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OBSERVATIONAL STUDY

Association Between Histone Methyltransferase hSETD1A
and Prognosis in Patients With Triple-Negative Breast Cancer
After Surgery

A Retrospective Study in the Chinese Female Population

YanYan Zhu, MD, Kai Bai, MD, JianPing Yu, MD, and MeiYan Guo, MD

Abstract: Breast cancer, the most common cancer in women, is a
serious public health issue. Triple-negative breast cancer (TNBC),
which lacks expression of the estrogen receptor (ER), progesterone
receptor, and human epidermal growth factor receptor 2, accounts for
~15% of breast cancer cases. Treatment of TNBC patients has proven
difficult because of the lack of expression of hormone receptors. We
conducted a retrospective study to investigate the prognostic impact of
histone methyltransferase, hNSETD1A, on overall survival in TNBC cases
after surgery. In total, 159 TNBC cases were enrolled and clinicopatho-
logical characteristics were obtained from medical records. hRSETD1A
status of each subject was determined using immunohistochemistry. The
chi-squared test was used to compare 5-year overall survival rates of all
subjects according to clinical characteristics, and both univariate and
multivariate analyses were conducted to calculate the hazard ratios and
95% confidence intervals. Advanced tumor-node-metastasis stage stage,
larger tumor size, vascular invasion, metastasis in the initial diagnosis, and
hSETDIA expression were correlated with worse outcome. Among all
factors identified, metastasis in the initial diagnosis had the greatest impact
on survival. The results indicated that h\SETD1 A positivity was correlated
with shorter survival among TNBC cases, suggesting it may serve as a
prognostic biomarker for patients with TNBC.

(Medicine 95(21):¢3783)

Abbreviations: ER = estrogen receptor, H3K4 = histone H3 Lysine
4, HER2 = human epidermal growth factor receptor 2, IHC =
immunohistochemistry, MLL = mixed lineage leukemia, PR =
progesterone receptor, TNBC = triple-negative breast cancer.
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INTRODUCTION

reast cancer is the most common cancer in women; there-

fore, it is increasingly recognized as a serious, worldwide
public health concern. Breast cancer is more prevalent in
developed countries. More developed countries account for
~50% of all breast cancer cases and 38% of deaths caused
by breast cancer.' In contrast, the incidence of breast cancer is
relatively low in Africa and Asia when compared with Western
Europe and North America. However, the incidence has been
rising in some low prevalence countries, including China. The
reason behind such a phenomenon has not yet been completely
identified, but may be attributed partly to changing reproductive
patterns, lack of physical exercise, and the prevalence of obesity
among the female population.” Moreover, the availability of
screening, such as mammography, could also contribute to the
elevated incidence due to an increase in detected cases. Breast
cancer-related mortality has been attenuated in developed
countries because of effective treatment and early detection
because of effective screening programs.® Unlike in developed
countries, limited access to effective treatment and delayed
introduction of screening programs has resulted in much higher
breast cancer mortality rates in developing countries.*

The prognosis of breast cancer can be decided by various
factors, for example, stage of breast cancer, which is an
important prognostic factor when compared with others. In
addition, advanced grade and age <40 or >80 years have been
associated with poorer prognosis in daily practice.” With the
application of hormone therapy, it provides a solution for
treating inoperable cases and can also serve as adjuvant therapy
to inhibit cancer growth after surgery.® Although hormone
therapy does have its unique advantages when compared with
other therapies, its effectiveness largely depends on the receptor
status of breast cancer patients. Triple-negative breast cancer
(TNBC), which lacks expression of the estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2), is totally unresponsive to hormone therapy.’
Roughly 15% of breast cancer cases are identified as TNBC.®
Currently, the information on prognosis of TNBC patients is
still conflicted; pooled data, however, revealed that 20-year
survival rates with optimal treatment of TNBC are very close to
those of hormone-positive breast cancer cases.

Histone methyltransferase hRSETD1A is a member of the
trithorax family, which is involved with the methylation of
histone H3 lysine 4 (H3K4), and H3K4 is associated with
transcriptional activation. The alternation of methylation of
H3K4 has been found in several human cancers, and a recent
study revealed that hNSETD1A is capable of regulating metas-
tasis in breast cancer.'” However, previous studies have not
been able to establish a link between hSETD1A and prognosis
in TNBC. Therefore, we conducted a retrospective study to
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investigate the association between hSETDIA and overall
survival in TNBC.

