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Purpose: The long non-coding RNA H19, a conservatively im-
printed gene, acts as a molecular sponge for the let-7 family,
which has been identified as a set of tumor suppressors. How-
ever, the combined prognostic value of H79 and let-7a signature
in breast cancer patients remains unclear. Methods: In this re-
search we assessed the prognostic value of the combined H79
and let-7a signature in breast cancer patients by retrospectively
reviewing that data of 79 patients who underwent neoadjuvant
chemotherapy; we also investigated the expression and function
of H19 in breast cancer cell lines in vitro. Survival data were cal-
culated using the Kaplan-Meier method and compared using the
log-rank test. Univariate and multivariate survival analyses were
conducted using the Cox proportional hazards regression meth-
od. As determined using X-tile, the optimal cutoff value for the

risk score to assess progression-free survival (PFS) based on the
combined signature was -0.1. Results: Patients with an overall
positive treatment response had higher let-7a and lower H19
levels. In addition, let-7a expression was negatively correlated
with H19 expression. Patients with a risk score of >-0.1 had
shorter overall survival and PFS. In vitro data showed that che-
moresistant cell lines exhibit higher H79 and lower let-7a levels
and knockdown H19 restores paclitaxel sensitivity. Conclusion:
Our results suggest that the combined let-7a and H19 signature
is a novel prognostic factor for breast cancer patients treated
with neoadjuvant chemotherapy.

Key Words: Breast neoplasms, H19 long non-coding RNA, Hsa-let-7a-1
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INTRODUCTION

Globally, breast cancer is one of the most frequently diag-
nosed cancers, and it is responsible for most cancer-related
deaths in women [1]. Many patients initially present with dis-
ease at late stages because they do not have any obvious symp-
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toms. Neoadjuvant chemotherapy is indicated for women
with either locally advanced or inoperable breast cancer. This
approach aims to provide more surgical choices, improve pa-
tient survival outcomes, and provide information regarding
tumor response [2]. Many chemotherapy regimens have been
adopted in the preoperative setting, but not all patients benefit
from these treatments. Thus, it is necessary to estimate the
risk of relapse or death and the benefits of systemic treatment,
which could identify patients who would benefit from che-
motherapy, thereby reducing treatment costs.

Both microRNAs (miRNAs) and long non-coding RNAs
(IncRNAs) regulate various physiological and pathological
processes such as cell proliferation, differentiation, apoptosis,
and drug sensitivity [3]. Several miRNAs and IncRNAs, in-
cluding let-7a and HI9, provide prognostic information for
many cancers [4,5]. LncRNA H19 is highly expressed in most
human cancers, including breast cancer, colorectal cancer,
and hepatocellular carcinoma. In addition, high expression of
HI9 attenuates cell apoptosis in response to chemotherapy.
Vennin et al. [6] reported that H19 noncoding RNA-derived
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miRNA-675 could downregulate proto-oncogene proteins and
casitas b-lineage lymphoma b, which may strengthen the tu-
morigenesis and metastasis of breast cancer cells. Moreover,
in estrogen receptor a-positive breast cancer, H19 confers
chemoresistance by silencing the pro-apoptotic gene BCL2
interacting killer [7]. Furthermore, Peng et al. [8] found that
HI9 could sponge let-7 by acting as a competing endogenous
RNA and upregulate the expression of the core pluripotency
factor LIN28, a let-7 target. Additionally, H19, let-7, and tran-
scriptional factor LIN28 form a double-negative feedback
loop which is of great importance in the maintenance of
breast cancer stem cells [8]. Recently, Kallen et al. [9] also re-
ported that HI9 acts IncRNAs act as a molecular sponge for
the let-7 family of miRNAs. Our previous study using clinical
samples and in vitro cell lines demonstrated that in breast can-
cer tumor tissues, low expression of let-7a is related to epiru-
bicin resistance [10]. Considering these findings, we hypothe-
sized that the combination of let-7 and H19 has a prognostic
value in predicting chemotherapy response and disease out-
comes in breast cancer.

Thus, we conducted a retrospective cohort study to exam-
ine the prognostic value of the combined HI19 and let-7a sig-
nature in predicting the chemotherapy response and progno-
sis of breast cancer patients who received epirubicin-based
neoadjuvant chemotherapy. Additionally, we investigated the
expression levels and the functions of H19 in breast cancer cell
lines in vitro.

