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Abstract: Snail family zinc finger 2 (SLUG) is related to epithelial-mesenchymal transition (EMT). Quaking (QKI) is an
RNA binding protein and has been indicated to have a relationship with EMT by recent studies. The prognostic value
of SLUG and QKI in breast cancer patients still needs exploration. We conducted Immunohistochemistry (IHC) to
evaluate the protein expression of SLUG and QKI and the prognostic value in 108 breast cancer (BC) patients. The
Bc-GenExMiner database was used to compare the mRNA levels of two genes in different subgroups of BC patients.
Kaplan-Meier plotter were used for survival data of SLUG and QKI gene. We also mined the cBioPortal database for
co-expression analysis of QKI and EMT markers. Our results suggested that patients with higher expression of SLUG
and QKI showed shorter overall survival time. The mRNA level of SLUG and QKI were higher in ER negative, PR nega-
tive, < 51y, and TNBC patients. SLUG mRNA showed no survival significance, while higher QKI mRNA expression
level was correlated with worse clinical outcome in Kaplan-Meier Plotter database. The cBioPortal database showed
that QKI was correlated to SLUG as well as other EMT markers like TWIST2, VIM, and ZEB2. QKI was indicated to be
a potential prognostic marker for BC patients, and combined expression of SLUG and QKI showed the best prognos-
tic value. Co-expression analysis indicated that QKI was likely to have a correlation with SLUG and EMT.
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Introduction tumor. To date, studies have revealed the
involvement of EMT in sophisticated molecular
mechanisms and multiple signal pathways [2].
EMT markers, like TWIST1, TWIST2, ZEB1,
ZEB2, SNAIL, and SLUG, were reported to have

the ability to initiate EMT [3, 4].

The incidence of breast cancer (BC) is quite
high of various malignancies in women [1].
Systemic treatment based on molecular sub-
types and clinical trial results has largely
improved the prognosis of patients around the
world. Researchers and oncologists still work
hard on finding novel prognostic markers to dis-

SLUG (SNAI2), a member of SNAIL zinc-finger
family,functions as a translation factor (TF) [5].

cover more effective therapeutic targets for
patients.

The epithelial-mesenchymal transition (EMT) is
a series of preserved embryonic development
related processes. During EMT, cells experi-
ence dissolution of cell-cell junctions, loss of
polarity and gain the features of mesenchymal
cells to get migratory and invasive properties,
which facilitates the ability of metastasis of

SLUG was reported to induce the mammary
stem cell state [6] and drug resistance [7]. As
one of the key factors in the EMT process, SLUG
had been detected in many malignant tumors,
and high expression of SLUG was certified to be
correlated with poor clinical outcome in malig-
nant neoplasms such as lung cancer [8],
colorectal cancer [9], gastric cancer [10], and
esophageal cancer [11]. The prognostic value
of SLUG in BC patients had been indicated in
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several studies [12], while other studies also
showed an uncertain prognostic value of SLUG
[13].

QKI (quaking), member of the STAR family, con-
tains the KH domain and works as an RNA-
binding protein (RBP) [14]. The major isoforms
of QKI are QKI-5, QKI-6, and QKI-7 [15]. Recent
studies suggested that the loss or overexpres-
sion of QKI was related to the development of
various diseases or disorders, including schizo-
phrenia [16], myelination [17], muscle-differen-
tiation [18] and apoptosis [19], and certainly,
cancer [20]. One study showed that QKI was
confirmed as one of the most important RBPs
through the TGF-B induced EMT of human mam-
mary epithelial cells [21]. Therefore, chances
are that QKI may be related to the EMT process,
as well as SLUG in breast cancer. There are few
studies focusing on the relationship between
QKI expression and clinical prognosis in breast
cancer patients. Thus, research is required for
prognostic value of QKI, and the correlation
between QKland EMT in breast cancer patients.

