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Abstract

The use of Aquafilling can be associated with a variety of health complications. The filler is an in-
flammatory process trigger at the site of tissue contact. The aim of this study was to semiquantitatively 
compare the immunohistochemical expression of E-cadherin and N-cadherin in tissue material from 
two groups of patients. The first group underwent surgical removal of Aquafilling from the breast, while  
the second was subjected to breast augmentation with implants or breast lifts (control group). 

The study group consisted of tissue samples from 16 patients who had Aquafilling removed, while 
the control group comprised samples from 16 patients who underwent breast augmentation with im-
plants or breast lifts. Histopathology, immunohistochemistry and morphometric analyses were per-
formed, taking into account the number of immunopositive cells and also the immunohistochemical 
reaction area for E-cadherin and N-cadherin.

There were significantly more immunopositive N-cadherin cells in both groups. The immunohisto-
chemical reaction area for N-cadherin did not differ between the two groups. However, the immunohis-
tochemical reaction area for E-cadherin was significantly larger in the test group than in the control 
group. Moreover, the reaction area for N-cadherin was significantly smaller than that for E-cadherin. 
In the control group, no significant differences were detected between the immunohistochemical reaction 
area for N-cadherin and E-cadherin. Immunohistochemical evaluation of N-cadherin and E-cadherin 
tissue expression may be useful in assessing early cell junction changes. Furthermore, semiquantitative 
morphometric analysis allows these alterations to be more precisely determined.
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Introduction
The use of Aquafilling is often associated with vari-

ous health complications, such as breast deformity, filler 
migration, mastalgia, palpable hypoechoic lumps, breast 
tenderness, breast abscess, breast fistula, and inflammation 
of the mammary glands. The main clinical concern associ-
ated with these risks is the effective removal of Aquafilling 
from all tissues that come into direct contact with the filler 
[1-6]. The filler is an inflammatory process triggered at 
the site of tissue contact. This raises concerns about the 
possibility of tumor formation at both direct injection sites 
and the site of product migration.

To evaluate the validity of this notion, we compared 
the immunohistochemical expression of E-cadherin and 

N-cadherin in patients who underwent surgical removal of 
Aquafilling from the breast, with patients after breast aug-
mentation with implants or breast lifts. Lowered E-cadherin 
and simultaneously increased N-cadherin expression were 
previously associated with epithelial-mesenchymal transi-
tions (EMT), a mechanism crucial in carcinogenesis. While 
more than 30 types of trans-membrane cadherin molecules 
are involved in this process, the effects of E-cadherin and 
N-cadherin are currently the best described [7-9]. 

However, the opinions of researchers regarding Aqua-
filling treatment are still inconclusive. Most of them con-
sider filler removal from the injection site as an absolute 
necessity. However, there is no clear indication as to whether 
this treatment is sufficient or if subcutaneous mastectomy 
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is required as a definitive solution to the problem. Total 
subcutaneous mastectomy takes away a woman’s ability to 
lactate, and many patients who have undergone Aquafilling 
treatment are still of reproductive age. It is also important to 
remember that breast fat is an endocrine organ that secretes 
e.g. adipokines, cytokines, chemokines, and growth factors 
[10]. A total of 359 unique proteins expressed by that tissue 
have been identified, controlling a broad range of cellular 
processes. These include signal transduction and cell com-
munication, energy metabolism, protein metabolism, and the 
immune response. In addition, mammary adipose tissue is 
a reservoir of interstitial fluids that contain both locally se-
creted molecules and those assimilated from distal sites [11].

Proteomic analysis of adipose tissue and its interstitial 
fluid revealed the presence of signaling molecules, cyto-
kines, hormones, and growth factors.

