S., Watanabe, A., Aburatani, H. & Maru, Y. Tumour-mediated upregulation of chemoattractants and recruitment of
myeloid cells predetermines lung metastasis. Nature cell biology 8, 1369-1375, doi: 10.1038/ncb1507 (2006).

Acharyya, S. et al. A CXCLI paracrine network links cancer chemoresistance and metastasis. Cell 150, 165-178, doi: 10.1016/j.
cell.2012.04.042 (2012).

Donato, R. $100: a multigenic family of calcium-modulated proteins of the EF-hand type with intracellular and extracellular
functional roles. The international journal of biochemistry & cell biology 33, 637-668 (2001).

Wang, G. et al. Mutually antagonistic actions of SI00A4 and S100A1 on normal and metastatic phenotypes. Oncogene 24,
1445-1454, doi: 10.1038/sj.onc.1208291 (2005).

Calabretta, B., Battini, R., Kaczmarek, L., de Riel, J. K. & Baserga, R. Molecular cloning of the cDNA for a growth factor-inducible
gene with strong homology to S-100, a calcium-binding protein. J Biol Chem 261, 12628-12632 (1986).

Komatsu, K. et al. Increased expression of S100A6 (Calcyclin), a calcium-binding protein of the S100 family, in human colorectal
adenocarcinomas. Clinical cancer research: an official journal of the American Association for Cancer Research 6, 172-177 (2000).

Vimalachandran, D. et al. High nuclear SI00A6 (Calcyclin) is significantly associated with poor survival in pancreatic cancer
patients. Cancer research 65, 3218-3225, doi: 10.1158/0008-5472.can-04-4311 (2005).

Wang, X. H. et al. SI00A6 overexpression is associated with poor prognosis and is epigenetically up-regulated in gastric cancer. The
American journal of pathology 177, 586-597, doi: 10.2353/ajpath.2010.091217 (2010).

Lyu, X. et al. High-level S100A6 promotes metastasis and predicts the outcome of T1-T2 stage in clear cell renal cell carcinoma. Cell
biochemistry and biophysics 71, 279-290, doi: 10.1007/s12013-014-0196-x (2015).

Lyu, X.J. et al. Elevated S100A6 (Calcyclin) enhances tumorigenesis and suppresses CXCL14-induced apoptosis in clear cell renal
cell carcinoma. Oncotarget 6, 6656-6669, doi: 10.18632/oncotarget.3169 (2015).

Sakaguchi, M. et al. S100C/A11 is a key mediator of Ca(2+)-induced growth inhibition of human epidermal keratinocytes. The
Journal of cell biology 163, 825-835, doi: 10.1083/jcb.200304017 (2003).

Sakaguchi, M. et al. Bifurcated converging pathways for high Ca2*- and TGFbeta-induced inhibition of growth of normal human
keratinocytes. Proceedings of the National Academy of Sciences of the United States of America 102, 13921-13926, doi: 10.1073/
pnas.0500630102 (2005).

Oue, N. et al. Gene expression profile of gastric carcinoma: identification of genes and tags potentially involved in invasion,
metastasis, and carcinogenesis by serial analysis of gene expression. Cancer research 64, 2397-2405 (2004).

Nakamura, T. et al. Genome-wide cDNA microarray analysis of gene expression profiles in pancreatic cancers using populations of
tumor cells and normal ductal epithelial cells selected for purity by laser microdissection. Oncogene 23, 2385-2400, doi: 10.1038/
sj.onc.1207392 (2004).

Wang, G. et al. Colorectal cancer progression correlates with upregulation of S100A11 expression in tumor tissues. International
journal of colorectal disease 23, 675-682, doi: 10.1007/s00384-008-0464-6 (2008).

Liu, X. G. et al. Ca2*-binding protein S100A11: a novel diagnostic marker for breast carcinoma. Oncology reports 23, 1301-1308
(2010).

Emoto, Y., Kobayashi, R., Akatsuka, H. & Hidaka, H. Purification and characterization of a new member of the S-100 protein family
from human placenta. Biochemical and biophysical research communications 182, 1246-1253 (1992).

Wang, X. et al. High expression of S100P is associated with unfavorable prognosis and tumor progression in patients with epithelial
ovarian cancer. American journal of cancer research 5, 2409-2421 (2015).

Jiang, H. et al. Calcium-binding protein S100P and cancer: mechanisms and clinical relevance. Journal of cancer research and clinical
oncology 138, 1-9, doi: 10.1007/s00432-011-1062-5 (2012).

SCIENTIFICREPORTS|7:39786 | DOI: 10.1038/srep39786 10



www.nature.com/scientificreports/

56. Parkkila, S. et al. The calcium-binding protein S100P in normal and malignant human tissues. BMC clinical pathology 8, 2, doi:
10.1186/1472-6890-8-2 (2008).

57. Maciejczyk, A. et al. Elevated nuclear S100P expression is associated with poor survival in early breast cancer patients. Histology and
histopathology 28, 513-524 (2013).

58. Maierthaler, M. et al. S100P and HYAL2 as prognostic markers for patients with triple-negative breast cancer. Experimental and
molecular pathology 99, 180-187, doi: 10.1016/j.yexmp.2015.06.010 (2015).

59. Chung, L. et al. A novel truncated form of S100P predicts disease-free survival in patients with lymph node positive breast cancer.
Cancer letters 368, 64-70, doi: 10.1016/j.canlet.2015.07.046 (2015).

60. Zhao, H. et al. miR-29b defines the pro-/anti-proliferative effects of SI00A7 in breast cancer. Molecular cancer 14, 11, doi: 10.1186/
$12943-014-0275-z (2015).

