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Background: The authors investigated the immunological mechanisms underly-
ing extensive peri-silicone implant capsule formation, one of the most frequent
postoperative complications in patients receiving silicone mammary implants.
Methods: The authors studied immune response activation by phenotypic and
functional characterization of lymphocytes accumulated within this tissue. Intra-
capsular lymphoid cells and autologous peripheral blood mononuclear cells were
isolated and analyzed by flow cytometry. The proportion of T regulatory cells
(CDH4+CD25"s"Foxp3+CD1277), the cytokine profiles, and the T cell receptor rep-
ertoire of these cells were examined. Intracapsular T regulatory cells were then
further analyzed by immunohistochemistry and functional suppression assays.
Results: In comparison with peripheral blood, the cellular composition of intra-
capsular lymphocytes showed a predominance of CD4~ cells. Intracapsular T cells
predominantly produced interleukin-17, interleukin-6, interleukin-8, transforming
growth factor-B1, and interferon-y, suggesting a TH1/TH17-weighted local im-
mune response. Intracapsular T cells displayed a restricted T cell receptor o/
repertoire. The intact suppressive potential of T regulatory cells was demonstrated
in crossover experiments with activated peripheral T cells. They did not, however,
suppress intracapsular T cells. Interestingly, ratios of intracapsular T regulatory cells
were inversely proportional to the clinical degree of capsular fibrosis.
Conclusion: The authors' results indicate that silicone implants trigger a specific,
antigen-driven local immune response through activated TH1/THI17 cells, sug-
gesting that ensuing fibrosis is promoted by the production of profibrotic cytokines
as a consequence of faltering functon of local T regulatory cells.  (Plast. Reconstr.
Surg. 129: 327e, 2012.)

mammary implants carriers are frequently re-

ported and are controversially discussed in
the literature.'* It is generally accepted, however,
that the most common complication of silicone
mammary implants is capsular contracture, with a
reported incidence from 0.5 to 50 percent.*'” The
exact mechanisms leading to the development of

I ocal and systemic complications in silicone
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capsular fibrosis are not yet fully known. Previous
studies suggested that fibrosis results from a silicone-
wiggered activation of the immune system'' medi-
ated primarily by macrophages and CD3/CD4 o/ B*
T cells.!” These findings suggested that cellular im-
munity against one or several antigen (s) most prob-
ably initates capsular fibrosis development.'”

The present study was designed to characterize
the phenotype of T cells isolated from peri-implant
capsular tissue, to determine their cytokine profile,
and to estimate the diversity of the T cell receptor
repertoire by spectratyping. In addition, we deter-
mined the disuibution and activity of T cell sub-
populations, namely TH17 effector cells and T reg-
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ulatory cells (CD4+*CD25"&"Foxp3+*CD1277). In
humans, T regulatory cells represent 2 to 3 per-
cent of total CD4* cells in the peripheral blood.'
They are essential for maintaining peripheral tol-
erance, as they can suppress activation and effec-
tor functions of autoreactive T cells.!3* TH17
cells represent a more recently discovered subset
of CD4* T effector cells, identified by their ability
to produce interleukin (IL)-17A, IL-17F, wumor
necrosis factor-a, and IL-22.2'-* Stimulation of
TH17 differentiation by I1-6 and transforming
growth factor (TGF)-f1, a profibrotic cytokine,
places this cell lineage in close proximity to T
regulatory cells, as TGF-B1 also induces the dif-
ferentiation of naive T cells into T regulatory
cells.*'=" To our knowledge, this is the first con-
tribution to the clarification of their interplay in
fibrotic processes caused by silicone implants,
such as capsular fibrosis.

