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Glucose and glutamine metabolism is involved in important tumor mechanisms. Metabolism-related protein expression
has been previously reported to predict tumor prognosis. We aimed to investigate glucose and glutamine metabolism-related
protein expression and its implication in breast ductal carcinoma in situ (DCIS). A tissue microarray was prepared for 205
DCIS cases. Glucose and glutamine metabolism-related proteins were immunostained. Based on the results of estrogen
receptor, progesterone receptor, human epidermal growth factor receptor (HER)-2, and Ki-67, DCIS was classified into the
luminal type, HER-2 type, and triple-negative breast cancer (TNBC). DCIS stroma was classified into non-inflammatory
and inflammatory types per stromal histology. DCIS (N=205) was classified into luminal type (n=112), HER-2 type (n=81),
and TNBC (n=12). Hexokinase II (p=0.044), GLS (p=0.003), and SLC7A5 (p<0.001) expression rates were the highest
in TNBC. Inflammatory type stroma showed higher SLC7A5 (p<0.001) and SLC7A11 (p=0.008) expression rates than
non-inflammatory type stroma. In summary, DCIS demonstrated differential expression of metabolism-related proteins
according to the molecular subtype and stromal features. TNBC showed the highest glucose and glutamine metabolism-
related protein expression, and inflammatory type stroma showed higher glutamine metabolism-related protein expression

than non-inflammatory type stroma.
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Ductal carcinoma in situ (DCIS) is the pre-invasive
lesion of invasive breast cancer. It is well known that breast
cancer develops from normal epithelium through atypical
ductal hyperplasia (ADH), and DCIS finally develops into
invasive cancer. Therefore, DCIS is the direct precursor
of invasive breast cancer, and this has been supported by
previous findings that about 50% of invasive carcinomas are
accompanied by DCIS [1] and the genetic features among
ADH, DCIS, and invasive carcinoma overlap significantly
[2]. However, the finding that only 20-50% of DCIS cases
progress into invasive carcinoma, even when no treatment is
applied, suggests that additional events are required for the
progression of DCIS into invasive carcinoma [3-5].

The metabolic shift from oxidative phosphorylation to
anaerobic glycolysis, also known as the Warburg effect, is
the metabolic characteristic of cancer cells [6, 7]. The impor-
tant molecules involved in glycolysis include glucose trans-
porter (GLUT)-1, hexokinase II, and carbonic anhydrase
(CA) IX. GLUT-1 transports glucose into the cell [8], and
hexokinase IT is the enzyme that phosphorylates intracellular
glucose into glucose-6-phosphate [9]. CA IX neutralizes the

acidity caused by lactate formed during glycolysis via revers-
ible hydration of carbon dioxide [10]. Another important
element of tumor metabolism is glutamine metabolism. The
importance of glutamine metabolism in the cancer cell lies
in ensuring that two important factors, i.e., ATP production
and intermediate supply for macromolecular synthesis, occur
in the proliferating tumor cell [11]. The important proteins
in glutamine metabolism include glutaminase 1 (GLS1)
[12], an enzyme that converts glutamine into glutamate,
and membrane-bound solution carrier (SLC) transporter,
an amino acid transporter. Previous studies have reported
the differences in metabolic phenotypes depending on the
tumor subtype [13-15], and some have further reported that
metabolism-related protein expression can predict cancer
prognosis [16-18].

There have been many studies demonstrating the impor-
tance of glucose/glutamine metabolism in several invasive
carcinomas [19, 20]. In the breast, invasive ductal carcinoma
hasbeen actively researched. Breast carcinoma is known to be
progressed carcinoma, and there is a preceding lesion called
DCIS before invasive ductal carcinoma. DCIS is a histo-
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logically heterogeneous non-obligate precursor of invasive
breast carcinoma, and the molecular subtype including high
nuclear grade is known to be a risk factor for progression of
DCIS to invasive carcinoma [21]. However, studies about
glucose/glutamine metabolism on DCIS, an independent
entity, are insufficient. Moreover, studies on the characteris-
tics of these metabolisms and molecular subtypes in DCIS
are also lacking.

The purpose of this study was to compare and investigate
glucose and glutamine metabolism-related protein expres-
sion and its clinical implication in breast DCIS.