METHODS

Patients selection and evaluation

We performed quantitative real-time polymerase chain re-
action (QRT-PCR) on tissues from 79 breast cancer patients’
snap-frozen core needle biopsies taken before any treatment
at the Breast Tumor Center, Sun Yat-sen Memorial Hospital,
Sun Yat-sen University between January 2013 and December
2014. Each case was pathologically confirmed as invasive duc-
tal breast cancer, and epirubicin plus cyclophosphamide every
3 weeks for four cycles (EC) or EC followed by weekly pacli-
taxel for 12 weeks was administered, and trastuzumab was
combined with chemotherapy for her-2 positive cases based
on the National Comprehensive Cancer Network (NCCN)
guide-lines. This study was approved by the Ethics Committee
of Sun Yat-sen Memorial Hospital (2016-SYS-KY-LB-118).
All participants provided written informed consent. Each pro-
cedure of this study was in accordance with the ethical stan-
dards set by the institutional research committee and the 1964
Helsinki Declaration and its amendments. All patients under-
went breast surgery 1 month after the last neoadjuvant che-
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motherapy. We evaluated the clinical chemotherapeutic re-
sponse by measuring the tumor size before and after treat-
ment based on the Response Evaluation Criteria in Solid Tu-
mors (version 1.1). Responses were categorized as follows: (a)
complete response (CR), the disappearance of all known dis-
eases; (b) partial response (PR), tumor size decreased by more
than 30.0%; (c) stable disease (SD), tumor size increased by
less than 20.0% or decreased by less than 30.0%; and (d) pro-
gressive disease (PD), new lesions appeared or tumor size in-
creased by more than 20.0%. In this study, we defined CR and
PR as responders and SD and PD as nonresponders. The sub-
sequent treatment after surgery was conducted according to
the NCCN guidelines.

RNA isolation and qRT-PCR assay

We used TRIzol (Invitrogen, Carlsbad, USA) and the
RNeasy mini kit (Qiagen, Valencia, USA) to extract the total
RNA from snap-frozen core needle biopsies of breast cancer
patients according to the manufacturer’s instructions. The
expression levels of let-7a and HI9 were detected using qRT-
PCR using TagMan Universal PCR master mix (Applied
Biosystems Inc., Foster City, USA) according to the manufac-
turers’ instructions. We used the TagMan Reverse Transcrip-
tion Kit (Applied Biosystems Inc.) to reverse transcribe each
sample into a total of 1 ug of RNA. Each PCR amplification
was performed in a final volume of 10 pL using the CFX384
Real-Time PCR Detection System (Bio-Rad, Hercules, USA).
Amplifications were initiated via denaturation for 10 minutes
at 95°C followed by 40 cycles at 95°C for 15 seconds and 60°C
for 60 seconds. Each reaction was performed in triplicate. U6
RNA and glyceraldehyde-3-phosphate dehydrogenase RNA
was used as respective internal controls to normalize the ex-
pression levels of miRNA and IncRNA. The data were ana-
lyzed by using the comparative cycle threshold method, and
the fold difference in expression was normalized against the
sample with the lowest expression level.

Cell culture and treatment

We obtained the MDA-MB-231 cell line from the American
Type Culture Collection and cultured the cells in RPMI-1640
medium supplemented with 10.0% fetal bovine serum (FBS).
A paclitaxel-resistant MDA-MB-231 cell line (MDA-MB-
231p) was maintained in RPMI-1640 medium without phe-
nol red (Life Technologies, Carlsbad, USA) supplemented
with 5.0% charcoal-stripped FBS (HyClone, Logan, USA) and
50 nM paclitaxel. Cell transfection with miRNA mimics
(GenePharma, Shanghai, China) was performed by using
Lipofectamine (Invitrogen) as previously described [10].
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Cell viability and apoptosis

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to measure cell viability. In
brief, the cells were plated in triplicate at a density of 15,000
cells per well in a 96-well plate and incubated for 24 hours at
37°C, after which various concentrations of paclitaxel were
added and the plates were incubated for a further 48 hours.
Cell viability was assayed by adding 0.1 mg/mL MTT solu-
tion, incubating the plates for 3 hours, and measuring the ab-
sorbance at 490 nm using a 96-well plate reader. Flow cyto-
metry was used to measure cell apoptosis. In brief, the cells
were treated with paclitaxel for 24 hours, collected, and then
washed twice. A total of 1 x 10 cells were diluted with 500 uL
of 1 x assay buffer, followed by the addition of 5 pL. Annexin
V-fluorescein isothiocyanate (FITC) and 10 pL propidium io-
dide (PI). After a 5-minute incubation period, we immediate-
ly analyzed the samples on a Beckman Coulter EPICS-XL
MCL flow cytometer (Beckman Coulter Inc., Brea, USA). The
fluorescence of FITC and PI was detected using 530 nM and
585 nM bandpass filters, respectively. Approximately 10,000
cells were collected for each sample. All these tests were per-
formed in triplicate.

