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correlated with the elasticity characteristics
of breast lesions?
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Abstract

Background: Shear wave elastography can evaluate tissue stiffness. Previous studies showed that the elasticity char-
acteristics of breast lesions were related to the components of extracellular matrix which was regulated by transform-
ing growth factor beta 1(TGF-B1) directly or indirectly. However, the correlation of the expression level of TGF-31, its
signal molecules and elasticity characteristics of breast lesions have rarely been reported. The purpose of this study
was to investigate the correlation between the expression level of TGF-(1, its signal molecules, and the elasticity
characteristics of breast lesions.

Methods: 135 breast lesions in 130 patients were included. Elasticity parameters, including elasticity modulus, the
elasticity ratio, the “stiff rim sign’, were recorded before biopsy and surgical excision. The expression levels of TGF-f31
and its signal molecules, including Smad2/3, Erk1/2, p38 mitogen-activated protein kinase (MAPK), c-Jun N-terminal
kinase 2 (JNK2), phosphoinositide 3-kinase (PI3K), and protein kinase B (PKB/AKT) were detected by immunohis-
tochemistry. The diagnostic performance of the expression level of those molecules and their correlation with the
elasticity characteristics were analyzed.

Results: Elasticity parameters and the expression levels of TGF- 31 and its signal molecules of benign lesions were
lower than those of malignant lesions (P<0.0001). The expression levels of TGF- 31 and its signal molecules were cor-
related with elasticity parameters. The expression levels of TGF- 31 and its signal molecules in lesions with “stiff rim
sign”were higher than those without “stiff rim sign” (P<0.05). And the expression levels of Smad2/3, Erk1/2, p38 MAPK,
JNK2, PI3K and AKT were correlated with that of TGF- 31. The area under the curve for receiver operator characteris-
tic curve of TGF-31 and its signal molecules in the differentiation of malignant and benign breast lesions ranged from
0.920-0.960.

Conclusions: The expression levels of TGF-B1, its signal molecules of breast lesions showed good diagnostic perfor-
mance and were correlated with the elasticity parameters. The expression levels of signal molecules were correlated
with that of TGF- 31, which speculated that TGF- 31 might play an important role in the regulation of breast lesion
elasticity parameters and multiple signal molecule expressions.
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cancer survivors [3, 4]. At present, mammography is
widely used as the main tool for breast screening. How-
ever, the sensitivity of mammography is relatively low in
women with dense breast tissue, resulting in missed or
delayed diagnosis [5]. Shear wave elastography (SWE), a
newly ultrasound-based technology, can measure tissue
stiffness and provides a qualitatively and quantitatively
interpretable color-coded map [6]. Many studies indi-
cated that SWE had good diagnostic accuracy in the dif-
ferentiation of benign and malignant breast lesions [6—8].

Previous studies showed that the components of extra-
cellular matrix (ECM) were related to the elasticity char-
acteristics of breast lesions, and collagen and elastin in
ECM were important factors that determine the elasticity
of breast lesions [9, 10]. It is reported that the changes
of composition and structure of ECM are mainly regu-
lated by transforming growth factor p (TGF-p) [11, 12].
TGE-B, which is widely distributed in human body, has 3
isoforms, among which TGE- B1 is the most abundant. It
can regulate the processes of cell carcinogenesis, prolifer-
ation, differentiation, apoptosis, metabolism and growth
through TGF-B1/Smad, TGF-pB1/ mitogen-activated pro-
tein kinase (MAPK), phosphoinositide 3-kinase (PI3K)/
protein kinase B (PKB/AKT) and other signal trans-
duction pathways, and participate in almost the whole
process of occurrence, development, invasion and metas-
tasis of breast lesions [13—15]. In addition, TGF-B1 can
directly or indirectly promote the excessive deposition
of collagen and fibrin in ECM, inhibit the degradation
of ECM, and increase ECM stiffness [16—18]. Therefore,
TGF-Bf1, ECM, and elasticity characteristics of breast
lesions are closely related.

However, it is rarely reported whether there is a cor-
relation between TGF-B1, its signal molecules, and the
elasticity parameters of breast lesions. Therefore, the
purpose of this study was to investigate the relationship
of the expression levels of TGF-P1, its signal molecules,
and elasticity parameters of breast lesions.

Materials and methods

Patients

This study was conducted in accordance with the Dec-
laration of Helsinki (as revised in 2013). The study was
approved by the medical ethics committee of our hospital
(No. S2020-336-01), and written informed consent was
obtained from all patients.

135 breast lesions in 130 patients who underwent
ultrasound-guided vacuum-assisted biopsy (VAB) or core
needle biopsy (CNB) or surgical excision (mastectomy,
breast-conserving surgery) after SWE examinations
were included in this study from March 2018 to October
2018. The pathological result was considered as the “gold
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standard” Then the axillary lymph node metastasis of
patients with malignant breast lesions was followed up.