Patients and methods

Patient selection and histological evaluation. Patients
diagnosed with DCIS and operated at Severance Hospital
from January 2000 to December 2006 were included in this
study. Patients who received chemotherapy or hormonal
therapy before surgery were excluded. This study was
approved by the Institutional Review Board (IRB) of Yonsei
University Severance Hospital. The IRB waived the require-
ment to obtain informed consent from patients. The study
conforms to The Code of Ethics of the World Medical Associ-
ation (Declaration of Helsinki). All the cases were reviewed
by the breast pathologist (Koo JS) using Hematoxylin &
Eosin (H&E)-stained slides. Histological grade was assessed
using the Nottingham grading system [22]. Clinicopatholog-
ical parameters evaluated in each case included patient age at
initial diagnosis, lymph node metastasis, tumor recurrence,
distant metastasis, and patient survival.

DCIS stroma was microscopically observed and classified
into inflammatory (the tumor stroma is mainly composed of
inflammatory cells, such as lymphocytes) and non-inflam-
matory (the tumor stroma is not mainly configured by
inflammatory cells) types.

Tissue microarray. A representative area showing the
tumor and tumor stroma was selected on an H&E-stained
slide, and a corresponding spot was marked on the surface
of the paraffin block. Using a biopsy needle, the selected area
was punched out, and a 3 mm tissue core was transferred to a
6x5 recipient block. Two tissue cores of invasive tumor were
extracted to minimize extraction bias. Each tissue core was
assigned a unique tissue microarray location number that
was linked to a database containing other clinicopathological
data.

Immunohistochemistry. Immunohistochemistry was
performed for formalin-fixed, paraffin-embedded tissue
sections and with BenchMark automated staining instru-
ment (Ventana Medical System, Tucson, AZ, USA).
Primary antibodies used for immunohistochemistry are
listed in Supplementary Table S1. Briefly, tissue sections
were sectioned to 5 pm thickness, deparaffinized in xylene,
rehydrated in three graded alcohol chambers, and treated
with 3% hydrogen peroxide in methanol. For visualization
of staining, a DAB detection kit (Ventana Medical Systems)

was used. The primary antibody incubation step was omitted
for the negative control. Staining of the positive control tissue
was performed according to the manufacturer’s instructions
(hexokinase II: thyroid tumor, GLUT1, CA IX, SLC7AS5:
esophageal carcinoma, GLS, ASCT2: colon, SLC7A11: small
bowel).

Interpretation of immunohistochemical staining.
All immunohistochemical markers were assessed by light
microscopy. A cut-off value of 21% positively stained nuclei
was used to define estrogen receptor (ER), progesterone
receptor (PR), and androgen receptor positivity [23]. Human
epidermal growth factor receptor (HER)-2-stained tissues
were analyzed according to the American Society of Clinical
Oncology (ASCO)/College of American Pathologists (CAP)
guidelines, as follows: 0 = no immunostaining; 1+ = weak
incomplete membranous staining, <10% of tumor cells; 2+
= complete membranous staining, either uniform or weak
in =10% of tumor cells; and 3+ = uniform intense membra-
nous staining in > 30% of tumor cells [24]. HER-2 immunos-
taining was considered positive when strong (3+) membra-
nous staining was observed and negative when no or weak
(0 to 1+) membranous staining was observed. Immuno-
histochemistry of glucose/glutamine metabolism-related
protein expression was analyzed using the semi-quantitative
H-score method. The method yielded a total score range
of 0 to 300 by multiplying the dominant staining intensity
score (0, no staining; 1, weak or barely detectable staining;
2, distinct brown staining; 3, strong dark brown staining) by
the percentage (0-100%) of positive cells. The sample was
divided into three groups (negative, low expression, high
expression), and the cut-off value was calculated for the
mean value of protein expression.

Tumor phenotype classification. In this study, we classi-
fied breast cancer phenotypes according to the immuno-
histochemistry results for ER, PR, HER-2, and Ki-67 and
FISH results for HER-2, as follows: luminal A type- ER or/
and PR positive, HER-2 negative, and Ki-67 labeling index
(LI) <14%; luminal B type (HER-2 negative)- ER or/and PR
positive, HER-2 negative, and Ki-67 LI >14%; luminal B type
(HER-2 positive)- ER or/and PR positive and HER-2 overex-
pressed or/and amplified; HER-2 overexpression type- ER
and PR negative and HER-2 overexpressed or/and amplified;
TNBC type- ER, PR, and HER-2 negative [25].