In this study, we applied immunohistoche-
mistry (IHC) to 108 BC patients’ tumor tissues
to evaluate the protein expression level of SLUG
and QKI. The clinicopathologic features and
survival data of SLUG and QKI expression were
also analyzed. We used breast cancer gene-
expression miner (BC-GenExMiner) database
to assess correlations between SLUG and QKI
MRNA expression level and BC patients’ clinical
parameters. Then, we explored the prognostic
value of SLUG and QKI mRNA expression on the
Kaplan-Meier Plotter database. Last, survival
analysis of genetic alterations of SLUG and QKI
and co-expression analysis of QKI and EMT
markers mRNA expression levels were ana-
lyzed through the cBioPortal online database.

Materials and methods
Patients

Tumor sample sections for IHC were obtained
from 108 patients with primary breast cancer
who were treated at Huashan Hospital affiliat-
ed to Fudan University in 2010-2011. The par-
affin embedded tumor tissue sections were
kindly made by the pathology department of
Huashan Hospital. The patients in this study
received mastectomy or breast conservative
surgery followed by axillary lymph node dissec-

2010

tion. None of the patients had received irradia-
tion or chemotherapy before the surgery. The
mean follow up time was 88.5 months (range
37-95). The study was approved by the ethics
committee of Huashan Hospital, Fudan
University. All patients had signed informed
consent. Related clinical data are presented in
Table 1.

Immunohistochemistry

The specimens were fixed in 10% formalin and
embedded in paraffin wax. The paraffin-embed-
ded cancer tissues were cut at 4 ym and then
dried at 65°C for 2-4 h. Then the sections were
deparaffinized in xylene and rehydrated using
ethanol. Endogenous peroxidase activity was
blocked by 3% hydrogen peroxidase (H,0,) at
37% for 25 min. The sections were treated with
citrate buffer (pH 6.0) for antigen repair. Then
the slides were rinsed in phosphate buffer solu-
tion (PBS) and blocked with serum diluted in
PBS. Then the slides were incubated overnight
at 4°C with primary antibody (SLUG, 1:600;
Abcam, Cambridge; QKI, 1:500; Bethyl). After
washing in PBS three times and incubated with
the secondary antibody (Dako) for 45 min at
37°C. Staining was displayed with the DAKO
DBA solution. Harris hematoxylin was used to
re-stain the nucleus.

Evaluation of SLUG and QKI protein expression
by IHC

Immunohistochemistry was quantified and
evaluated by two pathologists using a weighted
histo-score. Cytoplasmic staining for SLUG and
nuclear staining for QKI were considered posi-
tive. Ten fields of vision under x400 magnifica-
tion was randomly selected to evaluate the
expression status.

The positive cells were graded as follows: O:
0-4%; 1: 5-24%; 2: 25-50%; and 3: 51-100%
positive tumor cells. The staining intensity was
graded as: O: negative; 1: weak; 2 moderate;
and 3: strong. The histoscore of the sections
was encoded from the multiplication of positive
cells percentage score and the staining inten-
sity score. The median of all the histoscores
was 4, after counting the staining of SLUG and
QKI. Based on this, patients could be divided
into two groups: high expression (score of 4-9),
and low expression (score of 0-3).
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Table 1. Clinicopathologic variables and the protein expression levels clinical parameters. Sur-
of SLUG and QKI in BC patients according to immunohistochemistry vival analysis was perfor-
(n=108) med using the Kaplan

- SLUG expression . QKI expression . Meier method and tested
Characteristic n I_o—ngh P value W P value by the log rank method. In

