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Abstract. - OBJECTIVE: In this study, we
aimed to explore prognostic value of MASTL
(microtubule-associated serine/threonine Kki-
nase-like) in breast cancer patients on the basis
of ER status and molecular subtypes.

MATERIALS AND METHODS: The raw mi-
croarray data (GDS5666) of 4T1 derived bone-ag-
gressive explant and primary tumor explant
were reanalyzed to identify the dysregulated
genes. To pool previous annotated genomic da-
ta that assessed the association between MAS-
TL expression and metastatic relapse (MR) risk,
MR-free survival, any event (AE, defined as any
relapse or death) risk, and AE-free survival in
breast cancer patients, a meta-analysis was per-
formed by bc-GenExMiner 4.0.

RESULTS: MASTL is a significantly upregulat-
ed gene in 4T1 bone-aggressive explant com-
pared to primary tumor explant. Univariate Cox
analysis showed that high MASTL expression
is associated with a higher risk of MR (HR: 1.43,
95%Cl: 1.28-1.60; p<0.001) and a higher risk of
AE (HR: 1.27, 95%CI: 1.18-1.37; p<0.001) in ER+
breast cancer. Also, high MASTL expression al-
so predicts a worse MR-free survival (HR: 1.74,
95%Cl: 1.40-2.17; p<0.001) and a worse AE-free
survival (HR: 1.42, 95%ClI: 1.23-1.63; p<0.001) in
ER+ breast cancer. However, the associations
were not observed in ER- patients. The follow-
ing NPI adjusted analyses confirmed the results
of univariate Cox analysis. In Single Sample Pre-
dictors (SSPs) and Subtype Clustering Models
(SCMs) subtypes, high MASTL expression is as-
sociated with increased risk of AE and predicts a
poor AE-free survival in ER+ subgroups.

CONCLUSIONS: MASTL might be a valuable
indicator of MR risk and AE risk in ER+ patients,
but not in ER- patients.
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Introduction

Metastasis is one of the most important pro-
gnostic factors affecting the survival of breast
cancer patients'?. Although the development of
early diagnostic tools and therapeutic strategies
have a significantly improved prognosis, the de-
velopment of metastasis is still a major cause of
cancer-related death. Currently, the metastatic
potential of a primary breast tumor is mainly as-
sessed by pathological characterization of tumor
grade and stage®*. Therefore, it is still necessary
to investigate the mechanism underlying tumor
initiation and progression and to identify reliable
biomarkers to predict metastatic likelihood.

One recent study® reported that MASTL (mi-
crotubule-associated serine/threonine kinase-like)
can act as a regulator of the DNA damage response
(DDR), a cellular surveillance mechanism, by pro-
moting mitotic progression and cell cycle reentry.
Once DNA damage happens, a series of DDR pro-
cesses such as DNA repair, cell cycle checkpoint,
and cell death are immediately initiated®. Therefore,
it is generally accepted DDR plays a critical role in
cancer initiation, progression, and therapy response.

MASTL is upregulated in some types of
cancer, including breast cancer’. It acts as an
oncoprotein that promotes hyperactivation of
oncogenic kinase AKT via degradation of its
phosphatase, PHLPP, in human malignancies®. Its
upregulation can enhance cell proliferation under
DNA damage stress in squamous cell carcinoma
(SCO) cells”. Knockdown of MASTL potentiates
SCC cells and cervical cancer Hela cells to che-
motherapy™. In breast cancer, MASTL upregula-
tion is correlated with a more advanced clinical
stage’. However, the prognostic value of MASTL
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in breast cancer is still not clear. In this study, by
data mining in be-GenExMiner 4.0, a database of
published annotated genomic data including 5609
breast cancer patients'®!, we assessed the progno-
stic value of MASTL in breast cancer patients on
the basis of the ER status and molecular subtypes.

Materials and Methods

Microarray Reanalysis

The raw microarray data (GDS5666) that
compared gene expression profiles among the pa-
rental mammary tumor cell line 4T1 and 4T1 de-
rived metastatic populations isolated from liver,
lung or bone were downloaded from GEO data-
sets. The raw data of bone-aggressive explant and
primary tumor explant were reanalyzed to identi-
fy the dysregulated genes.

