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tential risk of developing autoimmune diseases and surgical com-
plications such as capsular contracture. Currently, no genetic mark-
C ers have been identified that are definitively associated with these
apsular contracture o R N

genetic markers complications. Therefore, we conducted a systematic review to
autoimmune diseases check for the presence of genetic variants that are related to com-
breast implants plications such as capsular contracture and autoimmune diseases
in women with breast implants.

Materials and Methods: A systematic review was conducted follow-
ing the preferred reporting items for systematic reviews and meta-
analyses guidelines. The search included databases such as Web
of Science, PubMed, and Scopus, using terms such as “breast im-
plants,” “breast prostheses,” “genes,” “genetic markers,” and “au-
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toimmunity.” The selected studies were cross-sectional, cohort,
and case-control studies that assessed specific genetic variants in
women with breast implants and their association with autoim-
mune diseases or capsular contracture.
Results: A total of 6 cross-sectional studies and 1 case-control
study were included. The findings related to autoimmune diseases
showed a high prevalence of the HLA-DQ10102 variant among
women with myositis associated with breast implants compared to
women with myositis without implants (81.8% vs. 31.6%; OR 9.8,
95% CI 1.77-96.79). Other studies identified genetic variants as-
sociated with capsular contracture, highlighting the expression of
MMP, TIMP, TNF-«, and IL-8 genes in severe contractures.
Conclusion: Prolonged inflammation and specific genetic variants
play a crucial role in the development of capsular contracture and
autoimmune diseases in women with breast implants. Identifying
these genetic markers could help improve the prediction and man-
agement of these complications. However, more longitudinal stud-
ies are needed to better understand the mechanisms and validate
these findings.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Breast implants are devices used for reconstructive and aesthetic purposes; they were first intro-
duced in 1963 by Cronin and Gerow.! Breast augmentation is the second most performed procedure
in plastic surgery worldwide. According to statistics from the International Society of Aesthetic Plas-
tic Surgery, 2,174,616 breast augmentation surgeries were performed in 2022, which generally involved
the use of implants. In Colombia, 63,204 breast augmentation surgeries were performed in 2022, mak-
ing it the second most popular procedure of the year.? Approximately 50 million women worldwide
have breast implants.’

Breast implants have been controversial owing to the possible risk of developing autoimmune dis-
eases. Watad et al. found significant associations between implants and autoimmune diseases such as
sarcoidosis (OR 1.95, 95% CI 1.27-2.99), multiple sclerosis (OR 1.64, 95% CI 1.16-2.32), and Sjogren’s
syndrome (OR 1.61, 95% CI 1.15-2.26).* HLA complex genes, known for their association with autoim-
mune diseases, might be involved in the relationship between silicone implants and these conditions.
Haplotypes such as HLA-DRB1 and HLA-DQ alleles in patients with silicone implants may be related to
the development of autoimmunity.” However, specific genes that could serve as susceptibility markers
that link silicone implants to the development of autoimmune diseases are yet to be identified.

Moreover, there are surgical complications such as implant rupture and capsular contracture.®
The latter is a condition where the scar tissue that forms around an implant (periprosthetic cap-
sule) hardens, potentially causing pain and a distorted aesthetic appearance. By itself, the capsule is a
normal bodily reaction.” However, during capsule formation, inflammatory cells such as neutrophils,
macrophages, and T cells release cytokines such as TNF-« (tumor necrosis factor), interleukin 1 (IL-1),
IL-6, IL-8, IL-10, and transforming growth factor (TGF-8), which can be associated with contracture
development.® Currently, no marker has been directly confirmed to be associated with the severity of
capsular contracture, because of which we proposed a systematic review to check for the presence of
genetic variants that may be related to complications such as capsular contracture and autoimmune
disease in women with breast implants.
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Materials and methods

This review was conducted according to the guidelines of the preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA).? This systematic review was not registered with any
prospective registry. Owing to the heterogeneity of the topics covered in the included studies, it was
not possible to perform any analysis beyond a qualitative synthesis.”