Statistical analysis

We defined overall survival (OS) as the time from initial di-
agnosis to the time of death related to any cause or to the time
of the most recent follow-up. We defined progression-free
survival (PES) as the time from initial diagnosis to the time of
the first sign of disease progression or death from any cause.
Our final follow-up was on December 31, 2016. We assessed
the relationship between the clinical characteristics and either
miRNA or IncRNA expression using Student t-test, chi-square
test, or Fisher exact test, as appropriate. To further assess let-7a
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and H19, a risk score formula was developed based on a linear
combination of the let-7a and HI9 expression levels weighted
by the regression coeflicient derived from the univariate Cox
regression analysis. In addition, a bioinformatics tool, X-tile
[11], was used to determine the cutoff value for let-7a, H19,
and the risk score. We used the Kaplan-Meier method and
log-rank test to estimate OS and PFS, and we calculated haz-
ard ratios (HRs) by using an adjusted multivariate Cox regres-
sion analysis. To identify whether the expression of let-7a and
H19 was associated with OS and PFS, we conducted univari-
ate Cox regression analysis and identified significant differ-
ences (p <0.05) in let-7a and H19 expressions. We constructed
a signature that contains these two indices using the risk score
method and analyzed its significance as an indicator of sur-
vival outcomes. Later, we conducted multivariate Cox regres-
sion analysis by using a forward stepwise approach to test
whether let-7a, H19, or their combined signature was an inde-
pendent prognostic factor for OS and PFS. H19 expression,
let-7a expression, and treatment response were considered as
covariates. Receiver operating characteristic (ROC) curves
were applied to compare the specificity and sensitivity of let-
7a, H19, and the combined signature for the prediction of
survival. All statistical analyses were conducted by using SPSS
version 20.0 (IBM, Armonk, USA) with two-tailed tests, and
significance was defined as a p-value of <0.05.

RESULTS

Neoadjuvant chemotherapeutic resistance and levels of
let-7aand H19

To study the relationship between the expression levels of
let-7a and H19 and the chemotherapy response, we detected
the expression levels of RNA via qRT-PCR using fresh frozen
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Figure 1. H79 and fet-7a expression levels in 79 primary breast cancer patients as measured using quantitative real-time polymerase chain reaction.
(A) Let-7a is expressed at higher levels in patients with a complete response (CR)/partial response (PR) than in patients with stable disease (SD)/pro-
gressive disease (PD). (B) H19 is expressed at higher levels in patients with SD/PD than in patients with CR/PR. (C) The expression of let-7a is nega-
tively associated with that of H79 (r=-0.566, p<0.001). The fold difference in expression was normalized against the sample with the lowest expres-
sion levels.

GAPDH = glyceraldehyde-3-phosphate dehydrogenase; U6 =U6 small nuclear RNA. “0<0.001.
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breast cancer tissues from 79 patients who received epirubi-
cin-based neoadjuvant chemotherapy. Among the 79 patients,
CR and PR were achieved by seven and 40 patients, respec-
tively, while SD and PD were achieved by 29 and three pa-
tients, respectively. In the responders, the average relative ex-
pression levels of let-7a and H19 were 11.30 (range, 1.74-16.88)
and 6.34 (range, 1.20-13.45), respectively, while in the nonre-
sponders, they were 4.49 (range, 0.66-14.54) and 12.42 (range,
1.24-18.00), respectively. Consistent with our previous study,
we observed that lower let-7a levels were associated with an
inferior treatment response (p <0.001). We also identified that
the nonresponders had higher HI9 expression levels (p <
0.001) (Figure 1A and 1B). In addition, Pearson r correlation
analyses indicated that let-7a expression was negatively associ-
ated with HI9 expression (r=-0.566, p <0.001) (Figure 1C).