the tests above, P value <

Age (vears) 0.05 was considered sig-

<51 48 25 23 0.281 17 31 0.028 nificant. All tests were
>51 60 25 35 34 26 two-sided.
Tumor size (cm)
<2 72 32 40 0.585 37 35 0.220 Breast cancer gene-ex-
>2 36 18 18 14 22 pression miner v4.1
Lymph node status B c G £
Negative 67 30 37 068 31 36 0.800 reast Cancer Gene-Ex
Positi M 20 21 20 o1 pression Miner v4.1 (BC-
osttive GenExMiner v4.1) is an
ER status online data-analyzing the
Negative 21 7 14 0.184 9 12 0.655 application of breast can-
Positive 87 43 44 42 45 cer, which has consisted
PR status 36 annotated genomic da-
Negative 44 15 29 0.035* 22 22 0.632 tasets and developed three
Positive 64 35 29 29 35 statistical mining functions
HER-2 status® from three basic modules:
Negative 63 23 40 0066 36 27 0006  Expression module, prog-
Positive 38 21 17 1 27 qostlc module, and correla-
L tion module. The 36 datas-
KIBT index ets were from publicl
<14 63 32 31 0.267 24 21 0.282 . P y
available databases (Gene
_>_14 45 18 27 27 36 Expression Omnibus, Array-
Clinical TNM stage Express, Stanford microar-
I~ 90 43 47 0.490 44 46 0.438 ray database, and on the
n~v 18 7 11 7 11 author’s individual web pa-
Histologic grade ges). The latest update of
I~Il 85 4 44 0.437 43 42 0178 BCthe-GenExMiner was on
M 3 9 14 8 15 2017/12/14, with 4823
Histologic type upqlated data of gene anno-
IDC 84 32 52 0001 37 47 0216 tation. The expression mo-
Other o4 18 6 14 10 dule can help wewgrs to
) compare the expression of
E-cadherin ..

) a target gene to clinical
Neg.a.twe 11 8 3 0.064 5 6 0.901 variables of BC patients
Positive 97 42 55 46 o1 like hormonal receptors,

Distant metastasis and nodal status [22]
Negative 99 48 51 0.172 49 50 0.177
Positive 9 2 7 2 7 The Kaplan-Meier Plotter

2By Chi-square test. "There were 7 patients who had no results of HER2 FISH test and

the IHC showed 2+ in history. *Statistically significant. The Kaplan-Meier Plotter

(http://kmplot.com/) is an
online database developed

Statistical analysis to analyze prognostic data, including relapse

free survival (RFS), overall survival (OS), distant
Statistical analysis was performed using SPSS metastasis free survival (DMFS), and post pro-
23.0 (SPSS Inc., Chicago, IL, USA). The chi- gression survival (PPS) of gene mRNA expres-
square test was used to assess the correlation sion levels in several kinds of cancer. So far, the
between SLUG or QKI expression level with database contains 54,675 genes on survival of
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Figure 1. Expression of SLUG and QKI protein in invasive breast cancer (by
IHC). Microscopic image of tissues sections stained for SLUG and QKI in
invasive breast cancer (200x). A, B. High expression. C, D. Low expression.
E, F. Negative. The left column of figures shows expression of SLUG and the

right column shows expression of QKI.

breast cancer [23], ovarian cancer [24], lung
cancer [25], and gastric cancer [26]. 1809 BC
patients were identified from GEO (Affymetrix
microarrays only). The patient samples were
split into two groups according their median
mRNA levels to verify the prognostic value of an
aimed gene. The high and low expression
groups were compared by the hazard ratio (HR),
95% confidence intervals (Cl), log-rank P value,
and the K-M survival plot. The Affymetrix ID is:
213139_at (SLUG) and 212265_at (QKI).

cBioPortal database

The cBioportal database (www.cbioportal.org)
[27] provides various cancer genomics dataset
resources. In breast cancer datasets, the
METABRIC Breast Cancer (METABRIC, Nature
2012 & Nat Commun 2016) dataset [27] was
chosen in this study, which contained genomic
data of 2509 patient samples. OS plot of SLUG

2012

Ry

and QKI gene alteration we-
re derived according to the
cBioPortal’'s online instruc-
tion. The cBioportal was also
used to perform co-expres-
sion analysis of MRNA expres-
sion from of QKI and SLUG,
and other EMT markers in
patient samples from METAB-
RIC dataset.