Searching strategy

During June 2024, an exhaustive review of the research was conducted using controlled language
and keywords in the Web of Science, PubMed, and Scopus databases. The search terms included
“breast prostheses,” “silicone implants,” “gene,” “genetic markers,” “chromosomal markers,” “biomark-
ers,” “biological markers,” “immunological markers,” “polymorphisms,” “autoimmunity,” “immune re-
sponse,” “HLA,” and “autoimmune disease” in various combinations using Boolean operators such as
“AND” and “OR.” The retrieved articles were screened using the following criteria: (i) cross-sectional,
cohort, or case-control studies, (ii) studies involving women with breast implants, (iii) studies evalu-
ating specific genetic variants, (iv) studies reporting on autoimmune diseases and/or capsular contrac-
ture, and (v) studies in Spanish and English. Letters, editorials, comments, reports, previous systematic
reviews, studies not reporting genetic markers, or those associated with cancer were excluded.

” o« ” o« ” o«

Study selection

The search results were independently reviewed by 2 authors using the Rayyan tool.!! A two-stage
selection process was conducted for the selection of studies. First, duplicate studies were removed,
and then titles and abstracts were screened according to the inclusion and exclusion criteria. A third
reviewer moderated any discrepancies and resolved conflicts. Subsequently, a full-text analysis was
performed. If conflicts arose among the reviewers, a third reviewer moderated the discussion to reach
a joint decision.

Data extraction

A standardized format was used to extract important information such as study design, sample
size, population characteristics, intervention or exposition, comparator, outcome measure, main out-
comes, and limitations (Table 1). The content was organized into several sections for a structured
presentation. These sections covered the following topics: Genetic variants and autoimmunity, and
genetic variants and capsular contracture.

Methodological quality assessment

Quality assessment was carried using the JBI for appraisal assessment for case-control and cross-
sectional studies.? Each study was rated by assigning scores to each question. Studies scoring >75%
were considered as high quality, those scoring between 50% and 74% were considered as medium
quality, and those scoring <50% were considered low quality. High-quality evidence included studies
with a low risk of bias, medium-quality evidence comprised of studies with a medium risk of bias,
and low-quality evidence consisted of studies with a high risk of bias.

Results

After the systematic search, 6 cross-sectional and 1 case-control study were included. The total
number of patients were 224. These studies examined the role of autoimmunity and presence of cap-
sular contracture. The most frequent country of origin was United Kingdom (n=3), followed by Ger-
many (n=1), United States (n=1), China (n=1), and Italy (n=1). The PRISMA flowchart provides the
details regarding the selection process (Figure 1).

531



(43

Table 1

Summary of the studies

Population Intervention /
Study ID Study type Exposure Comparator Outcome measure  Main Outcomes Limitations
Age, years
Country Sample size  mean/RNG
(O’Hanlon  Case- United 87 52.5 /(36 Women with Women with HLA differential All the analysis showed higher Size bias.
et al,, control States -77) myositis after BI Myositis without  expression HLA DQA1*0102 in MASI No control
2004) (MASI) BI (IMM) and MASI vs. IMM (OR 2.6, 95% CI  of
women with BI 1.25-5.46) cofounder
without myositis MASI vs. SIC (OR 2.4, 95% CI factors.
(SIC) 1.18- 5.11)
(D’Andrea  Cross- Italy 60 NR /25 -  Patients with CC Patients with CC Changes in the CysLTR2 and TNF higher (p <  Size bias.
et al., sectional 45 grade III and IV grade I and II cysLT gene and 0.05) on CC IIl and IV vs No control
2007) TNF expression in  controls of
macrophages and cofounder
fibroblast of breast factors.
capsules
(Ulrich Cross- Germany 40 27 | NR Patients with Patients with Expression of Higher MMP-2 CC Il y III/IV if  Size bias.
et al., sectional smooth or textured smooth or textured IMP-1, TIMP-2, textured BI vs. CC I (p < 0.05). No control
2009) implants and CC implants and CC MMP-2 y MMP-9  Increased expression of of
grade II, 11T or IV grade [ genes TIMP-1 and TIMP-2 in Baker I cofounder
y II/IV in smooth and factors.
textured BI (p < 0.05).
(Tan et al., Cross- UK 7 42.2 [ 27 - Patients with CC Patients with CC Expression of Positive correlation between Size bias.
2010) sectional 61 grade Il and IV grade [ and II COL3A1, TNF alfa, TNF-alfa and CC (r = 0.558; No control
TGF-beta 1 and p = 0.02) of
CTGF genes. Negative correlation between  cofounder
COL3A1 and CC (r = -0.490; factors.
p = 0.05).
(Tan et al., Cross- UK 7 42.2 | 27 - Patients with CC Patients with CC Genetic expression CC had lower HA (r = -0.645, Size bias.
2011) sectional 61 grade IIl and IV grade I and 11 of TSG-6. Stain p < 0.001) and TSG-6 No control

