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Abstract: Background/Objectives: Elevated human epididymis protein 4 (HE4) expression has been observed
in breast cancer and is linked to cancer progression; however, its role in ductal carcinoma in situ (DCIS) remains
unclear. This study evaluated HE4 levels in DCIS serum and tissue and their correlation with clinicopathological
features. Methods: Preoperative serum HE4 levels were measured in 59 DCIS patients. HE4 mRNA and protein
expression were assessed in DCIS and adjacent normal tissues via RNAscope in situ hybridization and
immunohistochemistry. An independent tissue microarray of 41 DCIS cases was also analyzed, and the
BreastMark database was applied to explore the prognostic relevance of HE4. Results: Serum HE4 levels (mean
+5D: 39.4 +11.9 pmol/L) were within the normal range and did not significantly correlate to clinicopathological
parameters except menopause status. HE4 expression was significantly higher in DCIS tissues than in adjacent
normal tissues, with mRNA and protein levels positively correlated (r = 0.771, p < 0.001). High HE4 mRNA and
protein expression was associated with ER positivity, HER2 negativity, low stromal tumor-infiltrating
lymphocyte density, and HR+/HER2- subtypes but did not predict DCIS recurrence. High HE4 expression in
breast cancer patients correlated with better survival outcomes. Conclusions: While serum HE4 is not elevated
in DCIS, high HE4 expression in tissues is linked to favorable clinicopathological characteristics; thus, further
research is warranted on its potential prognostic role.
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1. Introduction

Ductal carcinoma in situ (DCIS), a non-obligate precursor of breast cancer, is a neoplastic
proliferation of mammary ductal epithelial cells confined to the ductal-lobular system [1,2]. DCIS
comprises 15% to 20% of all newly detected breast cancer cases in Korea, and its incidence increased
following the routine use of mammographic screening [3]. However, the ability of mammography to
detect small lesions, including DCIS, is significantly reduced in younger patients [4]. DCIS is a
heterogeneous disease with biologically diverse outcomes [1,2]. There has been a need to discover a
diagnostic and prognostic biomarker for the presence of DCIS or recurrence after DCIS surgery
and/or treatment.

Human epididymis protein 4 (HE4), also known as WFDC2, is a secretory protein that is a
member of the whey acidic protein (WAP) domain family [5]. This protein has a variety of functions,
including protease inhibitors, and has a role in the innate immune defense of multiple epithelia [6].
HE4 has been expressed in the normal epithelium of the reproductive tract and proximal airways
[5.6]. Increased HE4 expression has been reported in many cancer types, especially in gynecologic
and pulmonary cancers [7-9]. HE4 has been reported as an important serum biomarker for the
diagnosis of epithelial ovarian cancer and can be used to monitor the recurrence or disease
progression of this cancer [10-12].

Recent research has demonstrated elevated serum HE4 levels in breast cancer patients and may
be used as a diagnostic marker of breast carcinoma [13-19]. HE4 is also expressed in breast cancer
tissues [18,20-22], and the expression of HE4 is a possible predictive factor of breast cancer recurrence
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[18,21]. However, the expression of HE4 in DCIS and its clinical value have yet to be properly
characterized.

This study aimed to evaluate serum and tissue levels of HE4 in DCIS and their correlations with
clinicopathological characteristics of DCIS. We determined preoperative serum HE4 levels in 59 DCIS
patients. Moreover, we detected mRNA and protein in DCIS and surrounding normal tissues from
these patients by RNAscope in situ hybridization (ISH) and immunohistochemistry analysis,
respectively. The HE4 mRNA and protein expression levels were also detected in 41 DCIS tissues.
The prognostic potential of HE4 in breast cancer patients has been tested using the BreastMark
database.

2. Materials and Methods

2.1. Serum and Tissues Samples

Serum samples from 59 patients with DCIS and tissue microarrays containing DCIS tissues that
had been matched with adjacent normal tissues from these patients were provided by Chonnam
National University Hwasun Hospital (CNUHH) Biobank. The serum samples were collected before
surgery and stored in a liquid nitrogen freezer. Tissue microarrays were constructed to contain DCIS
tissues and adjacent normal tissues. From each formalin-fixed-paraffin-embedded (FFPE) DCIS
sample, two to three cores and one to two cores with a diameter of 2.0 were taken from the DCIS
cancer area and adjacent normal tissue area, respectively. Additionally, we obtained tissue
microarrays containing only DCIS cancer tissues from CNUHH biobanks. These tissue microarrays
contained two or three DCIS cancer cores from 41 patients.