Bioinformatic Analysis of the Association
between MASTL Expression and Patient
Survival

To pool previous annotated genomic data that
assessed the association between MASTL expres-
sion and metastatic relapse (MR) risk, MR-free
survival, any event (AE, defined as any relapse or
death) risk and AE-free survival in breast cancer
patients, meta-analysis was performed by using
be-GenExMiner 4.0, which is a database of pu-
blished annotated genomic data including 5609
breast cancer patients'™!". Subgroup analysis was
performed according to the ER status, or on the
basis of molecular subtypes, by Single Sample
Predictors (SSPs) or Subtype Clustering Models
(SCMs) subtyping method respectively. The pro-
gnostic impact of MASTL is evaluated using
univariate Cox proportional hazards model, and
a forest plot and Kaplan-Meier curves (for the me-
dian-split pool). To evaluate the independent pro-
gnostic impact of MASTL relative to the Nottin-
gham prognostic index (NPI), a well-established
breast cancer prognostic index'>!*, NPI adjusted
analysis was further performed.

Results

MASTL is Upregulated in 4T1
Bone-aggressive Explant Compared
to Primary Tumor Explant

By reanalysis of the raw data of GDS5666, we
found that MASTL is a significantly upregulated
gene in 4T1 bone-aggressive explant compared to

2414

primary tumor explant (Figure 1A, red arrow). Then,
we examined whether MASTL upregulation is asso-
ciated with the risk of poor prognosis in breast can-
cer, including MR risk and AE risk. By data mining
in be-GenExMiner 4.0, we found 21 studies inclu-
ding 3,472 patients reported the association between
MASTL expression and MR or AE (Table I). Then,
we performed a preliminary study to explore pro-
gnostic analysis for MASTL with any nodal status,
any ER status, and any event. The results showed
that the in patients with ER+ tumor, low MASTL
RNA expression is associated with increased risk of
MR and AE (Figure 1B). However, the association
was not observed in patients with ER- tumor (Figu-
re 1B). In contrast, high MASTL expression might
be associated with decreased risk of AE in patients
with nodal negative and ER- tumor at the margin of
significance (HR: 0.86, 95%CI: 0.73-1.01, p=0.06)
(Figure 1B). These findings suggest that MASTL
may have different prognostic value in different
subtypes of breast cancer.

MASTL Univariate Cox Analysis and NP/
Adjusted Analysis of MR by ER Status

To examine whether MASTL has different pro-
gnostic values in ER+ or ER- breast cancer pa-
tients, we further performed subgroup analysis.
Data analysis showed that 11 studies including
1450 patients assessed the association between
MASTL expression and MR risk in ER+ patien-
ts (Figure 2A, left). The univariate Cox analysis
showed that high MASTL expression is associa-
ted with a higher risk of MR (HR: 1.43, 95%CI:
1.28 - 1.60; p<0.001) (Figure 2A, left) and also
associated with a worse MR-free survival (HR:
1.74, 95%CI: 1.40-2.17; p<0.001) (Figure 2A, ri-
ght). NPI adjusted analysis confirmed that high
MASTL expression is significantly associated
with a higher risk of MR in ER+ patients (HR:
1.23, 95%CI: 1.02-1.49; p=0.034) (Figure 2B).
Then, we assessed the association in ER- patien-
ts. 11 studies including 547 patients assessed the
association between MASTL expression and MR
risk in ER- patients (Figure 2C, left). The pooled
results indicate no significant association no mat-
ter in univariate Cox analysis (Figure 2C) or in
NPI adjusted analysis (Figure 2D).

MASTL Univariate Cox Analysis and NPI
Adjusted Analysis of AE by ER Status
Then, we examined the prognostic impact of
MASTL on AE among the patients with different
ER status. 20 studies including 2461 patients as-
sessed the association between MASTL expres-
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Figure 1. MASTL is upregulated in 4T1 bone-aggressive explant compared to primary tumor explant. A. Heat map of the 30
most upregulated genes in 4T1-derived bone-aggressive cell populations compared to the cells from primary tumor explant.
Red: up-regulation. Blue: down-regulation. Image was obtained by re-analysis of the raw microarray data of GDS5666. B.
Exhaustive MASTL univariate Cox analysis of AE and MR in breast cancer patients. 95% CI: 95% confidence interval; AE:
any event; ER (+-,m): oestrogen receptor status (+: positive, -: negative, m: mixed); HR: hazard ratio; MR: metastatic relapse;
N (+-,m): nodal status (+: positive, -: negative, m: mixed); No. events: number of events; No. patients: number of patients. Data

mining was performed in n be-GenExMiner 4.0.