The patients were included if they met the following
criteria: I. Pathological results were obtained by VAB or
surgical excision; II. Patients haven't undergone neoad-
juvant chemotherapy or radiotherapy; III. Patients did
not have other malignant lesions or serious diseases of
the heart, lung, liver, kidney, etc. IV. Patients had com-
prehensive information of clinical, ultrasound, pathology
prognosis and follow-up;

SWE examination

Aixplorer ultrasound system (SuperSonic Imagine, Aix
en Provence, France) with an L15-4 linear array probe
(4.0-15.0 MHz) was used for 2D-SWE examination (scale
0-300Kpa). The SWE examination was performed by an
experienced radiologist (Z.L.W) with more than 15years’
working experience in breast ultrasound. Breast lesions
were located by conventional ultrasound and placed in
the center of the screen. During SWE scan, the probe
was positioned perpendicular, and the probe was main-
tained to a minimum pressure. The patients were asked
to breathe gently during the examination in order to
minimize the motion artifact. The image was acquired if
it was stabilized for 3s. To measure the accurate stiffness
of the lesion, an appropriate region of interest (ROI) was
chosen to cover all parts of the lesion, including the stiff-
est part outside the lesion. Then the maximum elasticity
modulus (Emax), mean elasticity modulus (Emean), min-
imum elasticity modulus (Emin), the standard deviation
of elasticity modulus (Esd) was recorded. The elasticity
ratio (Eratio) of the lesion and the surrounding normal
breast tissue at the same depth was also recorded. The
examination was repeated in five different sections of the
lesion and the mean value of Emax, Emean, Emin, Esd
and Eratio was recorded. The elastography parameter of
“stiff rim sign’, defined as the red area of increased stiff-
ness with or without an open or a closed ring at the edge
of the lesion, was also recorded.

Immunohistochemistry

The samples were fixed in formalin and embedded in par-
affin, and then cut into sections with a thickness of 4 pm,
and then TGF-B1, Smad2/3, Erkl1/2, p38 MAPK, JNK2,
PI3K and AKT expression was evaluated by immunohis-
tochemistry. Image-Pro Plus 6.0 was used for semi-quan-
titative analysis of immunohistochemical results. Five
ROIs were randomly selected from each sample under
the 400x field of view and photographed to measure
the integrated optical density (IOD) and area. The yel-
low area is the positive expression area. Expression levels
of TGE- B 1 and its signal molecules were expressed by
average optical density (IOD/area).
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Statistical analysis

SPSS 26.0, standard version (SPSS Inc., Chicago, IL, USA)
statistical software was used for statistical analysis. The
quantitative data were expressed as (mean = standard
deviation, x £ s) and the qualitative data were expressed
as percentage. The Student’s t-test was used to compare
the differences between groups of quantitative data, and
X° test was used to compare the differences of qualitative
data. Taking the pathological results as the “gold stand-
ard’, the receiver operator characteristic curve (ROC)
of each factor were drawn respectively, and the efficacy
was evaluated by the area under the curve (AUC), and
the cutoff value, sensitivity, and specificity were analyzed,
and the differences among AUC were compared by Z
test. Spearman rank correlation test was used for corre-
lation analysis. Quantile regression was used to estimate
the associations between the TGF- f 1, its signal mol-
ecules and elasticity modules at the 0.05-0.95 quantiles.

Table 1 Comparison of elastic characteristics between benign
and malignant breast lesions

Factors Benign Malignant L) P
lesions lesions
(n = 84) (n =51 )
Emax (kPa)® 5824505 161.9+£79.5 9.276 <0.001
Emean (kPa)® 3594264  996+£519 9433 <0.001
Emin (kPa) 154+£129 2064195 1.287 0.202
Esd (kPa)® 89+79 301+175 9.011 <0.001
Eratio® 21+17 6.0+4.1 7.625 <0.001
Stiff rim sign [n(%)]° 4 (4.8) 38 (74.5) 72030  <0.001

2 statistical significance
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Logistic regression analysis was used to estimate the
associations between the TGE- P 1, its signal molecules
and the “stiff rim sign” P<0.05 was considered as the dif-
ference was statistically significant.

Results

Study population

The age of the patients ranged from 18 to 73 years, with
an average of (44 + 12) years, and the maximum diameter
of the lesion ranged from 0.5 to 3.9cm, with an average
of 2.1cm. Of the 135 breast lesions, 84 (62.2%, 84/135)
were benign, including 32 fibroadenomas, 40 adenoses, 3
intraductal papillomas, 8 inflammatory lesions, 1 benign
phyllodes tumor, and 51 (37.8%, 51/135) were malignant,
including 46 invasive carcinomas, 3 intraductal carcino-
mas and 2 mucinous carcinomas.