2.2. Serum Concentrations of HE4

HE4 serum levels were measured using chemiluminescent microparticle immunoassays on the
fully automated ARCHITECT instrument (Abbott Diagnostics Division) at the Department of
Laboratory Medicine at CNUHH. According to the indications of the HE4 manufacturer, the
abnormal ranges were > 70.4 pmol/L for premenopausal women and > 140.0 pmol/L for
postmenopausal women [12].

2.3. RNAscope In Situ Hybridization (ISH) Assay

Chromogenic RNAscope ISH for HE4 mRNA transcripts was conducted using the RNAscope
FFPE Assay kit (Advanced Cell Diagnostics) following previously described protocols [23]. In
summary, serially sectioned TMA block slides underwent deparaffinization, dehydration, heat
treatment, and protease digestion before hybridization with target probes for human Hs-WFDC2
(Cat# 524781, Advanced Cell Diagnostics), peptidylprolyl isomerase B (Hs-PPIB) as a positive control,
and bacterial dihydrodipicolinate reductase (DapB) as a negative control. The hybridization signal
was detected using the RNAscope 2.0 HD Reagent kit (Brown) (Advanced Cell Diagnostics) with 3,3'-
diaminobenzidine solution as the chromogen. Slides were counterstained using Gill’s hematoxylin.

RNAscope amplification was interpreted semi-quantitatively according to the manufacturer’s
guidelines: 0: no staining or <1 dot/10 cells at 40x; 1: 1-3 dots/cell at 20-40x; 2: 4-10 dots/cell at 20—
40x; 3: > 10 dots/cell with < 10% of positive cells having dot clusters visible at 20x; 4: > 10 dots/cell
with > 10% of positive cells having dot clusters at 20x. Slides with PPIB scores of > 2 and DapB
background scores of <1 were considered suitable to pass the qualification of tissue mRNA. The HE4
mRNA expression level was classified as low (score: 0-2) or high (score: 3—4) [23].

2.4. Immunohistochemistry

HE4 immunohistochemical staining was conducted using a Bond-max Autostainer (Leica
Microsystems, Bannockburn, IL), as previously described, alongside a HE4 rabbit polyclonal
antibody (1:800; Atlas Antibodies) [24]. HE4 immunoreactivity was semi-quantitatively evaluated
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based on the cytoplasmic staining intensity (no staining; 1: weak staining; 2: moderate staining; 3:
strong staining) and the percentage of stained cells (0: no positive cells; 1: 1%-24%; 2: 25%-49%; 3:
50-74%; 4: 75-100%) according to a previous report [20]. The intensity and extent scores were
multiplied to determine the final staining score. For the statistical analysis, samples with final scores
between 0 and 4 were categorized as having low HE4 expression, while those with scores > 4 were
classified as having high HE4 expression [20].

2.5. Clinicopathological Characteristics of DCIS Patients

Clinicopathological characteristics, including patient age, menopausal status, tumor size,
nuclear grade, comedo-type necrosis, and patient outcomes (local recurrence and survival), were
obtained from medical records. Local recurrence was defined as any in situ or invasive carcinoma
recurrence in the ipsilateral breast, axilla, or chest wall. Estrogen receptor (ER), PR (progesterone
receptor), and human epidermal growth factor receptor 2 (HER2) expressions were assessed for all
samples. ER or PR positivity was defined as at least 1% of tumor nuclei showing positive staining
[25]. HER?2 positivity (HER2+) was determined by an immunohistochemical staining score of 3+,
following the American Society of Clinical Oncology (ASCO)/College of American Pathologists
(CAP) guidelines [26]. DCIS was classified into four subtypes based on hormone receptor (HR) (ER
or PR) and HER?2 expression status: HR+/HER2-, HR+/HER2+, HR-/HER2+, and triple-negative (ER-
/PR-/HER2-).