Results

Expression level of SLUG and
QKI protein in breast cancer
patients

Through immunohistochemis-
try (IHC), we assessed the
expression level of SLUG and
QKIin samples of breast carci-
noma patients from Huashan
Hospital. SLUG was mainly
expressed in the cytoplasm of
tumor cells and was partially
found in the nucleus of tumor
cells, while QKI was mainly
expressed in the nucleus of
tumor cells. In some cases,
QKI was also expressed in the
cytoplasm of tumor cells, and
could be found in tumor stro-
ma in some cases. Of the 108
cases analyzed, 58 had a high
SLUG expression (53.7%) and 57 had a high
QKI expression (52.8%) (Figure 1).

A

Association of SLUG and QKI expression with
pathologic characteristics in BC patients

To explore the relevance between SLUG or QKI
expression level and breast cancer pathologic
parameters, patients were divided into groups
based on the different pathologic characteris-
tics and expression levels of SLUG or QKI evalu-
ated by IHC (Table 1). As shown, high level
SLUG expression was observed to be negative-
ly associated with progesterone receptor (PR)
status (P = 0.035). The expression level of
SLUG had correlation with histologic type of
breast carcinoma (P = 0.001). There was no sig-
nificant association between SLUG expression
and parameters including age, tumor size,
lymph node metastasis, TNM stage, distant
metastasis, ki67 index, histological grade,
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Figure 2. Kaplan-Meier analysis of (A) OS and
(B) DFS of breast cancer patients. High expres-
sion of SLUG predicted worse overall progno-
sis but not disease-free survival. Kaplan-Meier
analysis result of (C) OS and (D) DFS analysis
of breast cancer patients showed that high
expression of QKI protein had worse 0OS and
DFS. (E) Patients with high expression of both
SLUG and QKI protein had worse OS.
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Table 2. The relationship between mRNA expression of SLUG and QKI
and clinicopathologic parameters of breast cancer (from the breast

cancer gene miner v4.1)

0S (P = 0.047), and DFS
(P = 0.024) (Figure 2C,
2D).

Parameters Cases SLUG mRNA P value

Cases QKImRNA Pvalue

Then we combined the

Age expression status of
<51 1392 0.0066" 1411 1 0.00472" SLUG and QKI into two
>51 2209 2128 groups: both SLUG and

Nodal status QKI high expression, and
Negative 2493 0.1090 2322 1 <00001°  Patients with SLUG or
Positive 1561 1670 QKI or both low expres-

sion. Considering that

ER (IHC) SLUG expression level
Negative 1559 <0.0001" 1501 1 < 0.0001" did not show difference
Positive 3987 3970 in DFS, we chose to ana-

PR (IHC) lyze the OS of both SLUG
Negative 946 1 0.0319"° 1076 1 <0.0001" and QKI high expression
Positive 1439 . 1545 group and the other

HER2 (IHC) group. AS shown .|n Figu-

. re 2E, Kaplan-Meier ana-
Negative 1409 - 0.9976 1596 0.7742 lysis suggested that pa-
Positive 201 - 217 tients with both SLUG

TNBC and QKI high expression
Not 4099 0.0001" 417 - < 0.0001* had worse prognosis for
TNBC 374 1 4152 1 0S (P=0.004), and the

“Statistically significant. difference was signifi-

cant.

estrogen receptor (ER) status, HER-2 status,
and E-cadherin expression (P = 0.281, P =
0.585, P = 0.685, P = 0.490, P = 0.172, P =
0.267, P = 0.437, P = 0.184, P = 0.066, P =
0.064, respectively).

BC patients < 51 y showed higher QKI expres-
sion compared to the > 51y group (P = 0.028).
The QKI expression level was observed to be
positively correlated with HER2 status (P =
0.006). However, other clinicopathologic fac-
tors, including tumor size, lymph node metasta-
sis, histological grade, histological type, TNM
stage, distant metastasis, ki67 index, ER sta-
tus, PR status, and E-cadherin expression
showed no significant association with QKI
expression (P = 0.220, P = 0.800, P = 0.178,
P=0.216,P=0.438,P=0.177,P=0.282,P =
0.655, P =0.632, P = 0.901, respectively).