intensity of HA,
TSG-6, HC1, HC2.

(r = -0.642, p = 0.002). of

Age of implant had lower HA  cofounder
(r = -0.662, p < 0.001) and factors.
TSG-6 (r = -0.619, p = 0.004)

(continued on next page)
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Table 1 (continued)

Study ID Study type Population Intervention / Comparator Outcome measure  Main Outcomes Limitations
- Exposure
Country Sample size  Age, years
mean/RNG
(Kyle et al., Cross- UK 23 capsules 48,7 | Patients with CC Patients with CC Microarrays. 257 genes dysregulated on CC Size bias.
2013) sectional from 18 27-73 grade III and IV grade [ and II qRT-PCR para 6 Il and IV (p<0.05). No control
women. genes clave: ACAN, qRT-PCR analysis showed IL8  of

(Mao et al., Cross- China

2024) sectional

15 capsules NR
from 12
women

Patients with CC
grade IIl and IV

Patients with CC
grade | and II

IL8, SAA1, MMP12,
TIMP4, TNFSF11.

Genes related with
lipidic metabolism
and immune
response and
candidate genes.

cofounder
factors.

increased on CC IIl and IV

(p = 0.016); ACAN and TIMP4
decreased in CC III (p = 0.002)
and IV (p = 0.009).
Immunohistochemical analysis
IL8 and MMP12 expressed
higher on CC Il y IV

(p =0.033y p = 0.037,
respectively); TIMP4 had
lower expression on CC III and
IV (p = 0.039).

The candidate gene was Size bias.
PRKAR2B which showed a Selection
positive correlation with M1 bias.
macrophages (r = 0.86, P <

0.05) and follicular helper T

cells (r = 0.86, P < 0.05).

Higher expression in CC I and

Il than in III and IV.
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Identification of studies via databases

c
-% Records removed before
o Records identified from*: screening:
= —
= Databases (n = 3) Duplicate records removed
o (n=134)
L]
4
Records screened Records excluded**
—>
(n =223) (n=183)
\ 4
Reports sought for retrieval Reports not retrieved
—>
2| | (n=40) (n=0)
'S
o
2
& \4
Reports assessed for eligibility
(n = 40) —»| Reports excluded:
Case report (n = 10)
Genes related with
lymphoma (n = 18)
Full text screening (n = 5)
H
° Studies included in review
=
|| =7

Figure 1. PRISMA flowchart 2020 for systematic reviews

Quality assessment

The JBI tool was used to assess the potential bias of the 7 selected studies. According to the evalua-
tion, the sources of bias included the identification of confounding factors or potential biases and lack
of strategies to mitigate them. Based on the assessment, 5 of the 7 studies were of medium quality
and only 2 were of high quality. None of the studies were excluded. The results are shown in Table 2.

Description of the studies

Genetic variants and autoimmunity

In this systematic review, a case-control study was selected that investigated the genetic variants
associated with autoimmune disease in women with breast implants. O’Hanlon et al. (2004) initially
determined a high prevalence of the HLA-DQ10102 variant in women with silicone implant-associated
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Table 2
Quality Assessment based on Joanna Briggs Institute Risk of Bias Tool (https://jbi.global/critical-appraisal-tools)

Case - control studies

No Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 RISK
OF
BIAS
1 (O’'Hanlon et al., Y Y Y Y Y Y Y Y Y Y LOW
2004)

Cross-sectional studies

2 (D’Andrea et al., Y Y Y Y N N Y Y - LOW
2007)

3 (Ulrich et al., 2009) U Y Y Y N N Y Y -

MEDIUM
4 (Tan et al., 2010) U Y Y Y N N Y Y -

MEDIUM
5 (Tan et al., 2011) U Y Y Y N N Y Y -

MEDIUM
6 (Kyle et al., 2013) U Y Y Y N N Y Y -

MEDIUM
7 (Mao et al., 2024) §) Y Y Y N N Y Y -

MEDIUM

Y: yes; U: unclear; N: no; NA: not applicable.