The density of stromal tumor-infiltrating lymphocytes (TILs) was defined as the percentage of
the tumor stroma occupied by lymphocytic infiltrates without direct contact with DCIS cells. TILs
were categorized into four groups: 0 (no TILs), 1 (< 5% stromal area with TILs), 2 (5-50% stromal area
with TILs), and 3 (> 50% stromal area with TILs) [27].

2.6. HE4 as Prognostic Biomarker in Patients with Breast Cancer Using BreastMark

HE4 was analyzed in patients with breast cancer according to its prognostic significance using a
BreastMark database, as previously described [28]. Disease-free survival was analyzed, and the
median expression was used to dichotomize the data. Disease-free survival was evaluated for breast
cancer overall, as well as for lymph node-positive and lymph node-negative cases, and across
molecular subtypes classified by the Pam50 system, including luminal A, luminal B, HER?2, and basal
types. Survival curves were generated using the Kaplan—-Meier method, with differences assessed via
the log-rank test. Cox regression analysis was used to calculate hazard ratios (HRs) with 95%
confidence intervals (95% CIs).

2.7. Statistical Analysis

Statistical analyses were performed using the SPSS program (Version 13.5, SPSS Inc., Chicago,
IL). The serum HE4 level was evaluated using the independent t-test, one-way ANOVA, and
Kruskal-Wallis tests. The Mann-Whitney U test was used to assess differences in HE4 mRNA and
protein expression between DCIS and their adjacent normal breast tissues. Spearman’s correlation
was used to evaluate the association between variables. Categorical nominal variables were tested
using the x2 test or Fisher's exact test. Linear-by-linear association was added to test for the trend. A
probability of p <0.05 was considered statistically significant.

3. Results
3.1. HE4 Serum Level in Patients with DCIS and HE4 mRNA and Protein Expression in DCIS Tissues and

Their Adjacent Normal Breast Tissues

All 59 DCIS cases were successfully analyzed for HE4 serum concentration. HE4 levels ranged
from 23.5 to 86.3 pmol/L (mean + SD: 39.4 + 11.9). There were no abnormal cases according to the
manufacturer's proposed cutoff level for HE4 (70.4 pmol/L for premenopausal women and 140.0
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pmol/L for postmenopausal women). HE4 serum levels in DCIS patients did not differ according to

clinicopathological parameters except for menopause status (Table 1).

Table 1. Correlation between serum HE4 levels and clinicopathologic parameters in patients with ductal

carcinoma in situ.

Characteristics Serum HE4 levels p value
Number (Mean £ S.D.)
Menopause <0.05
Pre 27 (35.3+6.4)
Post 32 (42.9+14.4)
Size (cm) 0.881
<28 36 (39.6 £12.8)
228 23 (39.1£10.8)
Nuclear grade 0.516
1 1(31.3)
2 27 (37.9+9.1)
3 31(40.9+14.1)
Comedo-type necrosis 0.594
No 10 (37.5+10.3)
Yes 49 (39.8 £12.3)
Stromal TILs density score 0.716
1 39 (40.3 £11.6)
2 19 (37.6 £ 13.0)
3 1(41.7)
Estrogen receptor- a 0.868
Negative 25(39.1 +14.5)
Positive 34 (39.7 £9.9)
HER-2 0.692
Negative 31(38.8 +11.5)
Positive 28 (40.1 £ 12.6)
Molecular subtypes 0
HR+/HER2- 27 (38.5+£10.3)
HR+/HER2+ 11 (41.2+7.3)
HR-/HER2+ 17 (39.4 £15.3)
Triple-negative 4(41.4£20.2)
Recurrence 0.222
No 53 (40.1 £12.3)
Yes 6 (33.8 £6.9)

S.D., standard deviation; ns, not significant; TILs, tumor infiltrating lymphocytes.

HE4 concentration was significantly higher in postmenopausal DCIS patients than in
premenopausal DCIS patients (42.9 + 14.4 pmol/L vs. 35.3 + 6.4 pmol/L; p < 0.05; Figure 1).
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Figure 1. Box plots of serum HE4 levels according to the menopausal status. The whiskers show the maximum

and minimum values, with the exception of outliers (circles).