METHODS

Study Participants

The medical records of all female breast cancer cases that
had received surgery at the Department of Surgery, Fuzhou
General Hospital between January 2008 and December 2014
were intensively reviewed. In total, 982 cases with breast cancer
were identified and enrolled in the first stage of our study. Based
on the pathology reports, we further selected 159 TNBC cases
that were reported to lack the expression of ER, PR, and HER2
as assessed using immunohistochemistry (IHC). All enrolled
cases that had received breast-conserving surgery subsequently
received postoperative radiotherapy. Systemic adjuvant che-
motherapy was administered to all the patients, and none of
them were treated with hormonal therapy or HER2-
targeted therapy.

Clinicopathological characteristics of TNBC cases, includ-
ing age, histological grade, menopausal status, tumor-node-
metastasis stage (TNM) stage, vascular invasion, and lymphatic
metastasis, were retrieved from the hospital’s medical record
database. The survival status of cases was obtained via multiple
channels, including medical records, telephone interviews, and
the Index System of Social Security Death. The duration of follow-
up was estimated from the day of surgery to the end point of
follow-up observation (November 2015). The duration of obser-
vation ranged from 150 to 2610 days with a median of 1020 days.

Overall survival refers to the percentage of TNBC cases
that are alive from surgery to the date of observation. The
endpoint event of our study was defined as deceased because of
TNBC or its progression, and alive on the date of observation, or
deceased because of other causes than TNBC, and its compli-
cations were defined as censoring. The Ethics Committee of
Fuzhou General Hospital approved this study, and all pro-
cedures of this study were conducted under the guidance of
the ethical principles contained in the Declaration of Helsinki.

Immunohistochemical Determination of
hSETD1A

IHC was conducted to evaluate the hNSETD1A expression
in tissue samples acquired from 159 TNBC cases. Briefly, tissue
samples were fixed in 10% buffered formalin and embedded in
paraffin for a routine histologic examination. Tissue sections
were cut from a paraffin block of each specimen and applied to
slides for IHC. Slides were stained with hematoxylin and eosin
with additional immunostains for ER, PR, HER2, and
hSETDI1A. Primary antibodies (rabbit monoclonal antibody;
1:100 dilution; ab70378, Abcam, MA) were used to evaluate
hSETDI1A. Staining was performed using goat anti-rabbit bio-
tinylated IgG (Abcam, MA) and incubating in phosphate-buf-
fered saline containing 1% bovine serum albumin for 30 min at
ambient temperature, followed by incubation with the ABC
reagent (Vectorlabs, CA) for an additional 30 minutes. Immu-
nostaining was visualized using 3,30-diaminobenzidine
(Sigma-Aldrich, Darmstadt, Germany).

Two pathologists evaluated all histologic and IHC tumor
slides separately for nuclear grade. HER2 status was evaluated
using IHC, and ER and PR were considered positive if there
were at least 1% positive invasive tumor nuclei in the sample.
HSETDI1A was considered positive if 10% or more of tumor
cells showed positive membrane expression (see Figure 1).
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FIGURE 1. Immunohistochemical analysis of hSETD1A expres-
sion: (A) hSETD1A-positive and (B) hSETD1A-negative.

Quantitative Determination of hSETD1A
Expression Using qRT-PCR

Samples from 30 TNBC cases that were still alive were
subjected to qRT-PCR to compare hSETDI1A expression in
TNBC with corresponding adjacent noncancerous tissues.
Samples were stored at —80 °C prior to RNA extraction. Total
RNA was extracted from tissues according to instructions
included with the High Pure RNA Isolation Kit (Omega,
GA). Single-stranded cDNA was synthesized using a high-
capacity cDNA reverse transcription kit (Omega, GA). Forward
and reverse primer sequences were as follows: 5'-
TGACTGGCTCAACGACACTC-3' and 5'-TGATGGGTAG-
TAGCCACG-3', respectively. The following thermal cycling
conditions were used: 95°C for 10 minutes, followed by 40
cycles of 95 °C for 10 seconds, 60 °C for 30 seconds, and 72 °C
for 10 seconds. Expression levels of mRNA were first normal-
ized to GAPDH mRNA and then expressed as fold of normal
using the 2-AACt method according to Liu et al.'!