PATIENTS AND METHODS

Patients

Peri-silicone mammary implant capsular tissue
(n= 37) was obtained from 33 women (mean age,
42 years; range, 20 to 61 years) undergoing im-
plant change or removal due to capsular fibrosis,
implant deflation, or aesthetic reasons. Patients
with silicone mammary implants after breast can-
cer surgery were excluded from this study, as their
immune system might have been altered due w0
either the disease itself or associated therapies.
None of the patients had a history of a chronic
inflammatory or autoimmune connective tissue
disease. Two of the patients had undergone breast
reconstruction after complete mastectomy, one
for prophylactic reason due to an elevated familial
carcinoma risk and the other because of fibrous
cystic mastopathy. In 26 patients, implants were
silicone gelfilled, and in seven, they were filled
with saline. According to the Baker scoring system,
the extent of capsular fibrosis was clinically clas-
sified from I to IV.® The implant change was per-
formed via a submammary (» = 28), periareolar
(n = 1), or axillary approach (n = 4), depending
on the scar location from previous operations (Ta-
ble 1). The study was approved by the local ethics
committee (study no. AN2218), and all partici-
pants gave their written consent. Because the
amount of capsular tissue was limited, not all de-
scribed experiments could be performed in each
single patient.
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Isolation and Expansion of Intracapsular
T Cells

The capsular tissue was cut into small pieces
under sterile conditions and incubated (37°C, 5%
CO,) in a Petri dish in 1640 Roswell Park Memo-
rial Institute medium (Cambrex, Baltimore, Md.)
supplemented with 10% fetal calf serum, 1% pen-
icillin, streptomycin, and t-glutamine; 20 U/ml of
IL-2 (Sandoz Novartis Research Institute, Vienna,
Austria) was added to the culture on days 1 and 3.
On day 6, the supernatant was filtered through a
100-wn cell strainer (Becton Dickinson, Bedford,
Mass.). The resulting cell suspension was trans-
ferred into flat-bottomed 24-well plates and stim-
ulated with 20-ng/ml muromonah-CD3 (OKT3,

Janssen-Cilag, Saunderton, United Kingdom) and

autologous, irradiated (30 Gy) peripheral blood
mononuclear cells. Cell culture medium and 1L-2
were refreshed on days 6 and 9. Phenotypic and
functional analysis of expanded intracapsular T
cells was performed on day 12 of culture.

Generation of Peripheral T Cell Lines
Peripheral blood from patients was obtained
on the date of surgery. Peripheral blood mono-
nuclear cells were isolated by density centrifuga-
tion over Ficoll Paque (Amersham, Buckingham-
shire, United Kingdom). T cell lines were grown
as described above. Phenotypic and functional
analyses were performed on day 12 of culture.

Phenotypic Profile of T Cell Lines

Expression of cell surface molecules of the T
cell lines (n = 12) was determined by flow cytom-
etry; 3 X 10° T cells were incubated at 4°C for 60
minutes with appropriate dilutions of directly la-
beled monoclonal antibodies (CD3-FITC, CD4-
PE, CD16-FITC, CD25-FITC, CD45RA-FITC, and
CD56-PE from Exbio, Prague, Czech Republic;
CDS8-PECy7 and CD28-APC from Becton Dickin-
son, Franklin Lakes, N.J.; and CD45RO-APC, T
cell receptor a/B-APC, T cell receptor y/&-PE,
and Foxp3-APC from eBioscience, San Diego,
Calif.). After washing steps with 0.02% bovine se-
rum albumin/phosphate-buftered saline (pH
7.3), fluorescence intensity was analyzed on a FAC-
SCalibur (Becton Dickinson).

Immunohistochemistry

Immunohistochemistry was performed on ac-
etone-fixed, 4-pum cryostat sections of frozen tissue
samples. Endogenous peroxidase and unspecific
antibody binding were blocked with 0.3% H,O,/
phosphate-buffered saline and 6.5 mg/ml of