ISH and immunohistochemical analyses were performed to examine HE4 mRNA and protein
expression in DCIS tissues and adjacent normal breast tissues. Among 59 cases, mRNA ISH and
immunohistochemical data were interpretable in 58 cases. HE4 mRNA ISH signals, if present, were
detectable in cancer cells from DCIS (Figure 2a,b), while the HE4 mRNA expression was reduced in
epithelial cells of normal breast tissue (Figure 2c,d). Comparative analysis of HE4 mRNA
amplification scores revealed that HE4 levels in DCIS tissues were higher than in their corresponding
normal tissues (1.9 £ 0.9 vs. 1.3 + 0.5; p <0.001; Figure 3a).

The HE4 immunohistochemical staining results were similar to the mRNA ISH results.
Immunohistochemical staining for HE4 is restricted to the epithelial compartment of normal and
DCIC tissues, with no positivity in adjacent stromal cells (Figure 2e-h). The positive staining in DCIS
appeared cytoplasmic (Figure 2e,f). Normal breast epithelium was negative to weakly positive, and
luminal secretion was also positive (Figure 2g,h). HE4 immunohistochemical staining scores were
significantly higher in DCIS tissues than in adjacent normal tissues (3.2 + 2.6 vs. 1.8 + 0.6; p < 0.001;
Figure 3b).

Figure 2. Expression and localization of HE4 mRNA (a-d) and protein (e-h) in ductal carcinoma in situ (a, b, e,
f) and adjacent normal breast tissues (c, d, g, h). mRNA and protein expression levels of HE4 are higher in DCIS

tissues compared with adjacent normal tissues. a, ¢, e, g,x4; b, d, x400; £, h, x200.
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Figure 3. Box plots of HE4 mRNA in situ hybridization (ISH) staining scores (a) and immunohistochemical (IHC)
staining scores in ductal carcinoma in situ (DCIS) and adjacent normal breast tissues. The whiskers show the

maximum and minimum values, with the exception of outliers (circles).

Spearman’s correlation analyses revealed no significant correlation between serum and DCIS
tissue levels of HE4 (r=0.022, p=0.871 for serum vs. mRNA; r = 0.040, p =0.766 for serum vs. protein).
Serum HE4 concentrations did not show a significant difference between low and high
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mRNA/protein expression in DCIS tissues (39.9 + 12.7 pmol/L vs. 38.9 + 10.2 pmol/L, p = 0.788, for
mRNA; 39.8 + 13.4 pmol/L vs. 39.1 £ 9.1 pmol/L, p = 0.838, for protein).

3.2. Expression of HE4 mRNA and Protein in DCIS Tissues and Correlation with
Clinicopathological Features

3.2.1. Clinical Characteristics of DCIS Patient Cohorts

Of the 100 DCIS patients, 52 were premenopausal, and 48 were postmenopausal. The DCIS
tumor sizes ranged from 0.8 to 10.0 cm in diameter (median: 2.2 cm, mean: 2.8 cm). Most cases were
classified as nuclear grade 2 (55 cases, 55.0%) or grade 3 (42 cases, 42.0%). Comedo-type necrosis was
present in 77 cases (77.0%). Stromal TILs were identified in all DCIS cases, with 68 cases (68.0%)
scoring 1, 30 cases (30.0%) scoring 2, and 2 cases (2.0%) scoring 3. The DCIS subtypes included 48
cases (48.0%) of HR+/HER2-, 17 cases (17.0%) of HR+/HER2+, 29 cases (29.0%) of HR-/HER2+, and 6
cases (6.0%) of the triple-negative subtype. In the analysis, the median follow-up duration was 96
months (range: 7-178 months); recurrence occurred in nine cases (9.0%), but no cancer-related deaths
were reported.