Statistical analysis. Data were analyzed using SPSS for
Windows, Version 25.0 (SPSS Inc., Chicago, IL, USA). For
determination of significance, Student’s t and Fisher’s exact
tests were used for continuous and categorical variables,
respectively. Significance was set at p<0.05. Kaplan-Meier
survival curves and log-rank statistics were employed to
evaluate time to tumor recurrence and overall survival.

Results

Basal characteristics of patients with DCIS. The basic
characteristics of 205 patients with DCIS included in this
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study are presented in Supplementary Table S2. DCIS
(N=205) was classified into luminal type (n=112), HER-2
type (n=81), and TNBC (n=12). Significant differences in
the age (p=0.047), architecture type (p=0.002), nuclear grade
(p=0.002), necrosis (p<0.001), and stromal type (p<0.001)
were observed according to the molecular subtype. The rates
of comedo-type necrosis and inflammatory type stroma were
significantly higher in HER-2 type and TNBC than in other
subtypes, and the rate of the high nuclear grade was signifi-
cantly higher in TNBC than in other subtypes (p<0.001).

Luminal

HER-2

HKII

GLUT1

Metabolism-related protein expression in DCIS
according to the molecular subtypes. First, we investigated
glucose metabolism-related protein expression in DCIS
according to the molecular subtype and observed significant
differences in hexokinase II (p=0.044) expression among
different molecular subtypes, with the lowest negative rate
observed in TNBC (Table 1 and Figure 1). Two types of
GLUT-1 expression patterns were observed. The first expres-
sion pattern was observed throughout the tumor without
a specific zonal pattern, and the second expression pattern

Positive control
el

Figure 1. Glucose metabolism-related protein expression in ductal carcinoma in situ (DCIS) according to the molecular subtypes. Hexokinase II
expression was higher in triple-negative breast cancer (TNBC) than in other subtypes. Positive control tissues were as follows; hexokinase II: thyroid

tumor, GLUT1, CA IX: esophageal carcinoma. Scale bar = 500 um

Table 1. Glucose metabolism-related protein expression in ductal carcinoma in situ according to molecular subtype.

Total Molecular subtype
Parameters N=205 (%) Luminal HER-2 TNBC p-value
n=112 (%) n=81 (%) n=12 (%)
Hexokinase II 0.044
Negative 188 (91.7) 99 (88.4) 79 (97.5) 10 (83.3)
Low expression 11 (4.5) 7 (6.2) 2(2.5) 2(16.7)
High expression 6(3.8) 6(5.4) 0(0.0) 0(0.0)
GLUT 1 0.179
Negative 107 (52.2) 55 (49.1) 47 (58.0) 5(41.7)
Low expression 67 (32.7) 38 (33.9) 22(27.2) 7 (58.3)
High expression 31 (15.1) 19 (17.0) 12 (14.8) 0 (0.0)
CAIX 0.111
Negative 59 (28.8) 33 (29.5) 25(30.9) 1(8.3)
Low expression 71 (34.6) 44 (39.3) 24 (29.6) 3(25.0)
High expression 75 (36.6) 35(31.2) 32 (39.5) 8 (66.7)

Abbreviations: TNBC-triple-negative breast cancer; CA-carbonic anhydrase
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appeared to be focused in the central zone. The latter expres-
sion pattern was often observed around the comedo-type
central necrosis (Figure 2).

Next, we investigated glutamine metabolism-related
protein expression in DCIS according to the molecular
subtype and observed significant differences in GLS
(p=0.003) and SLC7A5 (p<0.001) among the different molec-
ular subtypes, with the highest expression observed in TNBC
(Table 2 and Figure 3). There was no statistically significant
difference between the expression results of hexokinase II
and GLS/SLC7A5, which showed a significant difference in
expression rate according to molecular subtypes (p=0.902
and p=0.336, respectively, Supplementary Table S3).