H19is associated with drug-resistance in breast cancer cells
Our previous study reported the restoration of chemosensi-

tivity after inducing let-7a expression [10]. Thus, in this study,

we primarily focused on the function of HI9. We compared
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the H19 expression levels in MDA-MB-231 and MDA-MB-
231p cell lines using qRT-PCR. We observed that MDA-
MB-231 cells rarely expressed H19, while the mean expression
level of HI9 in the paclitaxel-resistant cells was 13.04-fold
higher than in the non-resistant MDA-MB-231 cell line (p=
0.002) (Figure 2A).

To determine whether changes in H19 expression impact
the drug response, we knocked down H19 using small inter-
fering RNA (siRNA) and measured drug sensitivity using the
MTT assay. The half maximal inhibitory concentration (ICso)
values of paclitaxel in the MDA-MB-231 cell line and the pa-
clitaxel-resistant cell line were 53.83+4.16 nM and 372.20+
59.81 nM, respectively. After knockdown of HI9 in MDA-
MB-231p cells with siRNA-1 or siRNA-2, the ICs, values were
74.44+8.40 nM (p=0.008) and 65.45+6.44 nM (p=0.007),
respectively. These data suggest that siRNA-mediated knock-
down of H19 in both drug-resistant cell lines restored sensitiv-
ity to paclitaxel (Figure 2B).

Next, we explored whether the observed drug resistance
was associated with impaired apoptosis. Based on the exter-
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Figure 2. Drug-resistant breast cancer cell lines (MDA-MB-231 paclitaxel-resistant cell line [MDA-MB-231p]) express high levels of H79, and knock-
down of H79 expression (as measured using quantitative real-time polymerase chain reaction [gRT-PCR]) restores the chemosensitivity of these cells.
(A) Based on the qRT-PCR results, the average expression level of H19 in the paclitaxel cell line was 13.04-fold (p=0.002) higher than the average
H19 expression level in the control MDA-MB-231 cell line. (B) Based on the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-tetrazolium bromide (MTT) as-
say, the half maximal inhibitory concentration (ICso) values of paclitaxel in MDA-MB-231 cells and paclitaxel-resistant cells were 53.83+4.16 nM and
372.20+59.81 nM, respectively. After knockdown of H79 in MDA-MB-231p cells, the ICso values were 74.44 £8.40 nM (p=0.008) and 65.45+6.44
nM (p=0.007), respectively. (C) Flow cytometry of cells stained with Annexin V-fluorescein isothiocyanate was used to investigate drug-induced apop-
tosis. After 24 hours of paclitaxel treatment, the apoptosis rate of MDA-MB-231p cells was only 3.5% +0.9%; however, the two sets of small interfer-
ing RNA (siRNA)-transfected cells exhibited apoptosis rates of 13.8%+1.5% (p=0.004) and 18.2% + 1.6% (p=0.001).

GAPDH = glyceraldehyde-3-phosphate dehydrogenase; NC=negative control; Pl=propidium iodide. *p<0.01; 1p<0.01 vs. MDA-MB-231p and NC;
#p<0.01 vs. mock and SIRNA-NC.
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nalization of phosphatidylserine as a known hallmark of
apoptosis, we conducted flow cytometric analyses of cells
treated with Annexin V-FITC to detect the levels of drug-in-
duced apoptosis in these cell lines. After 24 hours of paclitaxel
treatment, the apoptosis rate of MDA-MB-231p cells was only
3.5% % 0.9%. However, the two siRNA-transfected cell lines
exhibited apoptosis rates of 13.8%+1.5% (p=0.004) and
18.2%+1.6% (p=0.001). Therefore, these results may indicate
that H19 regulates drug resistance by impairing apoptosis
(Figure 2C).

H19 and let-7a have prognostic value in breast cancer patients
treated with neoadjuvant chemotherapy
To investigate the long-term prognostic value of let-7a and
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H19, we analyzed the patients’ follow-up data and found that
let-7a and H19 levels were associated with OS and PFS. Thus,
we derived a formula to calculate the risk score for each pa-
tient based on the expression levels of let-7a and H19 weighted
by regression coefficients as follows:

Risk score = (-0.126 x expression level of let-7a)+

(0.115 x expression level of H19)

Using the biostatistical tool X-tile, we set -0.1 as the optimal
cutoff level for the risk score to assess survival. Thus, the co-
hort was divided into high-risk (>-0.1, n=32) and low-risk
(£-0.1, n=47) groups according to the risk score. These two
groups’ clinicopathological characteristics are listed in Table 1.
The clinical characteristics, including age, estrogen receptor,
progesterone receptor, human epidermal growth factor recep-