JBI CRITICAL APPRAISAL CHECKLIST FOR CASE-CONTROL

Q1. Were the groups comparable other than the presence of disease in cases or the absence of disease in controls? Q2. Were cases and controls matched appropriately? Q3. Were
the same criteria used for identification of cases and controls? Q4. Was exposure measured in a standard, valid and reliable way? Q5. Was exposure measured in the same way
for cases and controls? Q6. Were confounding factors identified? Q7. Were strategies to deal with confounding factors stated? Q8. Were outcomes assessed in a standard, valid and
reliable way for cases and controls? Q9. Was the exposure period of interest long enough to be meaningful? Q10. Was appropriate statistical analysis used?

JBI CRITICAL APPRAISAL CHECKLIST FOR ANALYTICAL CROSS-SECTIONAL STUDIES Q1. Were the criteria for inclusion in the sample clearly defined? Q2. Were the study subjects
and the setting described in detail? Q3. Was the exposure measured in a valid and reliable way? Q4. Were objective, standard criteria used for the measurement of the condition?
Q5. Were confounding factors identified? Q6. Were strategies to deal with confounding factors stated? Q7. Were the outcomes measured in a valid and reliable way? Q8. Was
appropriate statistical analysis used?
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Table 3

Up- and downregulated markers in high capsular contracture
Upregulated marker in Downregulated marker
high CC in high CC
TIMP 1 TIMP4
TIMP 2 ACAN
CysLTR2 COL3A1
TNF-alpha TSG-6
IL8 HA
MMP12 IL10
MMP2 CysLTR1

PRKAR2B

CC, capsular contracture

myositis (MASI) compared to women with myositis without implants (IIM) (81.8% vs. 31.6%; OR 9.8,
95% CI 1.77-96.79). A decrease in the HLA-DRB10301 (9.1% vs. 55.3%; OR 0.1, 95% CI 0.002-0.63) and
HLA-DQA1*0501 (18.2% vs. 57.9%; OR 0.2, 95% CI 0.02-0.87) variants was also observed.'?

Accordingly, the researchers compared the MASI group with a group of women with implants but
without myositis (SIC), and found a higher frequency of the HLA-DQA10102 allele in MASI vs. SIC
(42.3% vs. 23.1%). A further combined analysis showed higher frequency of HLA-DQA10102 in MASI
vs. [IM and SIC. Furthermore, the MASI patients had lower levels of DRB10301, DQA10501, and DRB1
EYSTS variants. This study highlighted the importance of considering the interaction between genetic
and environmental factors in autoimmune diseases. A limitation was the small sample size and lack
of control over the confounding factors.?

Genetic variants and capsular contracture

Six cross-sectional studies were included that involved a total of 137 patients with a mean age
ranging from 27 to 52.5 years. Five of the studies compared genetic variants with Baker grades of
capsular contracture, whereas only 1 considered the implant texture (Table 1).

The studies identified various types of markers. Different pro- and anti-inflammatory receptors
were associated with severe capsular contracture (Baker grades Il and 1V), including a significant
increase in cysLTR2, TNF-«, and IL-8, with no changes in IL-10 or cysLTR1 expression. The expression
of other markers, such as COL3A1, decreased as the severity of capsular contracture increased.