sion and AR risk in ER+ patients (Figure 3A,
left). The univariate Cox analysis showed high
MASTL expression is associated with a higher
risk of AE (HR: 1.27, 95%CI: 1.18-1.37; p<0.001)
(Figure 3A, left) and also associated with a wor-
se AE-free survival (HR: 1.42, 95%CI: 1.23-1.63;
p<0.001) (Figure 3A, right). However, NPI adju-
sted analysis did not confirm the association (HR:
1.09, 95%CIL: 0.95-1.25; p=0.199) (Figure 3B).
Therefore, we further performed subgroup analy-
sis to explore the causes. By NPI adjusted analy-
sis in N+/ER+ and N-/ER+ patients respectively,
we observed the impact of MASTL on AE risk
in the N+ subgroup (HR: 1.34, 95%CI: 1.05-1.72;
p=0.019), but not in the N- subgroup (Figure 3C).
As to the association in ER- patients, 18 studies
including 972 patients assessed the impact of
MASTL expression on MR risk (Figure 3D, left).
The pooled results indicate no significant asso-
ciation in univariate Cox analysis (Figure 3D, ri-
ght). But in NPI adjusted analysis, high MASTL
expression might indicate a higher risk of AE at
the margin of significance (HR: 1.2, 95%CI: 0.99-
1.44; p=0.06) (Figure 3E).

MASTL Univariate Cox Analysis of AE by
SSP Molecular Subtype

Then, we assessed the prognostic value of MA-
STL in breast cancer patients in different mole-
cular subtypes. By using the SSP classification,
we found that high MASTL expression is asso-
ciated with increased risk of AE in Luminal A
(HR: 1.27, 95%CI: 1.07-1.51; p=0.006) and Lu-
minal B breast cancer (HR: 1.23, 95%CI: 1.03-
1.46; p=0.020) (Figure 4A). In addition, MASTL
also predicts poor AE-free survival in Luminal
A (HR: 1.40, 95%CI: 1.08-1.81; p=0.012) (Figure
4E) and in Luminal B breast cancer (HR: 1.38,
95%CI: 1.01-1.90; p=0.045) (Figure 4F). However,
no association was observed in other subtypes, in-
cluding basal-like, HER2+ and normal basal-like
(Figure 4A and B-D).

MASTL Univariate Cox Analysis of AE by
SCM Molecular Subtype

To examine the robustness of the findings based
on SSP molecular subtype, we further performed
MASTL univariate Cox analysis by SCM mole-
cular subtype. Consistent with the SSP molecular
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Figure 2. MASTL univariate Cox analysis and NPI adjusted analysis of MR by ER status. A and C. Forest plots displaying
univariate Cox’s analysis of MASTL expression and the risk of MR (left) and MR-free survival (right) in ER+ (A) and ER- (C)
breast cancer patients. B and D. NPI adjusted analysis of the association between MASTL expression and the risk of MR in
ER+ patients (B) and ER- patients (D). Nm: nodal status mixed. Data mining was performed in bc-GenExMiner 4.0.

Cc

B NPI prognostic index-adjusted analysis of AE (Nm; ER+)

MASTL adjusted on NPI Reference "0- No. AE
patients
GSE1378 52 24
GSE2741 1" 0
GSE4922 136 41
GSE6532 165 50
E_UCON_1 90 43
GSE9893 122 42
GSE9195 30 3
GSE19615 33 1
GSE22219 121 43
GSE16987 12 5
p-value HR 95% Cl No. No. AE
patients
0.1986 1.09 0.95-1.25 872 252
MASTL adjustedon | 0 R 95% Cl pationts No-AE
N+; ER+ 0.0188 1.34 1.05-1.72 227 88
N-; ER+ 0.7493 0.97 0.82-1.15 645 164

E NPI prognostic index-adjusted analysis of AE (Nm; ER-)