Analysis of elasticity parameters of breast lesions

The elasticity characteristics of benign and malignant
breast lesions were shown in Table 1, Fig. 1A, Fig. 2A, and
Supplementary material 1. The Emax, Emean, Esd and
Eratio of benign breast lesions were significantly lower
than those of malignant lesions (P<0.001), but there was
no significant difference in Emin between benign and
malignant breast lesions (P=0.202). Besides, the detec-
tion rate of “stiff rim sign” in malignant lesions was sig-
nificantly higher than that of benign lesions (?<0.001).

Expression levels of TGF- 1 and its signal molecules

in breast lesions

The expression levels of TGF- 1 and its signal molecules
in breast lesions were presented in Table 2, Fig. 1B~H
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Fig. 1 SWE and immunohistochemical images of invasive breast cancer in a 38-year-old woman. A: SWE showed that the Emax was 226.0kPa,
the Emean was 159.3kPa, the Esd was 37.4 kPa, and the Eratio was 20.0, and the “stiff rim sign” can be seen; B~ H: Immunohistochemical staining
showed that the expression of TGF- 31, Smad2/3, Erk1/2, p38 MAPK, JNK2, PI3K and AKT was strong or moderate positive, and the average optical
density was 0.349, 0.342,0.355, 0.172, 0.296, 0.373, 0.324, respectively (x 400)
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respectively (x 400)

Fig.2 SWEand mmunohwstochemlcal images of breast ﬁbroadenoma in a 36-year-old woman. A: SWE showed that the Emax was 6.3 kPa, the
Emean was 4.3kPa, the Esd was 1.1kPa, and the Eratio was 0.6; B~ H: Immunohistochemical staining showed that the expression of TGF- 31,
Smad2/3, Erk1/2, p38 MAPK, JNK2, PI3K and AKT was weak positive, and the average optical density was 0.012, 0.078, 0.032, 0.022, 0.050, 0.090, 0.099,
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Table 2 Comparison of expression levels of TGF-31 and other factors between benign and malignant breast lesions (x£s)

Factors Benign lesions (n=84) Malignant lesions (n=51) t(t) P

TGF-B1° 0.1038 + 0.0092 0.2995 +0.01114 13.300 <0.001
Smad2/3° 0.0745 4+ 0.0497 02511 £0.0754 16.160 <0.001
Erk1/2° 0.1242 4+ 0.0552 0.2547 £ 0.0667 12.300 <0.001
p38 MAPK® 0.0459 + 0.0516 0.2613 +£0.0914 15.930 <0.001
JNK2° 0.1101 4 0.0549 0.2558 £ 0.0720 12450 <0.001
PI3K® 0.1240 + 0.0702 0.3425 4 0.0608 16.640 <0.001
AKT? 0.0741 4+ 0.0546 0.2166 £ 0.0679 13.070 <0.001

2 statistical significance

and Fig. 2B~H. Immunohistochemical staining showed
that TGF- Bl and PI3K were mainly expressed in the
cytoplasm, while Smad2/3, Erkl1/2, p38 MAPK, JNK2
and AKT were mainly expressed in both cytoplasm and
nucleus. And the expression levels of TGF- Bl and its
signal molecules in malignant breast lesions were signifi-
cantly higher than those in benign lesions (?<0.001).

The AUC of the expression levels of TGF-B1 and
Smad?2/3, Erk1/2, p38 MAPK, JNK2, PI3K and AKT for
the differential diagnosis of benign and malignant breast
lesions were 0.931 (0.874—0.967), 0.953 (0.901-0.982),
0.920 (0.861-0.960), 0.957 (0.902-0.986), 0.934 (0.874—
0.971), 0.960 (0.901-0.989) and 0.939 (0.883-0.974),
respectively (Fig. 3). Z test showed that there was no
significant difference among those groups (P> 0.05). The
cutoff value, sensitivity and specificity of TGF- 1 and
its signal molecules for the differentiation of benign and
malignant breast lesions were shown in Supplementary
material 2.

Correlation analysis
The correlation of the expression levels of TGF-B1, its
signal molecules and elasticity characteristics in breast
lesions was shown in Supplementary material 3. Spear-
man test showed that the expression levels of TGF-B1 and
Smad2/3, Erkl/2, p38 MAPK, JNK2, PI3K and AKT were
positively correlated with Emax, Emean, Esd and Eratio
in breast lesions (correlation coefficient=0.879, 0.595,
0.571, 0.562, 0.516, 0.552, 0.619 for Emax, 0.841, 0.549,
0.503, 0.504, 0.516, 0.542, 0.578 for Emean, 0.865, 0.580,
0.566, 0.593, 0.514, 0.559, 0.649 for Esd and 0.746, 0.510,
0.507, 0.506, 0.536, 0.511, 0.550 for Eratio, P<0.0001).
Expression levels of TGF-B1 and its signal molecules
in breast lesions with or without the “stiff rim sign”
were shown in Table 3. Immunohistochemical staining
showed that the expression levels of TGF-B1 and its sig-
nal molecules in breast lesions with “stiff rim sign” were
significantly higher than those without “stiff rim sign”
(P<0.001).
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Fig. 3 ROC curves of TGF-31, Smad2/3, Erk1/2, p38 MAPK, JNK2, PI3K and AKT expression levels in breast lesions for differential diagnosis of benign
and malignant breast lesions