61. Zhang, R. et al. Estrogen suppresses adipogenesis by inhibiting SI00A 16 expression. Journal of molecular endocrinology 52, 235-244,
doi: 10.1530/jme-13-0273 (2014).

62. Slamon, D. J. et al. Human breast cancer: correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science
235, 177-182 (1987).

63. Paruchuri, V. et al. SI00A7-downregulation inhibits epidermal growth factor-induced signaling in breast cancer cells and blocks
osteoclast formation. PloS one 3, 1741, doi: 10.1371/journal.pone.0001741 (2008).

64. Xu, C. et al. S100A14, a member of the EF-hand calcium-binding proteins, is overexpressed in breast cancer and acts as a modulator
of HER2 signaling. ] Biol Chem 289, 827-837, doi: 10.1074/jbc.M113.469718 (2014).

65. Chen, H. et al. Involvement of S100A14 protein in cell invasion by affecting expression and function of matrix metalloproteinase
(MMP)-2 via p53-dependent transcriptional regulation. J Biol Chem 287, 17109-17119, doi: 10.1074/jbc.M111.326975 (2012).

66. Powell, E., Piwnica-Worms, D. & Piwnica-Worms, H. Contribution of p53 to metastasis. Cancer discovery 4, 405-414, doi:
10.1158/2159-8290.cd-13-0136 (2014).

67. Yang, T. et al. S100B Mediates Stemness of Ovarian Cancer Stem-like Cells Through Inhibiting p53. Stem cells (Dayton, Ohio), doi:
10.1002/stem.2472 (2016).

68. Lin, ., Yang, Q., Wilder, P. T., Carrier, F. & Weber, D. J. The calcium-binding protein S100B down-regulates p53 and apoptosis in
malignant melanoma. J Biol Chem 285, 27487-27498, doi: 10.1074/jbc.M110.155382 (2010).

69. Gibadulinova, A. et al. Cancer-associated S100P protein binds and inactivates p53, permits therapy-induced senescence and
supports chemoresistance. Oncotarget 7, 22508-22522, doi: 10.18632/oncotarget.7999 (2016).

70. Orre, L. M. et al. S100A4 interacts with p53 in the nucleus and promotes p53 degradation. Oncogene 32, 5531-5540, doi: 10.1038/
onc.2013.213 (2013).

71. Graczyk, A., Slomnicki, L. P. & Lesniak, W. S100A6 competes with the TAZ2 domain of p300 for binding to p53 and attenuates p53
acetylation. Journal of molecular biology 425, 3488-3494, doi: 10.1016/j.jmb.2013.06.007 (2013).

Acknowledgements
This study was supported by project grants from the Zhejiang Provincial Natural Science Foundation of China
(LY12H16014, LY13H160014 and LQ13H160011).

Author Contributions

S.Z., Z.W. and X.W. participated in the design of the study. S.Z., Z.W. and W.L. wrote the main manuscript text.
J.S. and R.L. participated in the research of the study and performed the statistical analysis. L.L. X.W. and W.L.
revised and polished the manuscript text. All authors reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Zhang, S. et al. Distinct prognostic values of S100 mRNA expression in breast cancer.
Sci. Rep. 7, 39786; doi: 10.1038/srep39786 (2017).

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

TEE o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2017

SCIENTIFICREPORTS|7:39786 | DOI: 10.1038/srep39786 11


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Distinct prognostic values of S100 mRNA expression in breast cancer

	Material and Methods

	Results

	Prognostic values of S100 members in all breast cancer patients. 
	Prognostic values of S100 members in different breast cancer subtypes. 
	Prognostic values of S100 members in breast cancer patients with different clinicopathological features. 

	Discussion

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ The prognostic value of the mRNA expression of S100A in www.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Survival curves of S100A1 (A) the desired Affymetrix IDs is valid: 205334_at), S100A2 (B) Affymetrix IDs: 204268_at), S100A5 (C) Affymetrix IDs: 207763_at), S100A6 (D) Affymetrix IDs: 217728_at), S100A8 (E) Affymetrix IDs: 202917_s_at) an
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Survival curves of S100A14 (A) the desired Affymetrix IDs is valid: 218677_at), S100AB (B) Affymetrix IDs: 209686_at) and S100AP (C) Affymetrix IDs: 204351_at) are plotted for luminal B type breast cancer patients (n =​ 320).
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Survival curves of S100A10 (A) Affymetrix IDs: 209686_at), S100A14 (B) the desired Affymetrix IDs is valid: 218677_at), S100P (C) Affymetrix IDs: 204351_at) and S100AZ (D) Affymetrix IDs: 1554876_a_at) are plotted for basal-like breast ca
	﻿Table 1﻿﻿. ﻿  Correlation of S100 with different pathological grade status of breast cancer patients.
	﻿Table 2﻿﻿. ﻿  Correlation of S100 members with different lymph node status of breast cancer patient.
	﻿Table 3﻿﻿. ﻿  Correlation of S100 members with different p53 status of breast cancer patients.



 
    
       
          application/pdf
          
             
                Distinct prognostic values of S100 mRNA expression in breast cancer
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39786
            
         
          
             
                Shizhen Zhang
                Zhen Wang
                Weiwei Liu
                Rui Lei
                Jinlan Shan
                Ling Li
                Xiaochen Wang
            
         
          doi:10.1038/srep39786
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep39786
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep39786
            
         
      
       
          
          
          
             
                doi:10.1038/srep39786
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39786
            
         
          
          
      
       
       
          True
      
   