In addition, 2 studies analyzed the enzymatic variants of extracellular matrix-degrading pro-
teinases, MMP-2 and MMP-12, along with their tissue inhibitors, TIMP-1, TIMP-2, and TIMP-4. The
findings revealed higher expression of MMP-2, MMP-12, TIMP-1, and TIMP-2 in capsules from pa-
tients with textured implants and capsular contracture grades II, III, and IV. Conversely, markers such
as TIMP-4 and aggrecan, a proteoglycan involved in extracellular matrix composition (ACAN)?! showed
decreased expression in higher contracture grades. Other components of the extracellular matrix, such
as hyaluronan (HA) and TSG-6, were also assessed, revealing a significant negative correlation between
capsular contracture severity and their expression levels.

Finally, in an effort to understand the etiology of the periprosthetic capsule, a study assessed
PRKAR2B as a potential diagnostic gene. This gene is associated with M1 macrophages and follicular
helper T cells, with its expression decreasing in lower contracture grades. Additionally, several signal-
ing pathways were identified, including cGMP-PKG, PI3K-Akt, human papillomavirus infection, AMPK,
and thyroid hormone pathways. Table 3 provides an overview of the upregulated and downregulated
genes in severe capsular contracture.

Discussion

Despite technological and safety advancements in the breast implant industry, local and systemic
complications continue to be reported today. Understanding genetic predisposition to autoimmune re-
sponses and capsular contracture is crucial for clinical decision-making. The identification of genetic

markers can help to identify the patients who are at high risk. Additionally, targeted therapies that
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address specific inflammatory or fibrotic pathways could be developed to mitigate the risk of severe
complications in genetically predisposed individuals. The markers found are involved in the regula-
tion of inflammation, immune response, and extracellular matrix remodeling—processes crucial for
maintaining tissue homeostasis and responding to various pathologies.

Genetic variants and autoimmunity

As Shoenfeld and Agmon-Levin described autoimmune/inflammatory syndrome induced by adju-
vants (ASIA), there has been an intense search for a causal relationship between silicone and the
immune response, establishing a possible link with autoimmune symptoms. However, this association
is not yet widely accepted or definitive.!>-14

In our search, only one study showed a significant prevalence of the HLA-DQ10102 allele in Cau-
casian women with myositis and breast implants compared to those with myositis without implants
or healthy women with breast implants.'? These results are consistent with those of previous studies
indicating that patients with breast implants and HLA-DRB1, HLA-DR53 and HLA-DQ alleles are more
susceptible to developing autoimmune diseases.'>''® The interaction between genetic predisposition
and immune response plays a critical role in the development of autoimmune complications. Genetic
variants in HLA alleles may contribute to aberrant immune activation upon exposure to silica, thereby
leading to a heightened inflammatory state. HLA markers have been implicated in autoimmune com-
plications associated with breast implants, but definitive conclusions remain elusive owing to several
methodological challenges. Small sample sizes limit statistical power, while population biases, pre-
dominantly in Caucasian women, reduce generalizability to diverse genetic backgrounds.'?:1>:16 There-
fore, longitudinal studies monitoring HLA markers in women with breast implants are needed to de-
termine whether genetic predisposition plays a significant role in the onset of autoimmune diseases
in this population.

Genetic variants and capsular contracture

Local complications, such as capsular contracture, have incompletely understood pathophysiology,
and a multifactorial etiology is suggested. It is known to form a provisional extracellular matrix of
proteins including fibronectin, fibrinogen, and albumin.!’ Initially, there is infiltration of neutrophils
that secrete pro-inflammatory cytokines, and mast cell degranulation leads to the recruitment of
monocytes and differentiated macrophages.®-'® After 2 or 3 weeks, M1 macrophages persist, recruited
by TNF-8, PDGF, PF4, MCP-1,2,3,4, and MIP-1o and MIP-1p. Fibroblasts, attracted by growth factors,
differentiate into myofibroblasts and contribute to the development of capsular contracture.'” This
inflammatory response may be influenced by individual genetic variants, it has been shown that ho-
mozygous G/G TGF-81 polymorphisms are commonly associated with fibroproliferative illnesses, a
pilot study identified a homozygous TGF-81 polymorphism (codon 25; genotype Arg25Arg) in nearly
all patients with CC, suggesting a potential genetic predisposition.'