Zonal pattern

Metabolism-related protein expression in DCIS
according to the stromal subtypes. No significant difference
in glucose metabolism-related protein expression in DCIS
was observed according to the stromal subtypes (Table 3).
However, significant differences in glutamine metabolism-
related protein expression were observed depending on
the stromal subtypes, with higher SLC7A5 (p<0.001) and
SLC7A11 (p=0.008) expression rates in the inflammatory
type stroma than in the non-inflammatory type stroma
(Table 4).

Correlation between the clinicopathological factors
and metabolism-related protein expression. During inves-
tigating the association between metabolism-related protein

Zonal pattern

Figure 2. Glucose transporter (GLUT)-1 expression patterns in DCIS. Two types of GLUT-1 expression patterns were observed. The first expression
pattern was observed throughout the tumor without a specific zonal pattern (a), and the second expression pattern appeared to be focused in the cen-
tral zone (b, c). The latter expression pattern was particularly evident around the comedo-type necrosis (c, arrow). Scale bar = 500 pm

Luminal
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ASCT2

SLC7A5

SLC7AM1

Positive control

AR L

Figure 3. Glutamine metabolism-related protein expression in DCIS according to the molecular subtypes. GLS and SLC7A5 expressions were higher
in triple-negative breast cancer than in other subtypes. Positive control tissues were as follows; SLC7A5: esophageal carcinoma, GLS, ASCT2: colon,

SLC7A11: small bowel. Scale bar = 500 pm
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Table 2. Glutamine metabolism-related protein expression in ductal carcinoma in situ according to molecular subtype.

Total Molecular subtype
Parameters N=205 (%) Luminal HER-2 TNBC p-value
n=112 (%) n=81 (%) n=12 (%)
GLS 0.003
Negative 171 (83.4) 100 (89.3) 65 (80.2) 6 (50.0)
Low expression 22 (10.7) 7 (6.2) 12 (14.8) 3 (25.0)
High expression 12 (5.9) 5 (4.5) 4(4.9) 3 (25.0)
ASCT2 0.377
Negative 127 (62.0) 69 (61.6) 52 (64.2) 6 (50.0)
Low expression 53 (25.9) 27 (24.1) 23 (28.4) 3(25.0)
High expression 25(12.1) 16 (14.3) 6(7.4) 3(25.0)
SLC7A5 <0.001
Negative 183 (89.3) 105 (93.8) 72 (88.9) 6 (50.0)
Low expression 12 (5.8) 4(3.6) 5(6.2) 3 (25.0)
High expression 10 (4.9) 3(2.7) 4(4.9) 3(25.0)
SLC7A11 0.284
Negative 181 (88.4) 102 (91.1) 69 (85.2) 10 (83.3)
Low expression 12 (5.8) 4(3.6) 6(7.4) 2(16.7)
High expression 12 (5.8) 6 (5.4) 6(7.4) 0(0)

Abbreviations: TNBC-triple-negative breast cancer; GLS-glutaminase; ASCT-amino acid transporter; SLC-membrane-bound solution carrier

Table 3. Glucose metabolism-related protein expression in ductal carcinoma in situ according to stromal type.

Total Stromal type
Parameters N=205 (%) Non-inflammatory Inflammatory p-value
n=153 (%) n=52 (%)
Hexokinase IT 0.876
Negative 188 (91.7) 140 (91.5) 48 (92.3)
Low expression 11 (5.4) 8 (5.2) 3 (5.8)
High expression 6(2.9) 5(3.3) 1(1.9)
GLUT 1 0.683
Negative 107 (52.2) 78 (51.0) 29 (55.8)
Low expression 67 (32.7) 50 (32.7) 17 (32.7)
High expression 31 (15.1) 25 (16.3) 6 (11.5)
CAIX 0.121
Negative 59 (28.8) 48 (31.4) 11 (21.2)
Low expression 71 (34.6) 55 (35.9) 16 (30.8)
High expression 75 (36.6) 50 (32.7) 25 (48.1)

Abbreviations: GLUT-glucose transporter; CA-carbonic anhydrase

expression and the clinicopathological factors in DCIS, we
found that DCIS necrosis was significantly associated with
GLUT-1 (p=0.001), CA IX (p=0.001), and GLUT-1 expres-
sion pattern (p=0.001). Thus, DCIS necrosis was associ-
ated with GLUT-1 positivity, CA IX positivity, and GLUT-1
central zone positivity (Figure 4).