3.2.2. Expression of HE4 mRNA and Protein in DCIS Tissues

Among 100 DCIS tissues, HE4 mRNA ISH and immunohistochemical staining were
interpretable in 99 cases. HE4 mRNA ISH scores and HE4 immunohistochemical staining scores in
DCIS tissues showed positive correlations (r = 0.771, p <0.001). HE4 expression was evaluated based
on cutoff point. High mRNA and protein expression of HE4 were observed in 25 of 99 (25.3%) and 34
of 99 (34.3%) cases, respectively. The concordance between HE4 mRNA ISH and protein
immunohistochemistry was summarized in Table 2. The results showed coincidence rates of HE4
expression using two different methods was 88.9%, and indicated two methods have a consistent
trends.

Table 2. Crosstabulation of HE4 status by mRNA RNAscope in situ hybridization and protein

immunohistochemistry in DCIS tissues.

RNAscope in situ Immunohistochemistry Total
R . Concordance x value p value
hybridization Low High
Low 64 10 77
High 1 24 25 88.9 0.658 <0.001
Total 65 34 99

Next, the relationship between HE4 expression and clinicopathological features in DCIS was
analyzed (Table 3). High HE4 mRNA expression was significantly associated with lower stromal TIL
density, ER positivity, HER2 negativity, and the HR+/HER2- subtype. Similarly, high HE4 protein
expression correlated with the absence of comedo-type necrosis, lower stromal TIL density, ER
positivity, HER2 negativity, and the HR+/HER2- subtype. However, HE4 mRNA and protein
expression did not correlate with DCIS recurrence.

Table 3. Relationship between HE4 mRNA and protein expression and clinicopathologic parameters in ductal

carcinoma in situ.

High mRNA HE4 High protein HE4 expression

Characteristics expression N/total N (%) p value N/total N (%) p value
Menopause 0.525 0.942
Pre 14/53 (26.4) 18/53 (34.0)
Post 11/46 (23.9) 16/46 (34.8)
Size (cm) 0.689 0.108
<28 15/56 (26.8) 23/56 (41.1)

>28 10/43 (23.3) 11/43 (25.6)
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Nuclear grade 0.129 0.068
1 1/3 (33.3) 1/3 (33.3)
2 17/55 (30.9) 25/55 (45.5)
3 7/41 (17.1) 8/41 (19.5)
Comedo-type necrosis 0.080 <0.05
No 9/23 (39.1) 13/23 (56.5)
Yes 16/76 (21.1) 21/76 (27.6)
Stromal TILs density score <0.05 <0.05
1 22/67 (32.8) 28/67 (41.8)
2 3/30 (10.0) 6/30 (20.0)
3 0/2 (0) 0/2 (0)
Estrogen receptor- o <0.01 <0.001
Negative 4/40 (10.0) 5/40 (12.5)
Positive 21/59 (35.6) 29/59 (49.2)
HER-2 <0.05 <0.001
Negative 18/54 (33.3) 27/54 (50.0)
Positive 7/45 (15.6) 7/45 (15.6)
Molecular subtypes 0.099 <0.01
HR+/HER2- 17/48 (35.4) 25/48 (52.1)
HR+/HER2+ 4/16 (25.0) 4/16(25.0)
HR-/HER2+ 3/29 (10.3) 3/29 (10.3)
Triple-negative 1/6 (16.7) 2/6 (33.3)
Recurrence 0.688 0.489
No 22/90 (24.4) 30/90 (33.3)
Yes 3/9 (33.3) 4/9 (44.4)

N, number; TILs, tumor infiltrating lymphocytes.

3.3. HE4 for Prognostic Biomarker in Patients with Breast Cancer

Following BreastMark analysis, higher HE4 expression in breast cancer patients was
significantly associated with improved survival in the overall group (HR = 0.838, p =0.003, n =2,652)
and lymph node-negative group (HR = 0.791, p = 0.029, n=1,183) (Figure 4).
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Figure 4. Prognostic role of HE4 expression in breast cancer assessed using BreastMark.

4. Discussion
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To our knowledge, this study is the first to determine HE4 serum and tissue levels in patients
with DCIS. Although serum HE4 was not increased above the cutoff value in patients with DCIS,
high HE4 mRNA and protein expression in DCIS tissues were associated with good
clinicopathological characteristics.
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DCIS is a non-invasive form of breast cancer; the routine use of mammography screening has
led to a significant increase in DCIS diagnoses, which nowadays account for 15-20% of all newly
detected breast cancer cases in Korea [3]. Although mammography is the only available screening
method to detect DCIS, the technique has limitations [4]. DCIS is a heterogeneous disease that
progresses both rapidly and slowly [1,2]. Therefore, diagnostic and prognostic biomarkers to detect
the presence and recurrence of DCIS are needed for timely treatment and better management.