The main function of adipocytes is to store energy in 
the form of lipids. Hence, the detected proteins play a role 
in energy metabolism. Adipocytes show a pro-inflamma-
tory effect by secreting cytokines (interleukin: IL-6, IL-8, 
IL-10, transforming growth factor [TGF], tumor necrosis 
factor [TNF], nerve growth factor). Factors enabling fat 
expansion have also been found. These include epidermal 
growth factor, fibroblast growth factors, hepatocyte growth 
factor, TGF, and leptin, as well as tissue metalloproteinase 
inhibitors (TIMP-1 and TIMP-2), which inhibit the activity 
of metalloproteinase. Moreover, they produce angiogenic 
factors (vascular endothelial growth factor, angiogenin, 
angiopoietin-2).

A very important mechanism occurring in adipose 
tissue is apoptosis, which plays an important role in both 
adipocyte development and homeostasis. The number of 
adipose tissue cells is regulated, at least in part, by an 
apoptotic signaling pathway involving caspase activation. 
In the study by Celis et al. they identified several compo-
nents of the caspase cascade (caspase-3, -6, -7, -8, -10, -11) 
as well as others such as apoptosis-inducing factor, Smac/
DIABLO, Bcl-x, and Bcl-10 and components of the death 
receptor signaling pathway (Fas and DAXX) [11].

There are also transcription factors (c-Jun, c-Myc, and 
E2F1) in adipose tissue, which are responsible for the ad-
ipogenesis process. The ubiquitin-like protein (NEDD8) 
has also been found to control the activity of the ubiquitin 
ligase complexes of the stem cell factor. Consequently, it 
may be a modifying factor for the suppressor proteins p53 
and Mdm2 and lead to the formation of cancer [11].

Based on the above, which are only some of the pro-
teins present in breast adipose tissue, it can be concluded 
that the biology of adipocytes is complex and multifaceted. 
Due to the lack of complete knowledge of the mechanisms 
occurring in the breast adipose tissue, any external interfer-
ence may cause complications that are difficult to predict.

Inflammation is the immune system’s biological re-
sponse to various factors that can induce an acute or chron-

ic response. The inflammatory response is dependent on 
the type of inducing stimulus. However, regardless of the 
causative agent, it shares the following steps: recognition 
of the harmful agent by cell receptors, activation of in-
flammatory pathways, the release of inflammatory mark-
ers, and recruitment of inflammatory process cells [1, 12].  
Inflammation damages the extracellular matrix and de-
creases cell adhesion [13].

In turn, cell-cell adhesion is a key component of epi-
thelial tissue integrity and homeostasis during the response 
to various types of damage. Loss of cell adhesion and ac-
quisition of mesenchymal features are part of a phenom-
enon known as epithelial-mesenchymal transition (EMT) 
[14]. It is observed in both physiological and pathological 
processes. Due to biochemical changes, cell-cell connec-
tions are lost, increasing their mobility. Consequently, 
they gain the ability to migrate. Key molecules involved 
in intercellular interactions include integrins, selectins, 
cadherins, trans-membrane proteins, and trans-membrane 
adhesion molecules of the immunoglobulin superfami-
ly. Epithelial phenotype proteins of decreased levels are 
among the typical markers of EMT, such as E-cadherin. 
At the same time, as a result of mesenchymal cell feature 
acquisition, elevated N-cadherin activity, among others, is 
observed during EMT. This mechanism can occur during 
tissue regeneration and remodeling under the influence of 
inflammatory factors [15, 16].

N-cadherin is a calcium-dependent single-chain 
trans-membrane glycoprotein that also mediates cell adhe-
sion. It plays an important role in the developmental and 
functional regulation of the nervous system, brain, heart, 
skeletal muscle, blood vessels, and hematopoietic micro-
environment. However, abnormal expression of N-cad-
herin has been described in many malignancies such as 
lung cancer, breast cancer, prostate cancer, and squamous 
cell carcinoma. It is increasingly recognized that abnormal 
N-cadherin expression is closely associated with aspects 
of human malignant tumor progression such as transfor-
mation, adhesion, apoptosis, angiogenesis, invasion, and 
metastasis [17].