When expression of more than two glucose metabolism-
related proteins was defined as high glucose metabolism,
and expression of more than three glutamine metabolism-
related proteins was defined as high glutamine metabolism,
high glucose metabolism was associated with ER negativity
(p=0.004) and necrosis (p<0.001), and high glutamine metab-
olism was associated with the non-luminal subtype (p=0.001)
and inflammatory-type stoma (p=0.004) (Figure 5).

Effect of metabolism-related protein expression on
patient prognosis. The effect of metabolism-related protein
expression on patient outcome was analyzed through univar-
iate analysis, and the results among patients with DCIS were
not significant (Supplementary Table S4).

Discussion

In this study, we evaluated glucose and glutamine
metabolism-related protein expression in breast DCIS
and observed differences in expression depending on the
molecular subtype. Among the glucose metabolism-related
proteins, the expression of hexokinase I (p=0.044) was more
pronounced in TNBC than in other subtypes. Although
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Figure 4. Correlation between the clinicopathological factors and metabolism-related protein expression. DCIS necrosis was associated with GLUT-1
positivity (p=0.001), CA IX positivity (p=0.001), and GLUT-1 central zone positivity (p=0.001).

Table 4. Glutamine metabolism-related protein expression in ductal carcinoma in situ according to stromal type.

Total Stromal type
Parameters N=205 (%) Non-inflammatory Inflammatory p-value
n=153 (%) n=52 (%)
GLS 0.784
Negative 171 (83.4) 128 (83.7) 43 (82.7)
Low expression 22 (10.7) 17 (11.1) 5(9.6)
High expression 12 (5.9) 8 (5.2) 4(7.7)
ASCT2 0.732
Negative 127 (62.0) 95 (62.1) 32 (61.5)
Low expression 53 (25.9) 38 (24.8) 15 (28.8)
High expression 25(12.1) 20 (13.1) 5(9.6)
SLC7A5 <0.001
Negative 182 (89.2) 143 (94.1) 39 (75.0)
Low expression 12 (5.9) 4(2.6) 8 (15.4)
High expression 10 (4.9) 5(3.3) 5(9.6)
SLC7A11 0.008
Negative 181 (88.2) 141 (92.2) 40 (76.9)
Low expression 12 (5.9) 5(3.3) 7 (13.5)
High expression 12 (5.9) 7 (4.6) 5(9.6)

Abbreviations: GLS-glutaminase; ASCT-amino acid transporter; SLC-membrane-bound solution carrier
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Figure 5. Correlation between the clinicopathological factors and metabolic phenotype. High glucose metabolism was associated with estrogen recep-
tor (ER) negativity (p=0.004) and necrosis (p<0.001), and high glutamine metabolism was associated with the non-luminal subtype (p=0.001) and

inflammatory type stoma (p=0.004).

no previous DCIS studies have been performed, studies
on invasive breast cancer reported that glucose metabo-
lism-related protein expression was more pronounced in
TNBC than in other subtypes [26, 27], thereby supporting
the findings in our study. Glucose metabolism-related
proteins are highly expressed in TNBC because they may
be associated with TNBC characteristics, including high
metabolic activity, tumor grade, tumor necrosis, and cell
proliferation [28]. The TNBC subtype of DCIS, similar
to the TNBC subtype of invasive breast cancer, has been
reported to be associated with high tumor grade, tumor
necrosis, and cell proliferation [29], and this, in turn,
suggests high metabolic activity. One of the mechanisms
that enhance glucose metabolism in tumors is a hypoxic
pathway through hypoxia-inducible factor (HIF)-a [30],
and high cell proliferation and tumor necrosis in TNBC are
likely to suggest tissue hypoxia [28]. DCIS is surrounded by
a basal membrane and myoepithelial cells, and in partic-
ular, comedo-type necrosis is likely to occur in the DCIS

central zone, which is devoid of blood vessels and demon-
strates tumor cell proliferation [31]. In this study, GLUT-1
expression appeared to be concentrated in the central
zone, especially around the comedo-type central necrosis,
in some DCIS cases, suggesting that increased cell prolif-
eration-induced hypoxia might contribute to increased
glucose metabolism in TNBC type DCIS.