Survival analysis

The Kaplan-Meier survival analysis revealed
that SLUG high expression patients showed a
worse prognosis for overall survival (0S) (P =
0.040), but not disease-free survival (DFS) (P =
0.139), compared to SLUG low expression
patients (Figure 2A, 2B). QKI high expression
BC patients showed worse prognosis for both

2014

The relationship between mRNA levels of
SLUG and QKI and clinicopathological param-
eters of breast cancer patients

The BC-GenExMiner was carried out to com-
pare the mRNA expression level of SLUG and
QKlamong groups of patients based on various
clinicopathologic parameters. ER and PR sta-
tus were found to be negatively correlated with
both SLUG and QKI mRNA expression. The <51
y group was showed to have higher SLUG and
QKI mRNA expression level than the > 51 y
group. There was no significant difference
between HER2(+) and HER2(-) group in SLUG or
QKI mRNA expression. The expression levels of
SLUG and QKI were both remarkably upregu-
lated in TNBC patients. As regards nodal sta-
tus, SLUG mRNA level showed no significant
difference between lymph node positive and
lymph node negative patients. The expression
level of QKI was unexpectedly higher in the
nodal negative breast cancer patients com-
pared to nodal positive ones (Table 2).

The prognostic value of SLUG and QKI mRNA
levels in breast cancer

In addition to the survival analysis from the
clinical cases in this research, the prognostic
value of SLUG and QKI mRNA expression levels

Int J Clin Exp Pathol 2019;12(6):2009-2021
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Figure 3. Higher QKI mRNA expression of showed worse (A) OS, (C) RFS, and (D) PPS from Kaplan-Meier Plotter
dataset. Expression of QKI did not show significant difference in (B) DFS in patients.

was also studied by the online Kaplan-Meier
Plotter database. According to Kaplan-Meier
curve and log-rank test, the expression level of
SLUG mRNA showed no correlation with the
relapse free survival (RFS) (P = 0.3), overall sur-
vival (0S) (P = 0.35), distant metastasis free
survival (DMFS) (P = 0.22), and post-progres-
sion survival (PPS) (P = 0.27) (Supplementary
Table 1). Increased QKI mRNA expression level
was correlated with worse OS (HR = 1.26; 95%
Cl: 1.02-1.56, P = 0.035), RFS (Hazard ratio,
(HR) = 1.14; 95% Cl: 1.02-1.27, P = 0.019), and
PPS (HR = 1.52; 95% Cl: 1.19-1.94, P =
0.00082), but not DMFS (HR = 1.2; 95% CI:
0.99-1.46, P = 0.061), which did not show sta-
tistical significance (Figure 3).

2015

Then the correlation of QKI mMRNA expression
and clinical outcome in BC patients of different
subgroups of ER, PR, HER2, and other factors
were studied further. Unfortunately, higher QKI
MRNA expression level did not show worse 0S
in all kinds of subgroups (Supplementary Table
2). Then RFS was chosen for analysis, for its
more significant difference between high and
low QKI levels and the larger sample of popula-
tion. Higher QKI mRNA expression level was
correlated to worse RFS in lymph node positive
patients (HR = 1.24; 95% Cl: 1.02-1.51, P =
0.03) and HER2-negative breast cancer pa-
tients (HR = 1.32; 95% Cl: 1.02-1.72, P =
0.035) (Table 3).