E-cadherin is a transmembrane glycoprotein that forms 
anchoring junctions by linking with the cadherins of neigh-
boring cells, providing connection points between their 
cytoskeletons. The cytoplasmic ends of cadherins bind to 
catenins, which connect actin filaments to actin-binding 
proteins. Due to these properties, E-cadherin plays a role 
in inhibiting tumor formation. Hence, dysregulation of its 
expression leads to carcinogenesis [18].

This study aimed to semiquantitatively compare the 
immunohistochemical expression of E-cadherin and 
N-cadherin in tissue material from two groups of patients. 
The first group underwent surgical removal of Aquafilling 
from the breast, while the second was subjected to breast 
augmentation with implants or breast lifts.
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Material and methods

Population

The study group consisted of tissue samples from  
16 patients who had Aquafilling removed, while the con-
trol group comprised samples from 16 patients who un-
derwent breast augmentation with implants or breast lifts.

The mean age of the women in the study group was: 
33.6 ±6.69 years (mean ±SD), 36 (median), 21-46 (range). 
Furthermore, the time elapsed from injection of Aqua-
filling to its removal by surgery was: 43.4 ±16.7 months 
(mean ±SD), 38 (median), 12-81 (range). 

The volume of Aquafilling filler applied to the breasts 
of women in the study group ranged from 100 ml to 260 ml.

Morphological and biochemical parameters 
(before operation)

Morphological parameters, namely leucocyte, eryth-
rocyte, monocyte counts, and hemoglobin levels, were 
assessed in all patients. 

Biochemical parameters, namely C-reactive protein 
(CRP), urea, creatinine level, activated partial thrombo-
plastin time (APTT) and international normalized ratio 
(INR), were assessed in all patients.

Histological examination

The tissue material was prepared according to the stan-
dard histological procedure. Slides for histopathological 
evaluation were stained with hematoxylin and eosin.

Immunohistochemical studies
Immunohistochemical studies were performed accord-

ing to the procedure indicated by the manufacturer – Vec-
tor Laboratories (user guide).

The 4 µm thick sections were deparaffinized and then 
rehydrated with xylene and a series of alcohols. Antigens 
were retrieved at 96˚C for 20 min, in Vector Antigen Un-
masking Solution, Citrate-based, pH 6.0 (H-3300). En-
dogenous peroxidase activity was blocked in BLOXALL 
blocking solution for 10 minutes.

Non-specific binding was blocked in 2.5% normal 
horse serum from the ImmPRESS Horse Anti-Rabbit IgG 
PLUS Polymer Kit Peroxidase reagent kit (Vector Labora-
tories, CA, USA, MP-7801) for 20 min. Furthermore, the 
serum excess was removed from the samples. In the next 
step, the samples were incubated for 30 min, at 37˚C, with 
a primary Rabbit polyclonal E-cadherin antibody (bior-
byt-orb323260, 1 : 200 dilution) and Rabbit polyclonal 
N-cadherin antibody (biorbyt-orb11100, 1 : 50 dilution). In 
the next step, the slides were washed in a phosphate-buff-
ered saline (PBS) buffer for 5 minutes. They were then in-
cubated for 30 minutes with the ImmPRESS reagent. Next, 
the slices were washed for 2 × 5 minutes in PBS buffer. 
After the buffer was removed from the slides, they were 

incubated in ImmPACT DAB EqV working solution until 
the desired staining was achieved. Then, repeated wash-
es in PBS buffer were performed for 2 × 5 minutes. The 
samples were stained with hematoxylin. Finally, the slides 
were dehydrated in a series of alcohols, and xylene and 
cover slides were mounted.

E-cadherin and N-cadherin immunohistochemical reac-
tions were used as a positive control of liver cancer (E-cad-
herin) and breast cancer (N-cadherin) tissue material.

Negative controls for the immunohistochemical reac-
tions were the aforementioned positive control prepara-
tions untreated with the respective primary antibody.