In this study, among the glutamine metabolism-related
proteins, GLS (p=0.003), which is an enzyme that converts
glutamine to glutamate, and SLC7A5 (p<0.001) was higher in
TNBC than in other subtypes. Compared to other subtypes,
TNBC showed the highest ratio of glutamate to gluta-
mine levels, suggesting the role of a deregulated glutami-
nolysis pathway in TNBC. This further indicated that GLS
is essential for TNBC cell growth [32], thereby supporting
the findings of this study. Additionally, a previous study on
invasive breast cancer showed that the TNBC subtype was
associated with a higher SLC7A5 expression level than the
luminous subtype, demonstrating similar results to those
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of our study [33]. The possible mechanisms underlying
enhanced glutamine metabolism-related protein expression
in TNBC involve oncogenes, such as c-myc, KRAS oncogene,
and the PI3K/AKT/mTOR pathway. TNBC shows c-myc
activation [34-36], increased KRAS signaling [37], and
increased activity of the PI3K/AKT/mTOR pathway [38].
Further, c-myc combines with glutamine importers, such as
ASCT-2 and SLC38A5, to promote glutamine uptake [39]
and enhance GLS expression [40], and KRAS increases gluta-
mine metabolism-related gene expression levels [41]. In the
PI3K/AKT/mTOR pathway, mTOR complex 1 inhibits the
transcription of SIRT4, an inhibitor of glutamate dehydro-
genase (GDH), eventually activating GDH [42]. Next, tumor
suppressors, such as Retinoblastoma protein (Rb), and gluta-
mine metabolism may be associated. It was reported that 30%
of TNBC cases showed RbD loss [43]; Rb suppresses ASCT-2
expression and reduces glutamine uptake [44]. Additionally,
glutamine metabolism, similar to glucose metabolism, is
associated with hypoxia, and accumulation of lactate in the
tumor microenvironment during HIF-1-induced glycolysis
activates c-myc, thereby enhancing glutaminolysis [45]. In
particular, glutamine metabolism-related proteins, such as
SLC7A5 (p<0.001) and SLC7A1l (p=0.008), were highly
expressed in DCIS with inflammatory type stroma, thereby
suggesting a link between glutamine metabolism and the
tumor microenvironment. Interleukin (IL)-4 secreted by
the immune cell increases ASCT-2 expression in breast
cancer cells [46], and IL-3 increases ASCT-2 expression in
the tumor microenvironment, thereby increasing glutamine
uptake [47].

The clinical significance of this study is that glucose and/
or glutamine metabolism inhibitors may be used for DCIS
treatment and prevention. Adjuvant hormone therapy can
reduce tumor recurrence in the ipsilateral breast in DCIS
with ER and/or PR positive type [48, 49], but this therapy
cannot be applied to DCIS without hormone receptor
expression, especially the TNBC subtype. However, adjuvant
therapy modality may be necessary to prevent the tumor
recurrence in TNBC type DCIS, owing to its more aggres-
sive tumor properties compared with those of hormone
receptor-positive DCIS. Therefore, we suggested the use of
glucose and/or glutamine metabolic inhibitors as adjuvant
therapy for TNBC type DCIS. Preclinical and clinical studies
have reported that hexokinase II inhibitor 3-BrPA [50], CA
IX inhibitor CAN508 [51], GLS inhibitor CB-839 [52], and
SLC7AS5 inhibitor benzylserine [53] effectively inhibit breast
cancer cell growth. However, further study is required to
determine whether the administration of these drugs can
inhibit the recurrence of TNBC-type DCIS.

In conclusion, metabolism-related protein expression
differs according to the molecular subtype and stromal type
of DCIS. Glucose and glutamine metabolism-related proteins
were highly expressed in TNBC, and glutamine metabolism-
related proteins were highly expressed in DCIS with inflam-
matory type stroma.

Supplementary information is available in the online version
of the paper.
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Supplementary Information

Supplementary Table S1. Source, clone, and dilution of antibodies.