Volume 129, Number 2 o Capsular Fibrosis

Table 1. Patient Data

Capsular Type of Surgical Indication for Baker Implant Implant
Tissue Implant Access Implant Change Score Duration (yr) Position Smoker
SH3 Silicone gel SM CF Baker II-1IT 6-10 Submuscular Yes
S55 Silicone gel SM CF Baker III-1IV >10 Submuscular No
556 Silicone gel SM Aesthetic Baker 11 >10 Submuscular No
S57 Silicone gel SM Aesthetic Baker 11 1-5 Subglandular Yes
558 Silicone gel SM CF Baker 111 >10 Subglandular No
S60 Silicone gel SM Aesthetic Baker 11 >10 Subglandular Yes
(dislocation)
S61 Silicone gel SM Aesthetic Baker 11 1-5 Submuscular No
S62 Silicone gel SM CF Baker III 1-5 Submuscular Yes
S64 Saline A Aesthetic Baker II 6-10 Submuscular No
(defation)
565 Silicone gel SM CF Baker II-111 >10 Subglandular Yes
S66 Silicone gel r Aesthetic Baker 11 >10 Subglandular Yes
569 Silicone gel SM Aesthetic Baker II-III 1-5 Subglandular Yes
S70 Saline SM Aesthetic Baker I 6-10 Subglandular Yes
§71 Silicone gel A CF Baker IIT 6-10 Submuscular No
§72 dx Silicone gel SM Aesthetic Baker I-11 6-10 Subglandular Yes
$72 sin Silicone gel SM Aesthetic Baker 1-11 6-10 Subglandular Yes
S73° Silicone gel SM CF Baker 1II-TV >10 Submuscular Yes
S74 Silicone gel SM Aesthetic Buker 11 6-10 Subglandular No
S76 Silicone gel SM Acsthetic Baker 11 >10 Submuscular Yes
S77 Silicone gel A Aesthetic Baker I >1 Submuscular No
578 Silicone gel SM Aesthetic Baker 11 1-5 Submuscular No
579 dx Silicone gel SM Aesthetic Baker II 1-5 Subglandular Yes
S79 sin Silicone gel SM CF Baker IIT 1-5 Subglandular Yes
S80 Saline SM Acsthetic Baker 11 >10 Submuscular Yes
S81 Silicone gel SM Aesthetic Baker I 1 Subglandular No
S82 dx Silicone gel SM . Baker 111 6-10 Subglandular No
$82 sin Silicone gel SM Acsthetic Baker 11 6-10 Subglandular No
583 Silicone gel SM Baker IIT 1-5 Subglandular Yes
584 dx Silicone gel SM CF Baker IV 6-10 Subglandular No
S84 sin Silicone gel SM Aesthetic Baker I1 6-10 Subglandular Yes
S85 Silicone gel SM CF Baker II1 <1 Subglandular No
586 Saline SM CF Baker ITI-IV 6-10 Subglandular No
588 Saline SM CF Baker III-IV 6-10 Subglandular Yes
589 Silicone gel SM Aesthetic Baker [ >10 Subglandular Yes
590 Silicone gel SM Aesthetic Baker I-II >10 Subglandular Yes
$91 Saline A Aesthetic Baker I-II >10 Submuscular No
(deflation)
S92 Saline SM Aesthetic Buker I-11 6-10 Submuscular Yes
(deflation)

SM, submammary approach: CF, capsular fibrosis; A, axillary approuch; P, periareolar approach; aesthetic, asymmeury or wish for larger or

smaller implants: dx, dexter (vight side); sin, sinister (left side).

No paticnts experienced gel bleeding. None of the patients had diabetes.

NaN3 for 30 minutes and blocking reagent
(1096176; Boehringer Mannheim, Mannheim,
Germany) supplemented with 10% fetal calf se-
rum and 5% goat serum. Slides were then incu-
bated for 12 hours with the following antibodies:
rabbit anti-CD25 (ab61777, 1:50; Abcam, Cam-
bridge, United Kingdom), mouse ant-CD3
(M0835, 1:25; Dako, Glostrup, Denmark), mouse
anti-Foxp3 (144777, 1:50e; Bioscience, Hatfield,
United Kingdom), and mouse anti-CD4 (M0716,
1:30; Dako). After washing in phosphate-buffered
saline, the secondary antibody [goat anti-mouse
AP, D0486, 1:50 (Dako), or goat anti-rabbit HRP,
P0448, 1:50 (Dako)] was applied for 30 minutes.
Visualization was achieved by adding Fast Red
Naphthol (F4523; Sigma-Aldrich, St. Louis, Mo.)
or 2,4-diaminobutyric acid (Sigma-Aldrich). Dou-

ble stainings were achieved with primary antibod-
ies from different species (rabbit anti-CD25/
mouse anti-CD3, rabbit anu-CD25/mouse anu-
Foxp3, or rabbit anti-CD25/mouse anti-CD4) and
different substrates by subsequently performing
the described single staining."