Table 3 Comparison of expression levels of TGF-31 and other
factors in breast lesions with and without “stiff rim sign”(x %s)

Table 4 Comparison of expression levels of TGF-B1 and other
factors in malignant breast lesions with and without axillary
lymph node metastasis (x %s)

Factors Stiff rim sign t(t) P
Yes(n =42) None(n =93)

TGF-B1° 0.3090 £ 0.0682  0.1164 £ 0.0960 11.720  <0.001
Smad2/3° 0.2332 4+ 0.0981 0.1004 4+ 0.0792 8.242 <0.001
Erk1/2° 0.2441 4 0.0831 0.1416 £ 0.0683 7539 <0.001
p38 MAPK® 02429401116  0.0832 £ 0.0998 7.673 <0.001
JNK2? 0.2429 4+ 0.0875 0.1285 4+ 0.0729 7321 <0.001
PI3K® 0321240.0954 0.1692 £0.1096  7.130 <0.001
AKT? 0.20254+0.0886  0.0945£0.0712  7.332 <0.001

Factors Metastasis t(t) P
Yes(n =15) None(n =36)

TGF-B1° 0.3204 4 0.0381 0.2648 £0.0650 2999  0.0048
Smad2/3° 0.2956 4 0.0251 0.2513 £ 0.0628 2.592 0.0136
Erk1/2° 02814400609 02414+00553 2118  0.0410
p38 MAPK® 0.2999 #+ 0.0506 0.2484 4+ 0.0759 2.180 0.0363
JNK2° 02832400627  02415+£0.0507 2063 00478
PI3K® 03396 +£0.0316  03110£0.0459 2094  0.0436
AKT? 02225 £0.0716 0.1704 £0.0713 2154 0.0382

2 statistical significance

The correlation between the expression levels of
TGF-B1 and its signal molecules in breast lesions was
shown in Supplementary material 3. Spearman test
showed that the expression levels of Smad2/3, Erk1/2,
p38 MAPK, JNK2, PI3K and AKT were positively cor-
related with TGF-B1 in breast lesions (correlation
coefficient=0.678, 0.633, 0.645, 0.611, 0.589, 0.663,
P<0.0001).

@ statistical significance

Prediction of axillary lymph node metastasis

Expression levels of TGF-B1 and its signal molecules
in malignant breast lesions with or without axillary
lymph node metastasis were presented in Table 4. The
expression levels of all factors were significantly higher
in malignant breast lesions with axillary lymph node
metastasis than those without axillary lymph nide
metastasis (P <0.05).
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Based on the expression levels of TGF- B1 and its sig-
nal molecules in malignant breast lesions, ROC curves
for the prediction of axillary lymph node metastasis were
shown in Fig. 4. The AUC for TGF-p1, Smad2/3, Erk1/2,
p38 MAPK, JNK2, PI3K and AKT were 0.853 (0.703—
0.946), 0.697 (0.529-0.834), 0.694 (0.527-0.832), 0.706
(0.531-0.845), 0.654 (0.466-0.813), 0.667 (0.493—0.813)
and 0.689 (0.516-0.831), respectively. The cutoft value,
sensitivity and specificity of TGF- B1 and its signal mole-
cules for the prediction of axillary lymph node metastasis
were shown in Supplementary material 4.

Quantile regression analysis

As shown in Tables 5, 6, 7 and 8, the quantile regres-
sion analysis was performed with the expression levels
of TGF- P land its signal molecules in breast lesions as
independent variables and Emax, Emean, Esd and Era-
tio as target variables respectively. At different quantiles,
only the expression level of TGF-f1 always had a sig-
nificant positive effect on Emax, Emean, Esd and Eratio,
while Smad2/3 only had a certain effect on Emean at the
point of 0.75th quartile, a negative effect on Eratio at the
point of 0.45th quartile. Erk1/2 only had a certain effect
on Emean at the 0.75th quartile. Thus, the expression
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level of TGE-P1 is the most important factor to deter-
mine the Emax, Emean, Esd and Eratio of breast lesions.

Logistic regression analysis

Taking the expression levels of TGF-$1, Smad2/3, Erk1/2,
p38MAPK, JNK2, PI3K and AKT in breast lesions as
independent variables and “stiff rim sign” as a dependent
variable, multi-variable logistic regression analysis was
performed. The logistic regression showed the expres-
sion level of TGF-B1 was the main factor determining the
presence or absence of “stiff rim sign” (Table 9).