Int J Clin Exp Pathol 2019;12(6):2009-2021
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Table 3. Correlation of QKI mRNA expression and clinical survival of breast cancer patients with dif-
ferent clinicopathologic factors (from Kaplan-Meier Plotter) (RFS)

No. of QKI

Subgroup analysis High/Low expression

HR (95% CI) P value

Nodal status

Negative 1010/1010

Positive 567/566
Grade

I 173/172

Il 451/450

1 451/452
ER

Negative 401/400

Positive 1030/1031
PR

Negative 274/275

Positive 294/295
HER2

Negative 400/400

Positive 125/127

1.11(0.94-1.32) 0.21
e 1.24 (1.02-1.51) 0.03"

0.85(0.5-1.43) 0.53
0.92(0.72-1.17) 0.5
1.22(0.98-1.52) 0.076

1.15 (0.92-1.44) 0.23
—ta—
1.03 (0.88-1.22)  0.69
e
—_— 1.02 (0.77-1.37)  0.87
0.96 (0.68-1.35) 0.8
1.32 (1.02-1.72) 0.035"
& RS 1.27 (0.82-1.96) 0.28

“Statistically significant.

70%

60%

50%1

40%1

Overall Survival

30%

20%

10%1

® Cases with Alteration(s) in Query Gene(s)
® Cases without Alteration(s) in Query Gene(s)

Logrank Test P-Value: 0.0181

survival plot showed that
breast cancer patients with
QKIl and SLUG gene alterations
had worse overall survival
compared to those without QKI
or SLUG gene alterations
(Figure 4).

In the co-expression analysis,
the mRNA expression levels of
SLUG and QKI in METABRIC
were positively correlated (Fi-
gure 5A, P < 0.05). The co-ex-
pression correlations of other
EMT-related markers were also
analyzed by cBioPortal. The
MRNA expression levels of
VIM, TWIST2, and ZEB2 in

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Months Survival

breast cancer patients were
found to be positively correlat-
ed with the expression of QKI,

Figure 4. Kaplan-Meier overall survival analysis of patients with or without @S shown in Figure 5B-D.

gene alterations of SLUG and QKI.

Survival and co-expression analysis of cBio-
Portal

By analyzing the dataset of Breast Cancer

(METABRIC, Nature 2012 & Nat Commun
2016) using the cBioPortal online database,

2016

Discussion

In our study, IHC expression level of SLUG had
correlation with histologic type (P = 0.0001)
and PR status (P = 0.035), and the QKI expres-
sion level was positively related to HER2 status
(P = 0.006), and negatively related to patients’
age (P = 0.028). The Kaplan-Meier survival

Int J Clin Exp Pathol 2019;12(6):2009-2021
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Figure 5. (A) Correlation of SLUG and QKI mRNA expression from METABIC dataset. Correlation of QKI mRNA expres-
sion and (B) ZEB2 (C) VIM (D) TWIST2 from METABIC dataset.

analysis based on IHC evaluation showed that patients age, and TNBC patients, which were
the overall survival of patients with low SLUG worse outcome suggesting prognostic factors
expression was better than those with higher of BC patients. And parameter subgroups, like
SLUG expression (P = 0.040). The overall sur- SLUG expression in different PR status, QKI
vival and disease-free survival of patients with expression in age subgroups showed similar
low QKI expression were better than patients results between IHC analysis and BC
with high QKI expression (P = 0.047, P =0.024). GenExMiner analysis. Therefore, the result of
Patients with both higher level expression of IHC analysis and BC GenExMiner showed that
SLUG and QKI showed worse prognosis. These patients with higher expression levels of SLUG
results indicated that high protein expression and QKI tended to have a worse clinical
level of QKI may predict a worse outcome of BC prognosis.
patients, while the predictive value of SLUG
overexpression was not as good as QKI. The The data from KM Plotter showed a correlation
limited number of patients in this study should between SLUG or QKI mRNA expression and
also be considered when assessing the prog- patients’ outcome. Different SLUG mRNA
nostic value of these two genes. expression level showed no significant differ-
ence on their prognosis of OS, RFS, DMFS, and
And then the BC GenExMiner database showed PPS. High expression of QKI mRNA level was
that higher expression of SLUG and QKI was related to the worse 0S, RFS, and PPS, but not
related to ER and PR down regulation, lower DMFS.