Table 1. Demographic and baseline characteristics of 79 primary breast cancer patients

Low risk group (<-0.1)

High risk group (>-0.1)

Characteristic No. (%) No. (%) No. (%) p-value
Age (yn)* 49 (24-73) 46 (24-70) 50.5 (31-73) 0.978
Estrogen receptor 0.108
Positive 56 (70.9) 34 (72.3) 22 (68.7
Negative 23(29.1) 13 (27.7) 10(31.3
Progesterone receptor 0.819
Positive 46 (58.2) 31(66.0) 15 (46.9
Negative 33(41.8) 16 (34.0) 17 (63.1)
HER2 0.118
Positive 21(26.6) 9(19.1) 12 (37.5)
Negative 58 (73.4) 38 (80.9) 20 (62.5)
Ki-67 (%)" 47.67+£22.35 46.17+£21.19 49.88+24.14 0.088
miRNA fet-7 (ACY* 9.68 (1.00-17.00) 11.53 (1.74-16.88) 4.68 (0.66-14.54) <0.001
IncRNA H19 (ACH)* 7.92 (1.20-18.00) 6.30 (1.20-8.32) 12.70 (8.41-18.00) <0.001
T stage 0.129
T 3(3.8) 1(2.1) 2(6.2
T2 47 (59.5) 31(66.0) 16 (50.0)
T3 21(26.6) 13 (27.7) 8(25.0)
T4 8(10.1) 2.3 6(18.8)
N stage 0.142
NO 21(26.6) 14(29.8) 7(21.9
N1 45 (57.0) 29 (61.7) 16 (50.0)
N2 9(11.4) 3(6.4) 6(18.8)
N3 4(6.1) 1(2.1) 3(9.4)
Stage 0.086
| 1(1.3 1(2.1)
I 47 (59.5) 32 (68.1) 15 (46.9)
Il 23(29.1) 12 (25.5) 11 (34.4)
v 8(10.1) 24.3 6(18.8)
Chemotherapy regimen 0.710
EC 6(7.6) 4(8.5) 2(6.2)
EC-P 73(92.4) 43(91.5) 30(93.8)
Treatment response <0.001
CR+PR 47 (59.5) 42 (89.4) 5(15.6)
PD+SD 32 (40.5) 5(10.6) 27 (84.4)

HER2 =human epidermal growth factor receptor 2; miRNA=microRNA; IncRNA=long non-coding RNA; ACt=comparative cycle threshold; EC =epirubicin and
cyclophosphamide; EC-P =epirubicin, cyclophosphamide followed by paclitaxel; CR=complete response; PR=partial response; PD=progressive disease;

SD=stable disease.
*Median (range); "Mean + standard deviation.
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tor 2 (HER2), Ki-67, and stage, and chemotherapy regimens
were comparable between the two groups. The median follow-
up period of the entire cohort was 18 months (range, 4-32
months). At the time of the final follow-up, 25 patients suf-
fered from disease relapse. We found that a risk score <-0.1
was significantly associated with a higher overall response rate
(89.4% vs. 15.6%, p<0.001). The median OS and PES in the
high-risk group were 16 months (range, 4-29 months) and 14
months (range, 4-24 months), respectively, whereas the me-
dian OS and PEFS in the low-risk group were 20 months
(range, 7-32 months) and 18 months (range, 7-32 months),
respectively (Figure 3A).

We also used X-tile to determine the cutoft values for H19
and let-7a; both were included in the multivariate model as di-
chotomized variables. The cutoff values for these two indices

147

were 7.10 and 11.30, respectively. The average values of H19
and let-7a were 5.99+0.33 and 11.54+0.44 (p<0.001), re-
spectively, in the low-risk group and 12.35+0.62 and 4.64 +
0.40 (p <0.001), respectively, in the high-risk group.