Discussion

SWE could quantitatively evaluate the elasticity char-
acteristics of breast lesions and more accurately judge
the benign and malignant breast lesions. Our study
showed that there were significant differences in elas-
ticity characteristics between benign and malignant
breast lesions, which were the same as those of previ-
ous studies [7, 19]. In malignant breast lesions, tumor
cells infiltrated into the surrounding tissue, causing tis-
sue hyperplasia and fibrosis, which could lead to the
accumulation of ECM components, rearrangement and
cross-linking of ECM structure, and increased the stiff-
ness of the lesions [20, 21].
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Fig. 4 ROC curves of TGF-B1, Smad2/3, Erk1/2, p38 MAPK, JNK2, PI3K and AKT expression levels in malignant breast lesions for differential diagnosis
of malignant breast lesions with and without axillary lymph node metastasis




Page 7 of 13

(2021) 21:1336

Zhang et al. BMC Cancer

L0'0>dxs ‘SO'0>d« ‘@NjeA 1 319M sasayjualed ul sanjea ay |

(co6'L —) (0s8'L—) (1981 —) (6671 —) (0L£0-)
9670¢ 1 — 608'88 — 98T 16— Y/ G9— (9551 —)e6lTL— Py 0C—  (#PE0) €081 (F¥i0) 2/S61L (0S00—)091€—  (S/F0)618+E OINT
(0901 —) (L#70-) (S/v0-) (cor'L—)
(8¥00—) ¥€8C— 006¥7— (1250) 6£9CC (901'1) 685'S¥ ((¥60) 899/ (0S0°0) 0LET 4902~ 61— (9800) /9% GLE69— MdVIN 8gd
(€190-) (1L70—) (081 —) (0560—) (0080 —)
(8€€0) /8F€C (1600—) €95V — (63810) L0L6 (8¥£0) 0€69L  (6£C0—)SLTLL— SLTyE— 6709¢— v0/S— 19— G0E'65— MEld
(€680—) (r260—) (8650 —) (6990-)
(¢600) £5¥9 (€200) €81°L 9919p— ObESy— (6001 =) 92 Lv— 699°¢€— 6502~ (LOL'0—) CZSv— #9€0) 159€C  (SLL'L)¥L19L IV
(ceeL—) (€cz0—)
(€210) 1L96 (658'1) 8986 (0v6'L) 69086 (€€0'L) 05295 (cev0) ¥16'CC  (8550)9€C’SE  (£€0°0) €8T §/599— €CTol— (ELU) Svbv/—  €/¢pewWS
(9z€0-)
(L5€0—) vLE8T— (9410) 2LO0L oL6L— (8C10)SELY (5910)8/88  (€80°0) LLES  (8950) Tv6'SE (OvL20)9¢L'L€ (cezoycelZL (LIvL) L£00TL /113
(xx99€'G1) (xxS0€'S1) (xxC16'GL) (xx6£9C1) (GLELL) (xx967°€1) (xx880%)
(xx65871) LOV'8€8 ETHT9 G85'/€9 67€609  (+xl9SSL) €vL'€6S [16'G/5 68/'805 PS818Y («x6152) E0CT6E 1879rC lg-491
(0£6'0) 69C°CL (192£°0) 8269 (€£20)91TL (6¥50) €£8F (¥S60)5918  (0CS0)€6¢S  (612°0)80CC (5220) 268G (£8£°0) 9¥T6 (S90°0) 6/80  IURISUOD
S6'0 S8'0 S0 S9'0 S50 (741) GE0 ST0 SL'0 S0°0
EEI[UERIEY] si03oeq

IV PUBMELd "DINT MdVIN 8€d 7/ 13143 '€/ZprWS ‘| ¢ -4D 1 JO $|9A3] UOISSaIdXa 9yl pue Xewld JO S}nsal SisAjeue uoIssaibal 3jnuen) § ajqer