2017 Int J Clin Exp Pathol 2019;12(6):2009-2021
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Dozens of researchers had verified the onco-
genic function and prognosis value of SLUG.
Some studies demonstrated that SLUG can
promote metastasis of various cancers, and
the mechanisms included promoting EMT by
down regulation of E-cadherin [28], which was
commonly observed in the initiation of the EMT
process [12], activating the expression of
MMP1, which can participate in the breakdown
of extracellular matrix to initiate the metastasis
of tumor [29], and inducing the hormone thera-
py resistance through repressing ER o expres-
sion [30]. Meanwhile, some studies showed
indeterminate results for prognostic value of
SLUG [13, 31]. The survival analysis based on
the IHC score in this study and the KM Plotter
online data did not show strong evidence that
higher expression level of SLUG was a risk fac-
tor for prognosis of breast carcinoma patients.
One meta-analysis about the prognostic value
of SLUG in different kinds of tumor indicated
that the protein expression, rather than mRNA
transcription of SLUG should be considered as
a potential prognosis factor of tumors [32],
which was corresponding to the result of our
study. Besides, the publication bias of SLUG
studies should also be considered when evalu-
ating its prognostic value. Another meta-analy-
sis showed that SLUG expression was signifi-
cantly associated with poor prognosis of
metastatic breast cancer patients [33]. So, the
failure of the IHC SLUG expression level of this
study to predict the DFS of BC patients may
also due to that most of the population were
early-stage BC patients.

The IHC results and KM Plotter survival analy-
sis of patients with different QKI expression lev-
els were compatible. However, it should be
noticed that other probes for QKI showed a
reverse result, which indicated that patients
with higher expression of QKI mRNA had better
prognosis of RFS (Supplementary Table 3).
However, high expression of these QKI probes
did not show better OS, DMFS, and PPS.
Therefore, we chose the probe that showed sig-
nificant difference in OS, RFS, and PPS at the
same time, which suggested a consistent result
with this study. Previous papers studied QKI
showed both oncogenic and tumor suppressing
effect of it. QKI was observed to be down regu-
lated in lung cancer [34], gastric cancer [35],
and prostate cancer [36]. On the other hand,
He et al. reported the upregulation of QKI and
its ability to promote oncogenesis in esopha-
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geal carcinoma [37]. QKI-5 could repress the
expression of FOXO1, a tumor suppress gene in
breast cancer [38]. Hence, the function and
mechanism of QKI in tumorigenesis remain to
be elucidated more deeply.

The METABRIC dataset showed that patients
with both gene alteration of SLUG and QKI had
worse overall survival. Yet, independent SLUG
or QKI gene alteration did not show prognostic
value (Supplementary Figure 1). Our IHC sur-
vival analysis result showed that patients with
both SLUG and QKI high expression had worse
0S, compared to the other group of patients,
which resembled the METABRIC result. These
two results might indicate a possibility that
SLUG and QKI can cooperatively promote the
progression of tumor. More studies are war-
ranted for this assumption in breast cancer.

Moreover, the co-expression analysis of QKI
and SLUG, and QKI and other EMT markers
from METABRIC dataset revealed an interrela-
tionship between QKI and EMT. This result was
in line with Simon et al.’s research which dem-
onstrated that QKI may be the key factor pro-
moting the generation of several circRNAs dur-
ing the process from epithelial to mesenchymal
[21]. Yang et al. also determined that QKI had a
potential role in promoting mesenchymal splic-
ing patterns through motif analysis [39]. One
recently published study found that QKI could
regulate the splicing and function of the FLNB,
which could play a causal role in the regulation
of EMT [40].

In summary, this research explored the poten-
tial prognostic value of SLUG and QKI in breast
carcinoma patients and had several implica-
tions. The IHC evaluation and survival analysis
showed that the elevated expression of QKI
was related to worse clinical outcome in breast
cancer patients. High level of SLUG expression
can only predict worse OS, but not DFS. Then,
overexpression of SLUG and QKI mRNA was
more frequently observed in ER-negative,
PR-negative, and TNBC breast cancer patients.
Third, the data from KM plotter showed that
high QKI, but not SLUG mRNA expression level
could indicate a worse outcome for BC patients.
Lastly, the analysis of METABRIC dataset
showed the positive correlation between QKI
and SLUG, and other EMT markers as well.
Patients with gene alteration of both SLUG and
QKI tended to have worse overall survival.