HE4 was originally described as an epididymis-specific protein; however, HE4 has recently been
proposed as a putative serum biomarker in diagnosing and monitoring some tumors, especially in
gynecologic and pulmonary cancers. [7-9]. HE4 expression in epithelial ovarian cancer tissues is
higher than those in borderline ovarian tumors, benign ovarian tumors, and normal ovarian tissues
[12]. HE4 is also released significantly into the blood by epithelial ovarian cancer. Serum HE4 has
been identified as the most promising biomarker for the diagnosis of epithelial ovarian cancer and
has been used in monitoring the follow-up and relapse of ovarian cancer patients [10-12].

Several studies have investigated the role of HE4 in blood and cancer tissues as a diagnostic and
prognostic biomarker in breast cancer [13-22]. However, the expression of HE4 in DCIS and its
diagnostic and prognostic value has yet to be properly characterized. Most studies measuring HE4
in blood measure the HE4 serum and plasma levels in breast cancer patients using the enzyme-linked
immunosorbent assay [13-19]. HE4 levels in the blood of breast cancer patients were significantly
higher than those in benign breast tumor patients or healthy individuals, suggesting that HE4 may
be useful as a marker for breast cancer diagnoses [13,15-19]. However, no studies have investigated
diagnostic accuracy using the cutoff value suggested by the HE4 manufacturer. The present study
measured serum HE4 levels using chemiluminescent microparticle immunoassays on a fully
automated ARCHITECT instrument. The HE4 levels in 59 DCIS patients ranged from 23.5 to 86.3
pmol/L. Based on the reference limit provided by the manufacturer, there were no abnormal cases
relating to HE4 levels, which suggests that serum HE4 cannot be used as a marker for detecting breast
DCIS.

The HE4 mRNA and protein expression levels in breast cancer tissues have been measured
previously using real-time PCR and immunohistochemistry [18,20-22]. Immunohistochemically,
HE4 was expressed in the cytoplasm of breast cancer cells. HE4 was also expressed in normal breast
tissues, particularly in duct epithelial cells [20,22]. In breast cancer, positive HE4 expression has been
shown to range from 9.6 to 98.8%, depending on different interpretation criteria [18,20-22].
Mirmohseni Namini et al. found that HE4 was positively expressed in 3 of 31 (9.6%) breast cancer
tissues but not in adjacent normal breast tissues [18]. HE4 mRNA expression in breast cancer tissues
was increased compared to adjacent normal tissues [18,21].

Using RN Ascope ISH and immunohistochemistry, we analyzed HE4 mRNA and protein levels
in DCIS and adjacent normal breast tissues. Both methods confirmed that HE4 mRNA and protein
expression were localized in the epithelial compartment of normal and DCIS tissues, with
significantly higher expression in DCIS tissues. Furthermore, HE4 mRNA levels in DCIS tissues
correlated positively with HE4 protein levels. Meanwhile, despite the underlying mechanism of HE4
increase in DCIS tumor cells remaining unclear, our data confirmed that HE4 mRNA and protein
expression levels increased in cancer cells of DCIS tissues. Thus, HE4 expression in DCIS tissues may
be regulated primarily at the transcriptional level.

In the present study, we compared the serum levels of HE4 in DCIS patients with the expression
of HE4 mRNA and protein in DCIS tumor tissues; however, no correlation was noted between HE4
serum and DCIS tissue levels. Serum HE4 concentrations did not significantly differ between low
and high mRNA/protein expression in DCIS tissues. Several studies on other cancers have also
revealed a lack of correlation between HE4 serum and tissue levels. Indeed, there was no significant
association between serum HE4 and immunohistochemically detected tissue HE4 levels for
endometrial cancer [29,30]. This discrepancy could be partially due to the semi-quantitative detection
methods used to measure HE4 mRNA and protein tissue levels, which might not possess adequate
sensitivity to identify subtle differences in HE4 expression. This discrepancy could also be due to the


https://doi.org/10.20944/preprints202503.1516.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 March 2025 d0i:10.20944/preprints202503.1516.v1

9 of 12

heterogeneous nature of HE4 expression. Although all lesions can affect serum levels, we only
evaluated mRNA or protein expression as a snapshot of a small portion of the tumor.