Page 8 of 13

(2021) 21:1336

Zhang et al. BMC Cancer

L0'0>dxx ‘SO'0>d« ‘@NjeA 1 319M sasayiualed uj sanjea ay |

(€z€0-) (9290-) (oLe0-) (L£€0—) (9490-)
(£2£0) SE1'8C [MYAIES (026'0) Th6'cE (£61°0) 2108 8Tt~ ¥SE6— (0500)926'L 786'G1— 8G/0€— (106'1) 7156 OINM
(1550-) (¢500-)
(9g8'1) 916161 (6v£7) L6558 (8L€'1) LO9EY (S872°0) 0¥6'6  (£0C0—)8009— (65C0—) ¥0L'9— 8L — (¥92°0) S€£01 1207~ (8181 —) ¥¥8'8— MdVIN 8¢d
(1921 -) (LLyL—=) (e —) (0£80-) (6590—) #€50-) (8¥50—) (rre0—)
0LL9L1 — S/1'E9— S90S — [18'66— 55Tt~ 9691 — (150°0) 1S0°C Ll¥C'9C — 668GL— (Ll6L—)ClL6— MEld
(€eeL—) (69%°0—) (80L'L—) (966'0 —) (6870—)
L2o/LL— oLgoz— el — (6ELL—)06/S—  (SOV0) ¢L6EL (191°0) 996 oLcor— G86'EL— (1LT'1) T/68S (861°1) €¥6'9 IV
(0650—) (8¥6'L—)
(8€£'1) 545 /91 (808'1) 82L/8 (+x0SS€) vr/ 6¥L (0060) ve6ve  (l26'l)SScys  (L6€L) LIO8y  (9L€1) 1565 (€250)0l€8C 09%'6C — LOV0L—  €/zpews
(S8€°L—) Fep'L—) (x£01'C—) (oze'L—) (9/90-) (Ltro-) 627°0—)
YS8LEL — L6€0/— 6£6'68— S99 — 9Ev'9C— 66811 — SP96L— (£600) LE€'S (8LS0) tveLe (698'1) ¥E1'6 /13
(xxESELL) (xxE6¥L 1) (+x88°L 1) (xx€25CL) (xx/¥80Y)
(xx100'7) ¥91'€8¢C S/¥'96¢ 0/887€ (xE16%6) L16'1EE 6/€0€€ CLOLLE (xbOV'6) £81'90€  (xx8L0°2) 8Y8'SLT (+x€LTL)99L°CLT 0v/'S9L lg-4o1
(1 €€€) LS8TS (PP 65161 (€68'1) £88°CL FL11) 7188 (6Tl'L) ¥0L (LE60)6LTS (S£5°0)906'E (£090) TOE'S (FL90) €S1'S  (w¥927) SLGT  RISUOD
S6'0 S8'0 SL'0 $9°'0 S50 (40] SE0 sT0 SL0 S0°0

L] [SUERIEN sl10)oe4

1V PUBMEId "TINT MdVIN 8€d 7/ 1343 ‘€/ZprWS ‘| ¢ -4D 1 JO $|9A3] UOISSaIdxa 9yl pue ueawd JO S3Nsal sisAjeue uoissalbal ajnuend 9 ajqeL



Page 9 of 13

(2021) 21:1336

Zhang et al. BMC Cancer

L0'0>d s« ‘'S0°0>d« ‘ON|EA 1 319M S9sayIualed ul sanjeA ay |

(901 —) (Lrr 1) (r€60-) (9€20-)
(¢L1°0) 595 (Or10) 596'6 Sl68l— 879YT— 9£9G1— G/STl— (291'0—) 1S0T— (LLv0)veLs (€£90)Gl6L (06V'1)9CTLL— OINT
(8€6'0—)
(€0l —) 98¢ 67— €.08l— (0010) ££S'L (¢/80) 608°CL (S82°0) L¥ELL (61£0) L6501 (b20'L) SOT'LL (#86°0) LOZOL FLEL) OvEEL (8EL'L) OL¥'S MdVI 8¢d
(1500-)
(61€0) G96°€L (1990) cTl ¥l (cLi)eLe6l (€€0'1) 9891 (£90°1) £60°LL (1£90) 79601 (€970) s8l'€ 0650— (585°0) 8459 (€91'L —) S€€9— MeEld
(0690-)
(L€0—) vEOT— OL1°0) S8FT (6££°0)SLEEL 6/TLL— (88%Y0—)8¥8/— (LE£T0—)S68¢€— (LT1°0) LPS'L (S1Z0) 78¥T (TCe0—)Se9€— (€S9 1) ZSLLL IV
(9881 —) (tev'1—)
(cle'l) €0s°L8 (€05°0) £E8TL (cesl) 9l Le Lol eLs6l (89€°0) 9¥0'L (€800 6191 (€20°0) 6€€0 (90£0—) S6L+— EEST— SCTOL—  €/zpews
(86170 —) (1£90-) (1680—)
(£0¥°0) 98181 (#81°0) LOO'S (1610—) LELY— (PEEO—)0L69— ovl0L— (LEL'0—)SE8T— LECOL— (€590—) LTS6— LeLel— (85/°1)982CL /143
(xxQ¥¥' L) (xxLEEL)
GLLTDOPOLLL [L9TEL €0EP0L  (xx987°8) 66STLL  (xx6058) LOS'ELL (++£108) 8TE60L  (xx1052) 0T6'SL  (xx845°9) T60'€9  (xx£0S2) 6EV'0L  (xx9V6'F) 08¥'TC lg-4o1L
(6¥00—)
(Ccv00—) S087— (€0S0—)¥61C— (€0L0—)9p¥C— (€T¥0—) SOV L— (#790—) €¥0T— (£540—)9TST— 0zlo— (951°0) £9€0 (LLEO—) ¥LLO— (#/¥0) £2S0  1uRISUOD
S6°0 S8'0 SL0 590 SS°0 (741} SE0 ST0 SL'0 S0°0