Int J Clin Exp Pathol 2019;12(6):2009-2021
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Therefore, QKI is expected to be further studied
for its prognostic value and molecular mecha-
nism of occurrence and progression of breast
carcinoma.

Conclusion

Based on IHC and survival analysis in our
experiments, and the survival data from KM
plotter, the prognostic value of SLUG was not
very notable, while QKI showed a better prog-
nostic value in BC patients. The combined
SLUG and QKI expression suggested a worse
prognosis in BC patients. The correlation of QKI
and EMT was verified in a co-expression analy-
sis of METABRIC dataset, indicating a relation-
ship of QKI and EMT, and the possibility that
SLUG and QKI may cooperatively promote
tumorigenesis in breast cancer.
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Supplementary Table 1. Survival analysis of
SLUG in BC patients from K-M Plotter

SNAI2  High/Low P value 95% Cl

RFS 1975/1976 0.3 1.06 (0.95-1.18)
0S 701/701 0.35 0.9 (0.73-1.12)
DMFS  870/876 0.22 1.13 (0.93-1.37)
PPS 206/208 0.27 0.87 (0.69-1.11)

Supplementary Table 2. Correlation of QKI mRNA expression and
clinical survival of breast cancer patients with different clinicopath-
ologic factors (from Kaplan-Meier Plotter) (Overall Survival)

Subgroup analysis Patient number HR (95% CI) P value
Nodal status

Negative 297/297 1.25 (0.86-1.81) 0.25

Positive 157/156 0.92 (0.62-1.36) 0.68
Grade

| 81/80 0.7 (0.27-1.8) 0.46

Il 193/194 0.91 (0.59-1.41) 0.67

I 251/252 1.24 (0.89-1.72) 0.21
ER

Negative 125/126 1.16 (0.74-1.84) 0.51

Positive 274/274 1.29 (0.9-1.85) 0.17
PR

Negative 45/44 0.9 (0.35-2.27) 0.82

Positive 41/42 0.96 (0.26-3.62) 0.96
HER2

Negative 65/65 0.78 (0.33-1.83) 0.56

Positive 64/65 1.45 (0.7-2.99) 0.31

SupplementaryTable 3. Different QKI probes and the corresponding survival analysis result from K-M
Plotter

AFFY ID RFS No. of patients 0s No. of patients DMFS No. of patients PPS No. of patients

p value high/low p value high/low p value high/low p value high/low
212265_at 0.019" 1975/1976  0.035" 700/702 0.061 873/873 0.00082" 207/207
236154 _at 2e-05" 864/900 0.36 305/321 0.94 324/340 0.51 87/86
212263_at 0.77 1972/1979 0.52 701/701 0.87 873/873 0.18 207/207
212636_at 0.11 1973/1978 0.3 700/702 0.17 873/873 0.35 207/207
1555154 _a_at 0.76 467/510 0.9 314/314 0.048" 331/333 0.85 87/86
212262_at 0.19 1973/1978 0.16 701/701 0.32 870/876 0.18 207/207
214541 s_at 0.0036"  1773/2178 0.33 669/733 0.95 825/921 0.81 193/221
214543 _x_at 0.013" 1974/1977 0.53 700/702 0.67 870/876 0.78 207/207
228540_at 5.1e-06" 880/884 0.87 313/313 0.59 328/326 0.17 85/88

“P < 0.05. P value in blue color means higher QKI mRNA expression was related to better prognosis; P value in red color means high QKI mRNA
expression was related to worse prognosis.
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Supplementary Figure 1. Kaplan-Meier overall survival analysis of patients with or without gene alterations of (A)
SLUG or (B) QKI.