Statistical Analysis

The 5-year overall survival rate of all subjects according to
clinical characteristics was calculated using the Kaplan—Meier
method, and the statistical comparison was performed using the
log-rank test. The comparison of age, survival, histological
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grade, menopausal status, TNM stage, tumor size, vascular
invasion, and metastasis between hSETDI1A-positive and
hSETD1A-negative TNBC cases was also conducted using
the chi-squared test. The above-mentioned clinical character-
istics were included in the survival analysis, and the Cox
proportional hazards regression model was used to calculate
hazard ratios (HRs) and 95% confidence intervals (Cls). The
number at risk of all subjects in regular interval was also
demonstrated in results, in detail; it was calculated by reducing
the number of deaths plus individuals censored at the end of
previous period. Factors identified as statistically significant
(P < 0.05) were further subjected to multivariate analysis, and
the forward Wald method was applied to select variables with an
entry probability of 0.05 and 0.10 for removal. A matched T test
was used to compare hSETD1A expression among 30 paired
TNBC tissue and adjacent noncancerous tissue samples deter-
mined using qRT-PCR. All statistical analyses were 2-sided and
were performed using STATA version 12.0 (StataCorp LP,
College Station, TX).

RESULTS

In total, 159 eligible TNBC cases were enrolled in our
study and hSETD1A expression was determined using IHC.
Clinical characteristics of enrolled cases were obtained by
reviewing medical records and survival status was determined
using multiple channels including medical records, telephone
interviews, and the Index System of Social Security Death.
Detailed characteristics of 159 TNBC cases are shown in
Table 2. In total, 76 TNBC cases were deceased during our
observation, and the cause of death (COD) of all deceased
subjects was TNBC; no other COD was identified.

Comparison of 5-year Overall Survival Rates With
Clinicopathologic Characteristics

Based on the results obtained from the log-rank test, we
found that the 5-year overall survival rate was significantly
higher in TNBC cases that were TNM stage I-11, had tumor sizes
smaller than 2cm, had an absence of vascular invasion and
metastasis, and more importantly, that were hSETD1A-negative
(P < 0.05). Therefore, h\SETD1A may be a prognostic factor of
overall survival among TNBC cases. No significant difference
was observed when comparing overall survival with age, histo-
logical grade, or menopausal status (Table 1).

Comparison of Clinicopathologic Characteristics
With hSETD1A Status

Among the 159 TNBC cases we included in our study, 78
of them were identified as hSETD1A-negative, whereas the
remaining 81 subjects were hSETD1A-positive. We further
investigated the distribution of the above-mentioned character-
istics among hSETDI1A-positive and hSETD1A-negative
TNBC cases using the chi-squared test. Among all factors,
we found that the distribution of histological grade, TNM stage,
vascular invasion, and metastasis were significantly different
among the 2 groups with different \NSETD1A expression status
(P <0.05). However, no significant difference was obtained
when comparing the distribution of age, survival, menopausal
status, or tumor size (P > 0.05) (Table 2).

Overall Survival Analysis of TNBC Cases
HRs and 95% confidence intervals of all analyzed factors
are presented in Table 3. We found that TNM stage, tumor
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TABLE 1. The Comparison of 5-Year Overall Survival by
Characteristics Among TNBC Cases

5-Year Overall

Characteristics Survival Rate and 95%CI P Value
Age (y)
<50 18.1 (8.3-27.9) 0.112
>50 28.1 (17.1-39.1)
Histological grade
Gl 35.6 (6.2-65.0) 0.850
G2 27.3 (10.1-44.5)
G3 24.9 (12.6-37.2)
Menopause
No 18.5 (6.5-30.4)
Yes 31.8 (16.3-47.3) 0.093
TNM stage
I-11 39.6 (25.3-53.9)
I-1v 7.4 (0.5-14.3) 0.000"
Tumor size (cm)
<2 cm 44.8 (26.6—63.0) 0.003"
>2 cm 16.2 (5.4-27.0)
Vascular invasion
No 30.4 (16.9-43.9) 0.001"
Yes 14.3 (1.8-26.8)
Metastasis
No 37.1 (23.4-50.8) 0.000"
Yes 0.0 (-13.3-13.3)
hSETDIA expression
Negative 39.6 (25.5-53.7) 0.000"
Positive 3.5 (1.5-5.5)