Cytokine Analysis

Supernatant from cell culture of capsular T
cells and peripheral blood mononuclear cells was
collected after 12 days and stored at —20°C until
use. Quantitative cytokine levels (1L-18, 1L-2, 1L.4,
IL-5, TL-6, IL-8, IL-10, IL-12p70, interferon-y, and
tumor necrosis factor-a) were determined by a
FlowCytomix Bead-Based Multiplexing Assay kit
(human TH1/TH2 11plex; Bender MedSystems,
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Vienna, Austria) according to the manufacturer’s
instructions. Analyses were performed by flow cy-
tometry and analyzed using FlowCytomix Pro 2.1
software. The concentration of TGF-81 (Bender
MedSystems) and I1L-17 (RayBiotech, Inc., Nor-
cross, Ga.) was determined via enzyme-linked im-
munoabsorbent assay.

I1-10 and IL.-17 were also determined in fresh
tissue of five patients ex vivo via polymerase chain
reaction to further verify the presence of TH17
cells and T regulatory cells. RNA was isolated from
fresh tssue (see “RNA Isolation and T Cell Re-
ceptor CDR3 Spectratyping,” below), and 1 ug was
then retro-transcribed at 37°C. ¢cDNA (1 pg) was
amplified by polymerase chain reaction in 5X re-
action buffer (1.5 mM MgCl,) containing 0.2 mM
dNTP and 50 uM betaine, using 1.25 U of Taq
DNA polymerase (Promega, Madison, Wisc.) in a
final volume of 50 pl.

Regulatory T Cell Isolation

Purification of peripheral and intracapsular T
regulatory cell subsets was performed by magnetic
cell sorting using the CD4*CD25"8"CD127~ Reg-
ulatory T Cell Isolation Kit (Miltenyi Biotec, Ber-
gisch Gladbach, Germany). The two-step procedure
consisted of depletion of non-CD4* and CD127*
cells over a L.LD column (MACS, Miltenyi Biotec),
tollowed by positive selection of CD4*CD25*CD127~
T regulatory cells from the pre-enriched CD4*
T cell fraction.

Suppression Assays and Crossover
Suppression Assays

Sorted CD4'CD25'CD127- T regulatory cells
were cocultured at different ratios (1:1, 0.5:1,
0.25:1, and 0.125:1) with 5 X 10® CD4*CD25- T
effector cells, 5 X 10* autologous peripheral blood
mononuclear cells irradiated at 30 Gy for antigen
presentation, and 0.1ug/ml of OKT3 in 96-well
U-bottom plates in Roswell Park Memorial Insti-
tute medium 1640 with 7% fetal calf serum. In
crossover experiments, autologous T effector cells
from peripheral blood were cocultured with T
regulatory cells from capsules and vice versa. On
day 4, 0.5 pCi of *H-thymidine (Batch B500, no.
TRA120; Amersham, Buckinghamshire, United
Kingdom) was added for the last 16 hours. Cells
were harvested with a cell harvester (Inotech Bio-
systems International, Inc., Rockville, Md.). Pro-
liferation was determined by *H-thymidine incor-
poration in a beta-counter (25600 Multi Purpose
Scintillation Counter; Beckman Coulter, Brea,
Calif.) on day 5. The percentage of suppression
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was deternmiined as follows: 1 — (counts per mminute
incorporated in the coculture/cpm of T effector
cells population alone) x 100 percent.