A MASTL univariate Cox analysis of AE (Nm; ER+)
MASTL: Forest plot MASTL

high value low value Kaplan-Meier survival estimates for pool
Study code  No. patients No.AE p-value HR better better
Rosetta2002 226 82 00003 157 - _
GSE1378 59 27 01737 134 T 4
GSE1456 112 35 00001 236 —_ H
GSE2741 26 3 08361 112 —— 3
GSE4922 211 76 00844 121 - M
GSE8757 13 36 03630 1.16 —— &
GSE6532 348 117 0.0609 120 i 0
E_UCON_1 93 44 00025 061 - <
GSE9893 135 50 0.0001 166 -- S 04
GSE9195 77 13 00633 163 — £
GSE10510 81 57 0.8908 098 .E
GSE16391 55 55 02475 120 S 0.2 9 T MASTL <=median
GSE22133 219 92 <0.0001 162 - 2 T MASTL> median
GSE19615 70 4 0.4268 071 N By o HR!1.Ai.!5'ﬁCI.1v23-1 83
GSE17907 14 4 07841 132 e———— 00 - Pvalue<0.000t
GSE22219 134 49 05449 1.12 — ! ! T T ! !
GSE20711 41 13 07913 092 — o2 4 6 8 10 12
GSE20685 188 40 07372 106 — -
GsE21653 140 43 0.0857 144 patients at risk: ime (years)
GSE16987 12 5 03894 147 — 1200 1113 s48  Taz ST 341 137

—- 1201 1081 852 617 456 922 124

Pool 2461 845 <0.0001 1.27 [3

It e ]

02 10 50
D MASTL univariate Cox analysis of AE (Nm; ER-)
MASTL: Forest plot MASTL
Studycode No.patients No.AE pvalue R ™9fValue low value Kaplan-Meier survival estimates for pool
better better 10
Rosetta2002 69 40 0.8340 0.97 - _
GSE1456 40 15 03281 127 3
GSE2741 24 10 03158 149 2 0.8
GSE4922 34 12 03213 129 a
GSE8757 57 19 09049 103 —— H <
GSEB532 39 21 09530 101 —— & 06 - — 2,
E_UCON_1 40 20 00700 154 —— w
GSE9893 8 4 03176 244 — 3
GSE10510 51 38 07975 096 —— S 04+
GSE22133 112 58 04639 1.09 - E
GSE19615 45 10 00762 041 ——— 2 — -
GSE17907 24 13 00336 051 ———0 §027 T S median
GSE22210 82 33 02272 149 - & HR = 1.03; 95% CI: 0.84 - 1.28
GSE20711 43 23 01200 068 — 00 | pvae=o79s2
GSE20685 108 33 02685 122 T T T T T
GSE21653 10 40 0.4827 0.89 —-— ) 2 4 6 8 10
GSE16987 35 5 07955 0.89 —_—
GSE33926 51 12 04124 077 — Time (years)
Patients at risk

Pool 972 406 04221 1.04 + — 484 32 277 212 165 123

488

%4 269 202 145 103

MASTL adjusted on NPI Reference patigﬁts No. AE
GSE2741 10 2
GSE4922 20 7
GSEB532 34 17
E_UCON_1 38 19
GSE9893 6 3
GSE19615 31 4
GSE22219 70 29
GSE16987 35 5
p-value HR 95% CI No.  No AE
patients
0.0608 1.2 0.99-1.44 244 86

Figure 3. MASTL univariate Cox analysis and NPI adjusted analysis of AE by ER status. 4 and D. Forest plots displaying
univariate Cox’s analysis of MASTL expression and the risk of AE (left) and AE-free survival (right) in ER+ (A) and ER- (D)
breast cancer patients. B, C and E. NPI adjusted analysis of the association between MASTL expression and the risk of MR in
ER+ patients (B and C) and ER- patients (E). In ER+ patients, subgroup analysis was performed according to nodal status (C).
Nm: nodal status mixed. Data mining was performed in n bc-GenExMiner 4.0.
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Figure 4. MASTL univariate Cox analysis of AE by SSP molecular subtype (Sorlie’s). Univariate Cox’s analysis of MASTL
expression and the risk of AE (4) and AE-free survival (B-F) in breast cancer patients grouped by SSP molecular subtypes (Sorlie’s).
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Figure 5. MASTL univariate Cox analysis of AE by SCM molecular subtype. Univariate Cox’s analysis of MASTL expres-
sion and the risk of AE (4) and AE-free survival (B-E) in breast cancer patients grouped by SCM molecular subtype.