S9UadIdd  SJ0)deq

IV PUB MELd ‘DINT SIdYIN 8€d '/ 113 '€/ZPPWIS 'L ¢ 491 JO S|2A3] UoIssaidxa ay) pue ps3 Jo s1nsal siskeue uojssaibal ajuend £ ajqey



Page 10 of 13

(2021) 21:1336

Zhang et al. BMC Cancer

L0'0>d s« ‘'S0°0>d« ‘ON|EA 1 319M Sasaylualed Ul sanjeA ay |

(11S0) 0€C9¢C (86C°0) €9¥'S (696°0) LEOE (cer)esLy (9190) 9¢€C (CLL0)€9LL (6v71°0) L££O (¢sS0)8vLL (lzLo)vsee (€0S1) Ove'S OINP
(90£0—) (0€90—) AdVIN
(£110)920°G (2€l'0—)9S0C— (¢S€0—) €€60— (£550—)0L0C— (L¥T0—) ¥/L0— (100l —)¥OLCT— lZS1l— (860 —) Le€L— (£E1°0) S8€0 cLre— 8¢d
©6l'lL—-) (82£0—)
(¥SC0—) 600€L— (szeo) Ly (C191) €v0'S (czel) €695 (60C1) S06°€ (reCl) 8ece (005°1) 808°€ (#06°0) 798°C (Y90 — %YL — Aeld
(S6C0—) 8eTSL— (L0T0) LEgE (coro)siee (9e£0) 091°€ (8/80) 19€°€ 6811) LL6T (L¥1°0)9L€0 (S/€0)961°L (s vvee (005°1) 846G v
(x61CC—) (VAza (€€S'L—)
#9L0) 18V ¥y (L¥C0—)¥10S— (B8SL'L—)ELLy— (F0S0—)SEVT— (1Sl —)6kC9— [474° ¥65€— (0€C'L —) Oy v— LSLS— (LYl —)65€9— €/Zpews
(€990 —) vrl'6€— (Ev00) €160  (100—) LE00— (€8£0—) L¥8E— (1980—)99/€— (£ST1—) L6S€— (0£10—) 66¥0— (890°0) 670 (8¥9'1) 98C9 (809°0) LLLT /3
(exL€LL) 9 OLL  (xx6€€L) 98661 (xxSTLL)OTLBL  (xx99€W) €TL'SL  (xx0¥8%) 8T6FL  (xx89LL) ¥SOSL  (xx0C89) T80FL  (xx61¥%) 8LE LI (x6050) LSL9  (x109%) €€6°EL 1d-4o1
(6£00-)
(ly0) 9€Cy  (S€00—) 6L1°0— (9€1°0) 080°0 (¥82°0) 920 (086°0) 5690 (£890)61€0 (¢81°0) £800 (£L00) S¥00 (9760 —) 9850— 8500 — 3IURISUOD
S6°0 S8°0 SL°0 S9°0 SS°0 S0 S€0 ST0 sL'o S0°0

S9|UaIdd  S10)de4

IV PUB Mgl TINT SdVYIN 8€d 2/ 1443 “€/2PewS 'L g 491 JO S|9A3| UOISsaIdxa SU1 pue Oneld JO s)Nsal siskjeue Uoissaibal anueny g ajqey



Zhang et al. BMC Cancer ~ (2021) 21:1336

Page 11 of 13

Table 9 The results of logistic regression analysis for determining the presence or absence of “stiff rim sign”

Factors B S.E. Wald P OR OR 95%Cl

TGF-B1° 17.049 5.005 11.602 0.001 25,372,088.366 1392.462-462,305,423,321.366
Erk1/2 —3.985 7253 0.302 0.583 0.019 0.000-27,728.468