Morphometric analysis

Morphometric analysis was based on the evaluation of 
microscopic images, using automatic processing and anal-
ysis of the immunohistochemical reaction images obtained. 
The analysis was performed using the commercial cellSens 
dimension software from Olympus [1].

The morphometric analysis included the number of 
cells immunopositive for E-cadherin and N-cadherin, as 
well as the area of immunohistochemical reactions.

Five images of the field of view were taken for each 
sample at a total magnification of 40×. For this purpose, 
an Olympus BX 43 light microscope and an XC 30 digital 
camera were used. Phase analysis of the stained prepara-
tion was performed according to the program, consisting of 
automatic detection of objects based on their color (brown 
DAB-3.3 chromogen). Based on the threshold values in-
troduced, the software performed automatic classification. 
The microscope had previously been calibrated using 
a computing program. The surface area values obtained 
were expressed in µm2.

Statistical analysis

The collected data were characterized by study and 
control group (n = 16 for both groups) – the mean and 
standard deviation were given for each variable, togeth-
er with the median and quarter deviation if the results of 
statistical tests of the compared variables were presented.  
To perform a comparison between a group (test or control) 
and N-cadherin and E-cadherin, a two-factor analysis was 
performed in a mixed design with consideration of the in-
teraction effect – with the group serving as the fixed factor 
and the type of cadherin as the repeated factor. Detailed 
comparative analyses were performed using the Wilcox-
on W test for dependent variables (comparisons between 
cadherin types) and the Mann-Whitney U test for inde-
pendent variables (intergroup comparisons). The bivariate 
analysis additionally provided information about the inter-
action effect: whether the differences at each level of the 
two variables were significantly different from each other 
(e.g., whether the difference between immunohistochemi-
cal responses and immunopositive cells for E-cadherin and 
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N-cadherin was detected for only one group or whether the 
difference was similar in both groups) and how strong this 
possible effect was. The strength of the effect was charac-
terized by the η2 coefficient (eta square).

The Statistica 13.3 statistical package (StatSoft, Tulsa, 
USA) was used to evaluate differences in the number of 
immunopositive cells and the immunohistochemical reac-
tion area.

Institutional review board statement

The study was conducted in accordance with the guide-
lines of the Helsinki Declaration and was approved by  
the Bioethics Committee of the Medical University of 
Karol Marcinkowski in Poznan (protocol code no. 682/21 
from 6 October 2021).

Results

Morphological and biochemical parameters 

Before surgery, morphological and biochemical param-
eters were assessed in all patients and found to be within 
the reference ranges.

Histopathological examinations

None of the breast tissue samples taken showed neoplas-
tic changes on histopathological examination. In addition, 
fragments of the mammary gland with fibrosis and lym-
phocytic infiltration were visible in part of the examined 
tissue material (Fig. 1). Alkaline, homogeneous Aquafilling 
filler was found within the adipose, connective, and skele-
tal muscle tissue. On histological examination, Aquafilling 
appeared as abundant masses or numerous but small foci.

Morphometric analysis

A summary of the average level of particular E-cad-
herin (Fig. 2) and N-cadherin (Fig. 3) immunopositive cell 
parameters and the difference between the two cell types 
by study and control group are presented in Table 1.

The effect of interaction between the group and cell 
type for the Cell number variable did not show statistical 
significance (F(1, 157) = 0.27, p = 0.602) – the number of 
N-cadherin and E-cadherin immunopositive cells was not 
significantly different between control and study groups  
(p = 0.720 for N-cadherin and p = 0.231 for E-cadherin). In 
contrast, both groups had significantly more N-cadherin than 
E-cadherin immunopositive cells (p = 0.006 for the study 
group and p < 0.001 for the control group) (Table 2, Fig. 4).