CI=confidence interval, TNBC =triple-negative breast cancer,
TNM = tumor-node-metastasis stage.
“P <0.05.

size, vascular invasion, metastasis, and hSETDIA status
(see Figure 2) were significantly associated with overall
survival in univariate analysis. The HR for hSETD1A was
4.16 with a 95% CI of 2.53 to 6.85. Based on the results of
univariate analysis, we further conducted a multivariate
analysis among the significant factors to address the potential
confounding effects. After variable selection with an
entry criterion of 0.05 and removal criterion of 0.10,
metastasis and hSETD1A remained in the final equation.
The HRs for metastasis and hSETDI1A positivity were 3.10
(95% CI. 1.67-5.80) and 2.61 (95% CI: 1.50-4.57),
respectively.

Comparison of Quantitated hSETD1A Expression
Among 30 Paired Tissues

We used qRT-PCR to examine the hSETDI1A transcript
level in 30 paired TNBC samples and noncancerous samples.
The expression level of hSETDI1A is significantly upregulated
in the TNBC samples when comparing with the paired normal
tissues. The mean and standard deviation for TNBC tissue and
noncancerous tissue were 2.06 + 0.83 and 0.97 4 0.39, respect-
ively. The mean and standard deviation of paired differences
between the 2 groups were —1.09 and 1.03, respectively. With
the degree of freedom of 29, and T statistics of —5.79, the
P value was 0.000, suggesting that the difference was statisti-
cally significant (Figure 3).
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TABLE 2. The Comparison of Characteristics Between
hSETD1A-Positive and -Negative TNBC Cases

Characteristics hSETDI1A Status Total P Value
Negative Positive

Age (y)

<50 27 34 61

>50 51 47 98 0.340
Survival status

Deceased 40 36 76

Alive 38 45 83 0.388
Histological grade

Gl 3 13 16

G2 32 30 62

G3 43 38 81 0.037"
Menopause

No 35 39 78

Yes 43 42 81 0.679
TNM stage

111 58 42 100

1-1v 20 39 59 0.003*
Tumor size (cm)

<2 cm 30 31 61

>2 cm 48 50 98 0.980
Vascular invasion

No 59 42 101

Yes 19 39 58 0.002"
Metastasis

No 55 36 91

Yes 23 45 68 0.001"

TNBC = triple-negative breast cancer, TNM = tumor-node-metastasis
stage.

P <0.05.

DISCUSSION

We have performed a retrospective study on 159 TNBC
cases after surgery with a median observation of 1020 days, and
the association between certain clinical characteristics and
TNBC overall survival was investigated. Moreover, we have
performed IHC to determine the hNSETD1A status of all enrolled
cases and the impact of hRSETD1A expression on the prognosis
of TNBC.

We first sought to compare 5-year overall survival rates
between different clinical characteristics. The TNM stage is a
type of classification that involves local tumor growth, regional
lymph node, and distant metastasis, and is widely applied in
clinical practice to evaluate the progress of cancer globally.
Generally speaking, overall survival of breast cancer is inver-
sely associated with TNM stage, and a prospective study that
enrolled 441 Korean breast cancer patients revealed that the
advanced TNM stage was not only associated with poorer
outcomes but also increased the probability of recurrence within
2 years after surgery.'? Consistent with these previous findings,
we found that overall survival rates were significantly reduced
among TNBC cases with TNM stage III-1V using the log-rank
test. Additionally, the Kaplan—Meier method revealed that
TNM stage III-1V was associated with shorter overall survival
with an HR of 2.97 (95% CI: 1.86—4.76). The 5-year overall
survival rate was also significantly lower between TNBC cases
with tumor sizes >2cm (16.2% vs. 44.8%) compared with
tumor sizes <2cm.
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A strong and quantitative correlation between tumor size
and breast cancer survival has been reported in the literature.
The equation deduced from 2223 breast cancer cases suggested
that each millimeter of tumor diameter was associated with an
additional ~1% chance of mortality."> In addition, a cohort
study with a large sample size further confirmed the impact of
tumor size among breast cancer patients, and the impact of
tumor size on survival was stronger among the lymph node
positive cases when compared with the negative cases.'* Uni-
variate analysis also suggested that a tumor size >2cm was
associated with worse outcomes with an HR of 2.20 (95% CI:
1.29-3.74). Comparison of the findings with those of other
studies confirmed that tumor size was an independent prog-
nostic factor in TNBC cases.