Several additional factors contribute to the development of capsular contracture. The presence of
bacterial biofilm is hypothesized to induce a chronic inflammatory response that triggers persistent
immune activation and fibrotic remodeling. This prolonged inflammation may contribute to fibrob-
last activation and extracellular matrix deposition, exacerbating the severity of capsular contracture,
as clinical trials and animal studies have found high percentages of microorganisms in high Baker
grade capsules (Il and 1V).29-22 Other factors influencing the development of capsular contracture in-
clude implant texture, with smooth implants having higher rates of capsular contracture compared
to textured implants (OR = 2.80, P < 0.00001 [95% CI, 1.92 - 4.08]), and implant placement, where
subpectoral placement is associated with lower rates of capsular contracture compared to prepectoral
(subglandular) placement (OR = 0.35, P < 0.00001 [95% CI, 0.25 - 0.50]).23 Although biofilm, texture,
and implant placement are considered as strong contributors to capsular contracture development, no
evidence currently links specific genetic variants to differential responses between these factors.

Additional factors which may contribute to capsular contracture are hematoma and silicone im-
plant leakage.® A recent transcriptomic study identified marked similarities in gene expression pat-
terns between the immune response associated with capsular contracture and allograft rejection,?*
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reinforcing that immune-mediated mechanisms may play a central role in capsular contracture devel-
opment.

There are also differences between capsular contracture following implant-based breast reconstruc-
tion and cosmetic breast augmentation. Beyond the risk associated with implant texture, surgical tech-
nique, and pre-existing immune factors, additional elements also increase the risk of capsular contrac-
ture development in reconstructive breast augmentation. The history of breast cancer and associated
oncologic treatments influence the immune responses to implants, potentially altering the local cy-
tokine profiles and immune cell infiltration patterns. This may create a pro-inflammatory microenvi-
ronment that predisposes patients to fibrosis and contracture.?> Surgical site infection is a common
cause of capsular contracture in reconstructive surgery, particularly in patients undergoing mastec-
tomy and immediate implant placement. Furthermore, adjuvant therapy appears to significantly in-
crease the risk of fibrosis and contracture affecting the Wnt (Wingless) pathway and promoting fibro-
proliferation.?6-27 Although our results have been heterogeneous, the genetic markers analyzed in the
studies share a common involvement in processes of inflammation, cellular remodeling, and immune
response.

Inflammation markers and immune response

TNF-, IL8, and IL10 are cytokines that are part of the foreign body inflammatory response.'” The
expression of these cytokines was observed in the analyzed studies, where the pro-inflammatory cy-
tokines TNF-o and IL8 were found to be more highly expressed in contracted capsules, while other
anti-inflammatory cytokines such as IL10 did not show increased expression in contracted capsules
compared to the controls.28-30 The increased expression of TNF-« and IL8, along with the decreased
expression of IL10 in contracted capsules, was also observed in vitro.>! These findings highlight the
importance of these markers in the inflammatory process that occurs during the development of cap-
sular contracture.

In our analysis, other inflammatory markers, such as cysteinyl leukotrienes 2 (cysLTR2), were
found, which were highly expressed in contracted capsules.”® The expression of cysLTR2 has been
associated with fibroblast proliferation and collagen deposition, in addition to being linked to angio-
genesis in tumors in mice.?2:33 Further studies with larger sample size are needed to corroborate the
important roles that these mediators may play in capsular contracture.

Extracellular matrix remodeling

Among the important factors that lead to the development of fibrosis are MMPs and TIMPs, whose
dysregulation can lead to various fibrosis-associated diseases.>*:3> Qur results highlight the expression
of genes that code for MMPs and TIMPs in severe contracture capsules.>® MMP12 may have a pro-
fibrotic role in pulmonary fibrosis, being implicated in collagen production and fibroblast activity.3”:38
Similarly, the accumulation of TIMP1 and TIMP2 has been shown to be a factor in fibrosis during
hepatic fibrogenesis.>?