The interaction effect between group and type of im-
munohistochemical reaction for the Sum (Area) variable 
was statistically significant (F(1, 157) = 3.99, p = 0.047) 
– the immunohistochemical reaction area for N-cadherin 
did not differ between the two groups (p = 0.270), while 
the immunohistochemical reaction area for E-cadherin was 

Fig. 2. Immunohistochemical reaction. Tissue expression 
of E-cadherin. Magnification 100×

Fig. 3. Immunohistochemical reaction. Tissue expression 
of N-cadherin. Magnification 100×

Fig. 1. Inflammatory granulation tissue with necrotic foci 
and numerous small foci of Aquafillingx deposits (blue) 
(H&E, 400×)
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significantly larger in the test group than in the control 
group (p = 0.021). A significant difference between the 
immunohistochemical reaction areas was detected in the 
study group (p < 0.001). Moreover, the reaction area for 
N-cadherin was significantly smaller than that for E-cad-
herin. In the control group, no significant difference was 
detected between the immunohistochemical reaction area 
for N-cadherin and E-cadherin (p = 0.164). The strength 

of this interaction effect was η2 = 0.02, which indicated 
a weak effect of the confirmed interaction (Fig. 5).

Discussion
In the studied tissue material from 16 patients who un-

derwent surgical removal of Aquafilling, no neoplastic le-
sions were found on histological evaluation. Nonetheless. 

Table 1. Characteristics of the mean level of the examined parameters in the study group and control group 

Variable Study group
X
–  

±SD
Control group

X
–  

±SD

Number of cells – N-cad 1586.5 ±926.43 1605.47 ±707.25

Sum (Area) (µm2) – N-cad 72319.3 ±64601.7 80714.2 ±64975.49

Number of cells – del –355.9 ±1604.41 –466.15 ±982.12

Number of cells – E-cad 1230.6 ±1269.45 1149.84 ±723.16

Sum (Area) (µm2) – E-cad 113694.3 ±63443.15 92751.09 ±67256.21

Sum (Area) (µm2) – del 41375 ±92731.71 12039.25 ±92560.27

X
–
 ±SD – mean ± standard deviation 

Table 2. Bivariate analysis of the mean level of the studied parameters (comparison of variables between control and 
study groups and between immunohistochemical reaction area for N-cadherin and E-cadherin separately for both groups)

Variable Study group n = 16 Control group n = 16 P-value for intergroup 
comparisons (study vs. control)

Me ±Q Me ±Q

Number of cells – N-cad 1548.5 ±686.5 1565.5 ±551.5 0.720

Number of cells – E-cad 822.5 ±564.75 1026 ±482.5 0.231

P-value for comparisons between cells 
(N-cad vs. E-cad)

0.006 < 0.001

Sum (Area) (µm2) – N-cad 64207.2 ±46367.16 62403.77 ±37318.03 0.270

Sum (Area) (µm2) – E-cad 86030.64 ±38059.45 822.5 ±564.75 0.021

P-value for comparisons between cells 
(N-cad vs. E-cad)

< 0.001 0.164

Me ±Q – median ± quartile deviation (Q3-Q1)/2

Fig. 4. The effect of interaction between group and cells 
for the number of cells variable
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patients exhibited an aggressive inflammatory profile with 
long-term complications.

Chronic inflammation can be caused by a variety of 
biological, chemical, or physical factors. This, in turn, is 
associated with an increased risk of several types of cancer. 
Epidemiological and experimental data support the link be-
tween chronic inflammation and cancer formation. Exam-
ples include inflammatory bowel disease (Crohn’s disease, 
ulcerative colitis), associated with an increased risk of colon 
adenocarcinoma, as well as links between chronic pancreati-
tis and increased incidence of pancreatic cancer [19].