Smad2/3 —5.140 6.000 0.734 0.392 0.006 0.000-750.258

AKT 6.854 5.871 1.363 0.243 947.442 0.010-94,159,513.24

PI3K 6.766 5.802 1.360 0.244 867.749 0.010-75,402,659.43

p38 MAPK —1.128 4.253 0.070 0.791 0324 0.000-1348.379

JNK2 2.039 5253 0.151 0.698 7.686 0.000-227,464.510

Constant ® —5977 1.501 15.851 0.000 0.003 -

@ statistical significance

Our study found that the expression levels of TGF-B1
and its signal molecules in malignant breast lesions were
significantly higher than those in benign breast lesions.
It was reported that TGF-f had both inhibitory and pro-
moting effects on tumor cells [22]. In the early stage of
tumorigenesis, TGF-p could induce tumor cell apopto-
sis and inhibit tumor growth through the TGF-/Smad
signal pathway. But the level of TGF-p3 was elevated by
the secretion of most cancer cells in the late stage, and
thus promote the occurrence and development of tumor
[23]. The proliferation and invasion of cancer cells led
to the activation of TGF-B1 and the increase of TGF-$1
expression, which affected the growth of cancer cells and
promoted the transformation of normal fibroblasts into
cancer associated fibroblasts (CAFs) [24, 25]. CAFs could
interact with cancer ECM to promote the growth, devel-
opment, invasion and metastasis of cancer, which further
increased the expression level of TGF-B1. TGF-$1 partic-
ipate in almost the whole process of occurrence, develop-
ment, invasion and metastasis of breast lesions through
TGF-B1/Smad, TGF-B1/MAPK, PI3K/AKT and other
signal transduction pathways. Thus, the expression levels
of TGF-B1 and its signal molecules in malignant breast
lesions were higher than those in benign lesions. These
also explained why the expression levels of TGF-f1 and
its signal molecules in malignant breast lesions with or
without axillary lymph node metastasis were significantly
different.

This study also showed that the expression levels of
TGF-B1 and its signal molecules in breast lesions had a
certain value in the differential diagnosis of benign and
malignant breast lesions, suggesting that TGF-f1 and its
signal molecules might be used as new indexes for differ-
ential diagnosis of benign and malignant breast lesions
and breakthrough points for clinical diagnosis and
treatment.

In our study, the expression level of TGF-B1 was found
to be correlated with Emax, Emean, Esd, Eratio, and the
expression level of TGF-P1 in breast lesions with “stiff

rim sign” was significantly higher than those without
“stiff rim sign” According to previous studies, TGF-B1
could promote the activation and production of CAFs
[24, 25]. CAFs mainly synthesize and secrete ECM pro-
teins and proteins related to ECM remodeling, which in
turn promotes the excessive accumulation of ECM com-
ponents and the remodeling of ECM structure [17, 25,
26]. TGF-P1 could also directly stimulate the synthesis
and cross-linking rearrangement of collagen, elastin and
laminin, and inhibit the activity of enzymes that degrade
ECM components, leading to excessive accumulation of
ECM components and structural changes of ECM [21,
27]. In addition, TGF-B1 could improve cell adhesion by
promoting cancer cell synthesis and secretion of a vari-
ety of proteases, resulting in cancer cells adhering to the
surrounding breast stroma and adipose tissue, and thus
reduced lesion activity and increased lesion stiffness [28].

Our study also found that the expression levels of
Smad2/3, Erk1/2, p38MAPK, JNK2, PI3K and AKT in
breast lesions were correlated with that of TGF-B1, which
further suggested that TGF-f1 might indeed participate
in almost the whole process of occurrence, development,
invasion and metastasis of breast lesions through signal
transduction pathways such as TGF-f1/Smad, TGF-p1/
MAPK, PI3K/AKT.

One of the important factors affecting the prognosis
and 5-year survival rate of patients with malignant breast
lesions was whether they had lymph node metastasis,
especially axillary lymph node metastasis [29]. Our study
showed that the expression levels of TGF-B1 and its sig-
nal molecules in malignant breast lesions had a certain
value in predicting axillary lymph node metastasis, which
is of great significance for axillary lymph node dissection
in the clinical operation of malignant breast lesions.

It was also found in the study that the expression level
of TGF-p1 was the main factor affecting the elastic-
ity characteristics of breast lesions, and the expression
level of TGF-P1 was the independent risk factor for the
presence of “stiff rim sign’, which suggested that TGF-p1
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might play an important role in the regulation of elas-
ticity characteristics of breast lesions. TGF-f1 might
become a breakthrough point for differential diagnosis of
benign and malignant breast lesions and a potential tar-
get for treatment.

There are some limitations in this study. Firstly, the
main components of ECM such as collagen fibers and
elasticity fibers were not detected, so the correlation of
collagen fibers, elasticity fibers, the expression levels of
TGF- B1, signal molecules and the elasticity character-
istics of breast lesions were not analyzed. Secondly, only
the expression levels of signal molecules were stained,
which indicates neither the activity of these factors nor
activation of these factors by TGF-B1. Future studies
need to focus on using antibodies against phosphoryl-
ated residues of such signaling molecules in order to
indicate the activation of these factors. Thirdly, the main
purpose of this study is to investigate the correlation of
all the above-mentioned factors, the combined diagnos-
tic performance research was not conducted. Therefore,
the next step is to carry out the above three aspects of
research, in order to make the study more in-depth and
comprehensive.

The expression levels of TGEF-B1, signal molecules
of breast lesions showed good diagnostic performance
and were correlated with the elasticity parameters. The
expression levels of signal molecules were correlated
with that of TGF- B 1, which speculated that TGF- B 1
might play an important role in the regulation of breast
lesion elasticity parameters and multiple signal molecule
expressions.
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