RNA Isolation and T Cell Receptor CDR3
Spectratyping

Total RNA was extracted from peripheral blood
mononuclear cells and intracapsular T cells using
total RNA isolation reagent, according to the man-
ufacturer’s protocol (Sigma-Aldrich). To exclude a
cell culture-induced clonal expansion of T cells,
RNA was directly isolated from the capsular tissue
and from fresh peripheral blood mononuclear cells
(n=9). As previously described, T cell receptor V3
uanscnpts were amplified by polymerase chain re-
action using a Hot-Start Taq Mastermix kit (Qiagen,
Vienna, Austria) and primers (MWG Biotech, Eber-
sberg, Germany) specific for each of the V/B fam-
ilies (24 variable primers) and a specific primer en-
coding for the constant region of the B-chain and
labeled with the fluorescent dye marker 6-FAM as
described by Herndler-Brandstetter et al.?

Statistics

The paired ¢ test and the nonparametric Wil-
coxon test for paired samples were used for nor-
mally and nonnormally distributed data sets, re-
spectively Statistical analyses were performed
using Microsoft Excel (Microsoft, Redmond,
Wash.) and SPSS 15.0 software (SPSS Inc., Chi-
cago, I11.). All values are expressed as mean * SD;
pvalues less than or equal to (.05 were considered
statistically significant.

RESULTS

Immunohistological Detection of T Regulatory
Cells within the Capsular Tissue

Immunohistochemical analysis mainly showed
an infiltration by activated T cells (CD3*CD25%)
of the capsular tissue, predominantly located ad-
jacent to the frontier layer abutting the silicone
implant, the so-called “pseudosynovium,” as pre-
viously described. 2 Foxp3*/CD25* double stain-
ing revealed the presence of intracapsular T reg-
ulatory cells (Flg 1). They were mainly found
within the frontier layer among the population of
T effector cells and perivascularly within the inner
and outer vascular layer.'” Importantly, the num-
ber of T regulatory cells was higher in capsules
with less fibrosis, which correlated with the results
of fluorescence-activated cell sorter analysis as
mentioned below.
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Fig. 1. Tregulatory cells and activated T effector cells are resident in the capsular tissue. (Left) Overview of capsule S69 (explanted
from the left breast; Baker score, | to 11), stained with a-CD3 Fast Red (FR)/a-CD25 diaminobenzidine (DAB; original magnifica-
tion, X 100; ps, pseudosynovium; an arrowhead marks the silicone implant). (Second from left, above) Single staining with a-CD3
FR (original magnification, X400) and (Second from left, below) a-CD25 DAB (original magnification X 400) show perivascular accu-
mulation of T cells. Double staining on consecutive slides reveal (center, above) perivascular activated T cells (CD3*-FR/CD25-DAB)
and (center, below) T regulatory cells (Foxp3*-FR/CD25 -DAB; original magnification, X400). (Second from right, above) Activated T
cells (CD3*-FR/CD25 -DAB; original magnification, > 400) and (Second from right, below) T regulatory cells (Foxp3*-FR/CD25*-DAB)
among collagenous fibers (original magnification, x 600). (Right, above) Mouse 1gG1 isotype control (original magnification, > 100)
and (Right, below) normal rabbit serum (original magnification, » 200). Negative controls were done by omitting primary antibodies
(not shown). The center, above and center, below panels are tests on consecutive séctions.

CD4* and T Regulatory Cells Are Increased
within Capsular Tissue

T cells isolated from fibrotic tissue were gated
for CD3/CD4 and mainly showed a CD4" pheno-
type (80 percent; Fig. 2, above, left). Only 18 per-
cent of all T cells were CD8*; thus, the CD4/CD8
ratio (4.6) within capsules was significantly in-
creased when compared with peripheral blood
(2.1; p<0.0001). Most of intracapsular CD4* cells
(91 percent) expressed CD45RO, whereas periph-
eral cells showed an activated/memory status (63
percent; Fig. 2, below). We found that most intra-
capsular T cells expressed T cell receptor o/ (94
percent). A higher percentage of intracapsular T
cells, however, expressed T cell receptor y/8 (5
percent) when compared with peripheral blood
(3 percent). Fluorescence-activated cell sorter
analysis showed that T regulatory cells were more
numerous in the capsular tissue than in periphery
(p < 0.01; Fig. 2, above, right).