subtype, high MASTL expression is significantly
associated with increased risk in ER+/HER2- low
proliferation group (HR: 1.38, 95%CI: 1.10-1.72,
p=0.005) and in ER+/HER2- high proliferation
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group at the margin of significance (HR: 1.17,
95%CIL: 0.99-1.38, p=0.058) (Figure 5A). The
following Kaplan-Meier Plots showed that high
MASTL expression predicts significantly worse
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AE-free survivals in ER+/HER2- low prolifera-
tion group (HR: 1.43, 95%CI: 1.03-1.99, p=0.033)
(Figure 5D) and in ER+/HER2- high proliferation
group (HR: 1.39, 95%CI: 1.07-1.82, p=0.014) (Fi-
gure S5E), but not in ER-/HER2- or HER2+ group
(Figure 5B-C).

Discussion

MASTL plays an important role in mitotic
progression®. In brief, MASTL phosphoryla-
tes its substratesa-endosulfine (ENSA) and/or
cAMP-regulated phosphoprotein 19 (ARPPI19).
Once phosphorylated, ENSA and ARPP19 inacti-
vate the protein phosphatase 2A complex (PP2A/
BS5). PP2A/BS5 is the principal protein pho-
sphatase complex that dephosphorylates CDK
substrates, including CDK1'%!6, Therefore, the ne-
gative regulative effect of MASTL on PP2A/B55
forms a positive feedback loop that boosts CDK1
activity above the threshold required for mitotic
entry’. These findings suggest that MASTL is a
critical protein modulating cell cycle progression.
For the patients with advance breast cancer, thera-
peutic strategy still largely relies on chemothera-
peutic drugs and radiation, using DNA damaging
agents. Therefore, MASTL upregulation might be
a critical mechanism enhancing the resistance of
the cancer cells to treatment and increasing the
risk of tumor recurrence and patient mortality.

One recent study’ reported that MASTL upre-
gulation in breast cancer patients correlated
strongly with poor patient survival. However, bre-
ast cancer is a clinically heterogeneous disease.
The clinical variables including tumor size, lym-
ph-node status, tumor grade, histological type,
estrogen receptor (ER) and HER2 receptor status,
all influence prognosis and response to systemic
therapies'’. Therefore, it is meaningful to further
investigate the prognostic value of MASTL in dif-
ferent subgroups of breast cancer.

In this study, by reanalysis of the raw data of
GDS5666, we found that MASTL is a signifi-
cantly upregulated gene in 4T1 bone-aggressive
explant compared to primary tumor explant, sug-
gesting its potential involvement in tumor meta-
stasis. Then, by data mining in bc-GenExMiner
4.0 using univariate Cox analysis, we observed
that high MASTL expression is associated with
a higher risk of MR (HR: 1.43, 95%CI: 1.28-
1.60; p<0.001) and a higher risk of AE (HR: 1.27,
95%CI: 1.18-1.37; p<0.001) in ER+ breast cancer.
Moreover, high MASTL expression also predicts

aworse MR-free survival (HR: 1.74, 95%CI: 1.40-
2.17; p<0.001) and a worse AE-free survival (HR:
1.42, 95%CI: 1.23-1.63; p<0.001) in ER+ breast
cancer. However, the associations were not obser-
ved in ER- patients. The following NPI adjusted
analyses also confirmed the results of univariate
Cox analysis.

Then, we further assessed the prognostic value
of MASTL in different SSP molecular subtypes
and different SCM molecular subtypes. Accor-
ding to the SSP classification, we found that high
MASTL expression is associated with an increa-
sed risk of AE in both Luminal A and Luminal B
breast cancer. MASTL also predicts poor AE-free
survival in these two subtypes. On the basis of the
SCM molecular subtypes, high MASTL expres-
sion is significantly associated with increased risk
in ER+/HER2- low proliferation group and in
ER+/HER2- high proliferation group at the mar-
gin of significance. The following Kaplan-Meier
Plots showed that high MASTL expression predi-
cts a significantly worse AE-free survival in both
ER+/HER2- low proliferation group ER+/HER2-
high proliferation group. These results suggest
that high MASTL might be a valuable indicator
of MR risk and AE risk in ER+ patients, but not
in ER- patients.

Conclusions
MASTL might be a valuable indicator of MR

risk and AE risk in ER+ patients, but not in ER-
patients.
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