A recent transcriptomic study showed a significant downregulation of TIMP4 in breast with III and
IV capsular contracture and upregulation of MMP1, MMP7, MMP8, MMP11, and MMP12, which is con-
sistent with our findings. More interestingly, it revealed a strong correlation between B cell activation
and capsular contracture, and highlighted the gene pathways that are most significantly upregulated
in capsular contracture which included graft-versus-host disease, autoimmune thyroid disease, and
allograft rejection, suggesting an immune-mediated rejection of the breast implant, analogous to al-
lograft rejection.?* This supports the hypothesis that capsular contracture may not be solely a fibrotic
process but rather an immune-mediated response to foreign material.

In the reviewed studies, some markers such as TSG-6, HA, and ACAN were also found to be ex-
pressed in fewer contracted capsules, highlighting the importance of these proteins in the cellular
remodeling process following implantation.’® The decrease in these markers with the progression
of capsular contracture may indicate the activation of other pathways that interfere with this re-
modeling.*® A longitudinal in vivo study of these markers could provide valuable insights into the
role of these pathways in capsular contracture progression. Other reported markers include PRKAR2B,
which showed low expression in severe capsular contracture and is therefore reported as a prognostic
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marker.*! The identification of genes with prognostic value could be a valuable strategy for preventing
capsular contracture.

This systematic review had some limitations related to the information gathered. Specifically, in the
context of exploring potential autoimmune links between genetics and breast implants, the inclusion
of certain case reports could provide additional insights. However, the absence of statistical validation
in case reports could introduce bias regarding the genetic markers identified. Although adding in vitro
or in vivo studies could enrich the review, it would also increase the heterogeneity of the findings.

In general, the included studies had small sample sizes. Additionally, most of them did not con-
sider other confounding factors, such as implant texture, which affects molecular expression and his-
tological composition*2~44 and therefore may influence the development of capsular contracture. The
cross-sectional nature of most of the studies prevented temporal tracking of changes in gene expres-
sion.

Finally, the heterogeneity of the study methodologies was also a major limitation, preventing the
performance of meta-analyses that could have facilitated provision of robust conclusions about the
markers expressed during the development of capsular contracture. Future research that use uniform
methodologies, with standardized patient selection criteria, genetic analysis techniques, and outcome
measures to improve comparability across studies will help to perform meta-analyses, which may
clarify the role of genetic predisposition in CC.

Despite these limitations, the identification of genes that may contribute to the development of
autoimmune complications and capsular contracture in women with breast implants is of vital im-
portance for understanding the relationship between implants and the reported complications. It is
essential to deepen the study of molecules that may help elucidate the etiopathogenesis of capsular
contracture and development of autoimmune diseases in some women with implants. The typifica-
tion of HLA markers and constant monitoring of disease development in these patients could have
significant clinical and epidemiological relevance, as well as allow for a deeper genetic analysis to de-
termine the prognostic and therapeutic behavior of these complications. Further approaches in omics
sciences could provide valuable insights into the progression of capsular contracture and help identify
potential treatment strategies. Transcriptomic approaches, such as single-cell RNA sequencing (SCRNA-
seq), could offer a more precise characterization of the immune response by distinguishing between
different immune cell populations involved in capsular contracture, revealing specific inflammatory or
fibrotic pathways that contribute to capsular contracture at a cellular level. Metagenomic sequencing
could also help to identify bacterial species associated with biofilm formation on implants, clarifying
their role in triggering chronic inflammation and fibrosis. These advanced techniques could enhance
our understanding of the underlying mechanisms driving capsular contracture and aid in the devel-
opment of targeted therapeutic interventions.

Conclusions

Most associations found in the studies were between genetic markers and capsular contracture,
with most of these markers being indicators of inflammation. Although no evidence currently links
specific genetic variants to responses associated with implant texture, placement, or biofilm formation,
transcriptomic and metagenomic studies suggest that immune-mediated mechanisms play a central
role in capsular contracture development.

Our findings underscore the importance of further research into genetic predisposition and im-
mune responses in patients undergoing breast implantation. The identification of genetic and molec-
ular markers associated with capsular contracture could enhance our understanding of this condition
and allow personalized risk assessment that facilitates clinical decision-making. Future studies inte-
grating multi-omics approaches, such as single-cell RNA sequencing and microbiome profiling, could
provide deeper insights into these processes and refine clinical management strategies.
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