The potential prognostic role of HE4 in breast cancer is not conclusive. Serum HE4 did not
correlate with breast cancer clinicopathologic features [14,15]. However, reports by Lu et al. [16] and
Mirmohseni Namini et al. [18] showed an association between HE4 expression and poor prognostic
factors in patients with breast cancer. The median value of HE4 in stage III breast cancer patients was
significantly higher than in stage I/Il individuals [16]. Mirmohseni Namini et al. reported a significant
correlation between plasma HE4 levels and adverse prognostic features such as grade, stage, and
tumor size [18]. Moreover, plasma HE4 levels were significantly upregulated in breast cancer patients
with metastasis compared with non-metastatic breast cancer patients. The relative expression of HE4
mRNA in BC patients significantly correlated with the breast cancer grade [18]. However, Kamei et
al. determined HE4 mRNA expression in breast cancer and found no difference between positive and
negative expressions for disease-free survival [21]. Kamei et al. also determined HE4 expression in
breast cancer tissues via immunohistochemistry. No correlation was found between HE4 expression
in the immunohistochemistry analysis and any clinical factors except nodal involvement. HE4
expression was associated with lymph node involvement. Although HE4 expression following
multivariate analysis did not show the prognostic significance of disease-free survival, the five-year
disease-free survival in the HE4-positive group was significantly worse than in the negative group.
Akoz et al. found that HE4 immunohistochemical staining intensity was strongly associated with
tumor grade and HER? status based on immunohistochemistry and fluorescence in situ hybridization
[22]. However, median lifespans of the breast cancer patients based on HE4 staining intensity did not
differ significantly. Overall, increased HE4 expression has been suggested to be associated with
adverse clinical factors in breast cancer patients, but its relationship to clinical outcomes has not yet
been elucidated.

The clinicopathological factors of DCIS that have been associated with increased risk of local
recurrence include large lesion size, high nuclear grade (grade III), presence of comedonecrosis,
positive margins, high stromal TILs, and HER2-positive or triple-negative intrinsic subtypes [1,2,31].
In the present study, HE4 serum levels in DCIS patients did not differ according to clinicopathological
parameters, except menopause status. However, HE4 was not correlated with menopause status in
breast cancer patients [15,16]. Consistent with our results, the HE4 level in postmenopausal patients
with ovarian cancer was higher than in premenopausal patients with ovarian cancer [12]. High HE4
mRNA and protein expression were observed in 25.3% and 34.3% of DCIS cases, respectively. We
employed the interpretation criteria used by Galgano et al. [20]. Although HE4 mRNA and protein
expression did not correlate with the recurrence of DCIS, HE4 mRNA and protein expression were
associated with good prognostic and predictive clinicopathological factors, including absence of
comedonecrosis, low stromal TIL density scores, ER positivity, HER2 negativity, and HR+/HER2-
subtypes. We verified HE4 mRNA expression as a prognostic biomarker for breast cancer using the
public BreastMark database. High HE4 mRNA expression was significantly associated with good
survival in the overall and lymph node-negative groups. These results suggest that high HE4 mRNA
and protein expression may be used as a good prognostic marker in patients with breast cancer,
including DCIS. Considering the potential prognostic value of HE4 expression in patients with DCIS,
further studies with a large cohort of DCIS cases and a long-term follow-up are needed.

5. Conclusions

Our results characterize the HE4 serum and tissue levels in patients with DCIS. Serum HE4 was
not increased above the cutoff value in patients with DCIS, indicating that HE4 is not suitable for
screening and diagnosing DCIS. Meanwhile, high HE4 mRNA and protein in DCIS tissues were
associated with good clinicopathological characteristics, suggesting the possibility of using the
expression of tissue HE4 as a predictor of prognosis in DCIS patients. However, further studies with
larger sample sizes are needed to confirm the current findings.
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