Antibody Company Clone Dilution
Glucose metabolism related proteins
GLUT 1 Abcam, Cambridge, UK SPM498 1:200
Hexokinase II Abcam, Cambridge, UK 3D3 1:200
CAIX Abcam, Cambridge, UK Polyclonal 1:500
Glutamine metabolism related proteins
GLS Abcam, Cambridge, UK EP7212 1:100
ASCT2 Invitrogen Polyclonal 1:50
SLC7A5 Abcam, Cambridge, UK EPR17573 1:500
SLC7A11 Abcam, Cambridge, UK Polyclonal 1:200
Molecular subtype related proteins
ER Thermo Scientific, San Siego, CA, USA SP1 1:100
PR DAKO, Glostrup, Denmark PgR 1:50
HER-2 DAKO, Glostrup, Denmark Polyclonal 1:1500
Ki-67 Abcam, Cambridge, UK MIB 1:1000

Supplementary Table S2. Basal characteristics of ductal carcinoma in situ.

Molecular subtype
Parameters N:rg((’,tsat% ) Luminal HER-2 TNBC p-value
n=112 (%) n=81 (%) n=12 (%)
Age (years) 0.047
<50 118 (57.6) 73 (65.2) 40 (49.4) 5 (41.7)
>50 87 (42.4) 39 (34.8) 41 (50.6) 7 (58.3)
Architecture type 0.002
Cribriform 92 (44.9) 64 (57.1) 26 (32.1) 2(16.7)
Solid 82 (40.0) 36 (32.1) 38 (49.6) 8(66.7)
Micropapillary 20 (9.8) 6 (5.4) 12 (14.8) 2(16.7)
Papillary 8(3.9) 6(5.4) 2(2.5) 0(0.0)
Apocrine 3(1.5) 0(0.0) 3(3.7) 0 (0.0)
Nuclear grade 0.002
Low 13 (6.3) 9(8.0) 4(4.9) 0(0.0)
Intermediate 109 (52.3) 67 (59.8) 41 (50.6) 1(8.3)
High 83 (40.5) 36 (32.1) 36 (44.4) 11 (91.7)
Necrosis <0.001
Absent 91 (44.4) 66 (58.9) 20 (24.7) 5(41.7)
Focal 33 (16.1) 21(18.8) 11 (13.6) 1(8.3)
Comedo 81 (39.5) 25 (22.3) 50 (61.7) 6 (50.0)
Stromal type <0.001
Non-inflammatory 153 102 45 6

Inflammatory 52 (25.4) 10 (8.9) 36 (44.4) 6 (50.0)
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Supplementary Table S3. Expression of GLS and SLC7A5 according to the hexokinase II expression status in ductal carcinoma in situ.

Hexokinase IT

Total - e
Parameters N=205 (%) Negative Positive p-value
n=188 (%) n=17 (%)
GLS 0.902
Negative 171 (83.4) 157 (83.5) 14 (82.4)
Positive 34 (16.6) 31(16.5) 3(17.6)
SLC7A5 0.336
Negative 183 (89.3) 169 (89.9) 14 (82.4)
Positive 22 (10.7) 19 (10.1) 3(17)

Supplementary Table S4. Univariate analysis of the impact of metabolism-related proteins expression on DCIS prognosis by Log-rank analysis.

Disease-free survival

Overall survival

Parameter
Mean survival Mean survival
(95% CI) months p-value (95% CI) months p-value
Hexokinase I1 n/a n/a
Negative 188/4/3 n/a n/a
Positive 17/0/0 n/a n/a
GLUT 1 0.380 0.509
Negative 107/3/1 144 (142-147) 145 (143-147)
Positive 98/1/2 145 (144-146) 144 (141-146)
CAIX 0.712
Negative 133/3/2 145 (143-147) 145 (143-147)
Positive 72/1/1 144 (142-147) 144 (142-147)
GLS 0.599
Negative 171/3/2 145 (143-147) 145 (144-147)
Positive 34/1/1 144 (140-147) 143 (138-148)
ASCT2 0.838 0.879
Negative 127/3/2 145 (143-147) 145 (143-147)
Positive 78/1/1 143 (141-144) 142 (139-145)
SLC7A5 n/a n/a
Negative 183/4/3 n/a n/a
Positive 22/0/0 n/a n/a
SLC7A11 n/a 0.249
Negative 181/4/2 n/a 145 (144-147)
Positive 4/0/1 n/a 142 (135-149)