In this study, vascular invasion and metastasis were found
to cause shorter survival among TNBC cases, with the most
striking finding being that the 5-year overall survival rate
reached 0% in TNBC cases in which metastasis was present
in the first diagnosis. By definition, vascular invasion refers to
tumor emboli present within a definite endothelial-lined space
in the breast surrounding the invasive carcinoma,'> and vascular
invasion has been recognized as a crucial step in the compli-
cated process of metastasis as well as an important indicator in
the decision-making process.

Currently, existing research has acknowledged the critical
importance of its impact on survival among lymph node-nega-
tive breast cancer patients, with a mortality rate of 53% in
patients with vascular invasion and 29% in those without it.'®
Despite this, the role of vascular invasion in lymph node-
positive breast cancer is still controversial. Our findings were
consistent with a follow-up study conducted in 967 lymph node-
positive breast cancer patients, which indicated that vascular
invasion was also associated with poorer survival.'”

Owing to limitation of sample size and concern regarding
statistical power, we were not able to further divide our cases
according to lymph node status; however, the results did support
the prognostic value of vascular invasion in TNBC, both in
overall survival rate comparisons and Kaplan—Meier analysis.
As stated previously, metastasis in the first diagnosis has a great
impact on overall survival in TNBC cases; for those without
metastasis, the 5-year survival rate was 37.1%, but 0% in the
presence of metastasis.

For many years, metastasis has been directly associated
with poorer survival in breast cancer cases, and significant
differences between types of metastasis has also been identified.
Generally speaking, patients with liver, lung, or brain metas-
tases have a poorer outcome when compared with patients with
local metastases, such as the breast, chest wall, or armpit.
Moreover, the survival of cases with bone metastasis has been
classified as an intermediate prognosis. A cohort study per-
formed among the Danish population showed that the 5-year
survival rate for patients with bone metastasis was 9.5% (95%
CI: 6.9-12.6).'® Although we have not calculated the survival
rate by the type of metastasis because of insufficient data, strong
evidence of worse outcome caused by metastasis has been
observed both in the comparison of survival rates and univariate
analysis. Furthermore, metastasis has also been included in the
final equation calculated using multivariate analysis with an HR
of 3.10 (95% CI: 1.67-5.80). Based on the evidence obtained,
we can conclude that metastasis in the initial diagnosis is the
major risk factor related to poorer survival in TNBC cases.

The main purpose of this study was to assess the impact of
hSETD1A on overall survival among TNBC cases after surgery,
and based on the results of IHC and statistical analysis, we
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TABLE 3. The Overall Survival Analysis on the TNBC Cases After Surgery

Univariate Analysis

Multivariate Analysis

Variable HR 95% C1 P HR 95% C1 P
Age, year
<50 1.00 (Ref.) - -
>50 0.640 0.36-1.12 0.120
Histological grade
Gl 1.00 (Ref.) - -
G2-G3 135 0.42-4.32 0.617
Menopause
No 1.00 (Ref.) - -
Yes 0.68 0.44-1.08 0.101
TNM stage
1-11 1.00 (Ref.) - -
-1V 2.97 1.86-4.76" 0.000
Tumor size (cm)
<2 cm 1.00 (Ref.) - - -
>2 cm 2.20 1.29-3.74" 0.004
Vascular invasion
No 1.00 (Ref.) - - -
Yes 2.07 1.30-3.29" 0.002
Metastasis
No 1.00 (Ref.) 1.00 (Ref.)
Yes 4.02 2.40-6.71" 0.000 3.10 1.67-5.80" 0.000
hSETDIA status
Negative 1.00 (Ref.) 1.00 (Ref))
Positive 4.16 2.53-6.85" 0.000 2.61 1.50-4.57" 0.001

CI = confidence interval, HR = hazard ratio, TNBC = triple-negative breast cancer, TNM = tumor-node-metastasis stage.