Based on the univariate analysis, the risk score, the expres-
sion levels of let-7a and H19, and the treatment response were
significant predictors of PFS (Table 2), but only the risk score
and the treatment response were significant predictors of OS
(Table 3). A risk score >—-0.1 was associated with significantly
inferior survival (PFS: HR, 0.221, 95% confidence interval
[CI], 0.094-0.518, p=0.001; OS: HR, 0.126, 95% CI, 0.020-
0.806, p=0.029). Neither tumor stage nor chemotherapy regi-
men displayed a significant prognostic impact. In the multi-
variate analysis, a risk score >-0.1 was observed to be an in-
dependent predictor of both PES and OS (PFS: HR, 0.130,

Table 2. Univariate and multivariate analyses of the prognostic factors of progression-free survival for primary breast cancer patients

Univariate Multivariate

Variable

p-value HR (95% Cl) p-value HR (95% Cl)
Age (yn) 0.809 0.905 (0.401-2.041) -
Estrogen receptor 0.889 0.944 (0.423-2.109) -
Progesterone receptor 0.872 1.075 (0.445-2.597) -
HER2 0.301 0.815 (0.553-1.201) - -
miRNA let-7 0.019 3.031 (1.198-7.670) 0.210 0.528 (0.195-1.432)
IncRNA H79 0.014 0.346 (0.141-0.848) 0.788 0.803 (0.162-3.985)
Risk score 0.001 0.221 (0.094-0.518) 0.001 0.130 (0.084-0.480)
T stage 0.322 1.294 (0.777-2.153) - -
N stage 0.697 0.883 (0.472-1.652) -
Stage 0.057 1.669 (0.985-2.829) -
Chemotherapy regimen (EC/EC-P) 0.854 1.146 (0.268-4.904) - -
Treatment response (CR+PR/PD+SD) 0.005 0.299 (0.130-0.691) 0.508 1.478 (0.465-4.693)

HR=hazard ratio; Cl=confidence interval; HER2 =human epidermal growth factor receptor 2; miRNA =microRNA; IncRNA =long non-coding RNA; EC = epirubicin
and cyclophosphamide; EC-P =epirubicin, cyclophosphamide followed by paclitaxel; CR=complete response; PR=partial response; PD = progressive disease;

SD=stable disease.

Table 3. Univariate and multivariate analyses of the prognostic factors of overall survival for primary breast cancer patients

Univariate Multivariate

Variable

p-value HR (95% Cl) p-value HR (95% Cl)
Age (yr) 0.768 0.763 (0.127-4.591) -
Estrogen receptor 0680 0.964 (0.158-5.886) -
Progesterone receptor 0.841 1.253 (0.138-11.410) -
HER2 0.331 0.646 (0.267-1.561) -
miRNA fet-7 0.188 0.222 (0.024-2.080) -
IncRNA H19 0.124 0.174 (0.019-1.619) - -
Risk score 0.029 0.126 (0.020-0.806) 0.035 0.090 (0.010-0.844)
T stage 0.379 1.638 (0.546-4.918) - -
N stage 0.085 2.979 (0.861-10.305) -
Stage 0.104 2.648 (0.819-8.565) -
Chemotherapy regimen (EC/EC-P) 0.477 0.447 (0.049-4.110) - -
Treatment response (CR+PR/PD+SD) 0.048 0.107 (0.012-0.976) 0.432 0.315(0.018-5.607)

HR=hazard ratio; Cl=confidence interval; HER2 =human epidermal growth factor receptor 2; miRNA =microRNA; IncRNA = long non-coding RNA; EC = epirubicin
and cyclophosphamide; EC-P =epirubicin, cyclophosphamide followed by paclitaxel; CR=complete response; PR=partial response; PD = progressive disease;

SD=stable disease.
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Figure 3. Progression-free survival (PFS) and overall survival (OS) curves of 79 primary breast cancer patients with different risk score values. (A) The
median OS was 16 months (range, 4-29 months) in the risk score >-0.1 group and 20 months (range, 7-32 months) in the risk score <-0.1 group
(hazard ratio [HR], 0.126; 95% confidence interval [Cl], 0.020-0.806; p=0.001). (B) The median PFS was 18 months (range, 7-32 months) in the risk
score >-0.1 group and 14 months (range, 4-29 months) in the risk score <-0.1 group (HR, 0.221; 95% Cl, 0.094-0.518; p=0.001). (C) Compari-
sons of the areas under the receiver operating characteristic curve for survival status according to the risk score and the let-7a and H19 levels. The

areas were 0.790, 0.683, and 0.667, respectively.
Inc=long non-coding; Pl=propidium iodide.