According to information from its producer, BIOTRH 
s. r. o., Prague, Czech Republic, the Aquafilling filler is 
a hydrophilic gel consisting of 98% saline and 2% poly-
amide [20]. When introduced into the human body, it can 
trigger a response from the immune system. Polyamide is 
recognized as a harmful exogenous agent by cellular re-
ceptors at its injection site. Once it is recognized, inflam-
matory pathways are activated, and markers are released 
that cause recruitment of inflammatory process cells. 
Based on the results of previous studies, the presence of 
chronic inflammation and very high numbers of immune 
cells (B lymphocytes, T lymphocytes, and macrophages) at  
the sites of filler injection has been described. The length 
of time between the injection of Aquafilling and its remov-
al procedure varied from patient to patient, ranging from  
12 to 37 months. Induction of an inflammatory response is 
most likely an individual trait [1].

In this study, we evaluated the immunohistochem-
ical expression of E-cadherin and N-cadherin in tissue 
material from a significant number of patients. Histolog-
ical evaluation revealed no neoplastic lesions. However, 
given the presence of chronic inflammation, we wanted 
to investigate whether changes in the number of cells im-
munopositive for E-cadherin and N-cadherin could be ob-
served, despite the absence of histopathological features 
characteristic of cancer. Such differences were previously 
described in EMT. Our immunohistochemical results show 
a higher number of cells expressing tissue N-cadherin than 
E-cadherin in the study group. This could support the po-
tential use of both markers in a panel of diagnostic tests to 
assess early changes occurring at intercellular junctions. 
In the control group, the number of N-cadherin was also 
higher than E-cadherin immunopositive cells (p = 0.006 
for the test group and p < 0.001 for the control group). 
During EMT, cell-cell and cell-matrix interactions are re-
modeled. This results in the separation of epithelial cells 
from each other and the basal membrane [21]. During tu-
mor progression-associated EMT, E-cadherin expression 
is lost. Among the many processes occurring during onco-
genesis, the impairment of E-cadherin, nuclear β-catenin, 
and p120 catenin signaling are among the most critical 
[22]. Reduced expression of E-cadherin leads to carcino-
genesis and occurs mainly at the epigenetic level. It has 
been linked to cellular functions of reduced invasiveness, 

growth inhibition, apoptosis, cell cycle arrest, and differ-
entiation. Studies on various cancers have shown that these 
cellular functions are also interdependent [18, 23, 24].  
In turn, N-cadherin is an important molecule involved  
in EMT. It is associated with tumor malignancy [25].

The number of cells showing immunohistochemi-
cal expression for E-cadherin was higher in the control 
(1026 ±482.5) than in the study group (822.5 ±564.75). 
However, this difference was not statistically significant  
(p = 0.231). In addition, the immunohistochemical reaction 
area for E-cadherin was measured, appearing to be larger 
in the study than in the control group. It is difficult for us 
to comment on these results due to a lack of reports on this 
topic in the available literature. However, the fact remains 
that the number of E-cadherin immunopositive cells was 
higher in the control group. Perhaps the larger field of im-
munohistochemical reaction has to do with the course of 
the inflammatory process, resulting in changes in cell-cell 
and cell-extracellular matrix interactions. The immunohis-
tochemical reaction for E-cadherin showed a much less 
continuous and irregular distribution at the cell-cell contact 
sites, which resulted in a larger response surface.

In turn, the similar immunohistochemical expression 
of N-cadherin in the study and control groups, as well as 
the histopathological findings, indicate that EMT does not 
occur in the breast despite the presence of chronic inflam-
mation. Therefore, surgical removal of Aquafilling should 
be performed without concomitant subcutaneous mastecto-
my. As we mentioned in the introduction, breast fat is now 
recognized as an endocrine organ that secretes several fac-
tors [11]. Hence, its complete removal could have further 
adverse health consequences for these patients.

Conclusions
Immunohistochemical evaluation of tissue expression 

of N-cadherin and E-cadherin may be useful in assessing 
early changes occurring at cell-cell junctions. On the other 
hand, semi-quantitative morphometric analysis allows us to 
more precisely determine the cell-cell junction differences 
caused by chronic inflammation induced by Aquafilling. 

The authors declare no conflict of interest.
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