“P<0.05.

found a positive correlation between them. The 5-year overall
survival rate among hSETD1A-negative cases was 39.6%,
which dropped to 3.5% among cases that were hSETD1A-
positive. We further investigated the association between
hSETDI1A expression and prognosis in TNBC using univariate
and multivariate analyses, and the results confirmed the positive
association. The HR of hRSETD1A in univariate and multivariate

Kaplan-Meier survival estimates

(=)
Q -
w0
~ 4
©
=)
I.(‘J. -
o
'e]
4
<}
o
Q <
e 5 T T T T
0 20 40 60 80
analysis time
Number at risk
hsetd1a = Low 78 77 53 17 3
hsetd1a = High 81 48 13 3 0

FIGURE 2. Kaplan—Meier analysis of overall survival in 159 TNBC
cases in relation to the hSETD1A status. TNBC = triple-negative
breast cancer.

hsetd1a = High |

hsetd1a = Low
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analyses were 4.16 (95% CI: 2.53-6.85) and 2.61 (95% CI:
1.50—4.57), respectively.

In recent years, epigenetics has become a hot topic in
cancer development, and a great deal has been published in the
scientific literature. Histone modification has been accepted as
one of the key epigenetic regulatory mechanisms that plays a
vital role in various biological processes. The methylation of

e —

‘_ TNBC_tissue = Normal_tissue ‘

FIGURE 3. The quantitated hSETDTA expression between 30
paired TNBC and noncancerous samples. TNBC = triple-negative
breast cancer.
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H3K4 was found to be completed by a Histone-lysine
N-methyltransferase 2 (KMT2) family of proteins, as well as
hSETD1A." The most interesting part of this process was that
ablation of hETDIA, but not other genes in the KMT2 family,
had a dramatic impact on global H3K4me3 enrichment and
gene expression.?’ Previous animal experiments demonstrated
that knockout of the MLL1 SET domain would result in phe-
notypic defects among rats, revealing the great importance of
H3K4 methylation in regulating genetics and phenotypes.?' >*
Moreover, elevation in H3K4me3 levels was observed during
epithelial-mesenchymal transition, which is a process charac-
terized by the loss of cell adhesion and increased cell mobility.>>
Therefore, it is reasonable to assume that hSETD 1A was involved
in breast cancer development by promoting the epithelial—
mesenchymal transition process.

In a study investigating the function of hASETD1A in color-
ectal cancer cells, researchers found that expression levels of
hSETD1A were positively correlated with H3K4me3 enrichment
at the promoters of Wnt/f3-catenin target genes and the aberrant
activation of these genes in human colorectal cancer.*® So far,
little is known about the involvement of hSETD1A in carcino-
genesis, and the previous cellular study suggested that it may
work via the Wnt signaling pathway. As for breast cancer cell
lines, hRSETD1A expression appears to be positively associated
with metastasis, and ablation of hSETD1A would suppress the
migration and invasion in vitro and decrease metastasis in vivo.'°
Furthermore, the comparison between hSETD1A quantitated
expression among 30 paired TNBC and adjacent noncancerous
tissues revealed that even in individual TNBC cases, expression
of h\SETD1A was significantly elevated in cancer tissues.

Owing to ethical concern and study design, we did not
collect samples from all 159 TNBC cases and only 30 survival
cases were included in the qRT-PCR. However, the significant
difference obtained with the matched T test was sufficient to
demonstrate the important role of hSETDIA in TNBC devel-
opment and prognosis. Thus far, there is no population-based
study regarding the association between hSETD1A status and
prognosis in TNBC that has been reported, and the prognostic
value of hSETD1A in TNBC has not been carefully assessed.
Our study involved 159 TNBC cases and provided quantitative
effects of hSETDI1A on overall survival.

In summary, we conducted a retrospective study to identify
prognostic factors in TNBC and to evaluate the impact of
hSETD1A expression. According to our analysis, advanced
TNM stage, larger tumor size, vascular invasion, metastasis in
the initial diagnosis, and hSETDI1A positivity were correlated
with worse outcome. Ithas been generally realized that TNBC has
its unique recurrence and developmental pattern and requires
systemic therapy when compared with hormone-positive breast
cancer. The results of our analysis revealed that hSETD1A
expression may lead to shorter survival in TNBC cases, but
because of limitation of sample size, further investigation with
larger cohorts and longer observation times is still needed.
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