95% CI, 0.084-0.480, p=0.001; OS: HR, 0.090, 95% CI,
0.010-0.844, p=0.035). Other analyzed factors displayed no
significant prognostic impact on either OS or PFS. As let-7a
and HI9 levels were independent prognostic indices of PES,
we compared the areas under the ROC curve for the risk
score and the let-7a and HI9 expression levels. The risk score
showed a relatively higher area under the curve (AUC) value
(0.790; 95% CI, 0.684-0.874) than the let-7a level (0.683; 95%
CI, 0.568-0.783) and the H19 level (0.667; 95% CI, 0.552—
0.769) (Figure 3B and 3C).

DISCUSSION

Although randomized clinical trials have not shown signifi-
cant differences in long-term outcomes regarding whether
chemotherapy is administered before or after surgery, neoad-
juvant chemotherapy improves surgical outcomes and pro-
vides important prognostic information on treatment re-
sponses [8,12]. Many gene-based qRT-PCR assays of RNA
isolated from embedded breast cancer tissue samples can be
used to predict prognoses, including survival, recurrence, or
treatment responses. In our previous study, we reported that
in primary breast cancer, low levels of let-7a were associated
with chemoresistance [10]. In this study, we focused on the
combined prognostic value of let-7a and HI19 expression.
Consistent with basic research showing that the imprinted
H19 may antagonize let-7a, we observed that HI9 expression
is negatively correlated with let-7a expression and that lower
expression of let-7a and higher expression of H19 are associat-
ed with neoadjuvant chemotherapeutic resistance in breast
cancer patients. In addition, paclitaxel-resistant breast cancer
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cell lines highly expressed H19, and knockdown of HI9 ex-
pression restored their respective chemosensitivity. Further-
more, we developed a signature that could predict the survival
of patients receiving neoadjuvant chemotherapy, and ROC
analysis suggested that the signature has greater survival-pre-
dicting ability than H19 or let-7a expression alone.

The HI9 gene is a highly conserved gene cluster that regu-
lates embryonal development and growth [13]. In humans,
H1I9 expression is strongly induced during embryogenesis and
is downregulated after birth except in skeletal and heart mus-
cle [14]. The overexpression of HI9 in either tumor tissues or
serum predicted poor prognosis among patients with colorec-
tal cancer, non-small-cell lung cancer, gastric cancer, esopha-
geal squamous cell carcinoma, or other malignancies [15-18].
However, let-7 miRNAs have been postulated to function as
tumor suppressors by silencing RAS and HMGA?2. Iorio et al.
[19] reported that let-7 was rarely expressed in breast tumors
compared with normal breast tissue based on microarray
analysis. In addition, Kallen et al. [9] demonstrated that the
conserved, imprinted H19 binds to let-7 and inhibits its func-
tion, thus acting as a molecular sponge. However, few clinical
studies have explored the relationship between H19 and let-7a
expression levels and their prognostic value, and it remains
unknown whether H19 or let-7a levels could accurately pre-
dict the short- and long-term outcomes of primary breast
cancer patients who receive neoadjuvant chemotherapy.
Therefore, as far as we know, this is the first study to focus on
this issue and construct a combined signature.

This study has some limitations that should be acknowl-
edged. First, this was a retrospective single-center study. Thus,
no independent cohorts were evaluated to prove the prognos-
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tic value of this signature. Second, the optimal cutoff value for
the combined signature demands external validation. Third,
we analyzed only pretreatment biopsy specimens, and it re-
mains unclear whether chemotherapy influences the expres-
sion of H19 and let-7a and whether dynamic changes in the
combined signature can predict prognosis. Therefore, future
prospective clinical trials and larger cohorts should emphasize
and clarify the value of the combined signature, and further
studies should include more homogeneous patients.

In summary, a risk score cutoff value of —0.1 was adopted to
predict the short- and long-term outcomes of primary breast
cancer patients who received neoadjuvant chemotherapy.
Both the univariate and multivariate analyses showed that a
risk score >-0.1 was related to poor treatment responses, OS,
and PFS. TNM staging and HER2 tumor status partially con-
tributed to an estimate of absolute benefits expected from sys-
temic neoadjuvant chemotherapy, but the stratification was
conducted primarily using anatomical and pathological infor-
mation. Conversely, our signature could highlight the biologi-
cal characteristics of breast cancer and provide unique infor-
mation independent of TNM staging and HER?2 status. In ad-
dition, measuring HI9 and let-7a levels in patients using qRT-
PCR might be a convenient and clinically available procedure.
Furthermore, we observed that the combined signature had a
higher AUC value than either HI9 or let-7a expression alone.
Thus, it is reasonable to conclude that the combined signature
is a superior predictor of survival.
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