Inverse Correlation between Numbers of
Intracapsular T Regulatory Cells and Severity of
Capsular Fibrosis

Fluorescence-activated cell sorter analysis af-
ter 2 weeks of cell culture revealed that T regula-
tory cells were increased in the capsular tissue
compared with the periphery. Values for capsular
T regulatory cells averaged 5.2 percent within the
CD3* population as compared with 0.7 percentin
the periphery (p < 0.01; Fig. 2, above, right). In
capsules with Baker scores I to I1, 8.5 percent of all

CD3* cells expressed a T regulatory cell pheno-
type, whereas in capsules with scores of Il to 1V,
significantly fewer T regulatory cells were present
(1.4 percent; p < 0.01; Fig. 2, center, left and right).
Figure 3 shows the relationship between the de-
gree of capsular contracture and the relative
amount of T regulatory cells and T effector cells.

Decreased T Cell Regulation in Capsular Tissue

Freshly isolated T regulatory cells were more
effectively suppressive than cultured T regulatory
cells. We detected a statistically significant differ-
ence in the suppressive capacity of T regulatory
cells from capsules of patients with Baker scores I
to II compared with capsules of patients with
Baker scores IIT to IV (p < 0.01 at a ratio 1:0.25;
Fig. 4, above). T regulatory cells from capsules with
a strong fibrotic reaction lacked effective suppres-
sion, whereas those from less fibrotic capsules ef-
fectively suppressed intracapsular T effector cells.
Crossover suppression assays revealed, however,
that intracapsular T regulatory cells from both
advanced and less advanced fibrotic capsules had
higher suppressive capacity than peripheral ones.
Moreover, peripheral T effector cells were sup-
pressed more effectively by intracapsular T regu-
latory cells than intracapsular T effector cells.
Thus, T effector cells from capsules must be con-
sidered less susceptible to suppression because
intracapsular T regulatory cells suppressed pe-
ripheral T effector cells effectively but failed to
suppress intracapsular T effector cells (Fig. 4, be-
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Fig. 2. Composition of the intracapsular T cell population. (Above, left) Eighty percent of all
intracapsular T cells were CD4~, whereas they made up only 64 percent of peripheral T cells
(p < 0.001). Peripheral CD8"* cells were more numerous in the periphery (32 percent) as
compared with the capsule (18 percent; p < 0.001). (Above, right) Significantly (p < 0.01)
higher numbers of CD4'CD25""Foxp3 ' T regulatory cells were found within the fibrotic
tissue (5 percent) than in the periphery (0.7 percent). (Center, left) Numbers of T regulatory
cellscorrelate inversely with the clinical degree of fibrosis. In capsules with less fibrosis (Baker
score | to 1), there were significantly more T regulatory cells (8 percent) as compared with
capsules with Baker score lli to IV (1 percent; p < 0.01). (Center, right) Numbers of T regulatory
cellsoftheleftand right capsule from one patient with different Baker scores on each side (left
side, Baker Il; right side, Baker IV) correlate inversely with the Baker score (left side, 7 percent;
right side, 2 percent). (Below) Within capsules, significantly (p < 0.0001) higher percentages
of CD45R0O memory cells were found (capsules, 91 percent; periphery, 63 percent).
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Fig. 3. Graphic representation of the relationship between the
degree of capsular contracture and the relative amount of T reg-
ulatory cells and T effector cells in the analyzed capsules.

low). The demonstrated TH1/TH17 immune re-
sponse within the capsular tissue further explains
the low susceptibility of T effector cells toward
suppression by T regulatory cells.

Peri-Silicone Implant Tissue Is Characterized
by a TH1/TH17-Weighted Cytokine Milieu

The most prominent cytokines found in the su-
pernatant of intracapsular mononuclear cells were
L6, 11-8, IL-17, and interferon-y, pointing to a
TH1/THI17-weighted immune response. Also,
IL-18 and tumor necrosis factor-a production,
known to be enhanced by IL-17,* could be clearly
detected in the supernatant of the specimens. More-
over, IL4 and IL-5, cytokines characteristic for a
TH2 response, were less prominent. The profibrotic
cytokine TGF-1 was abundantly found in the su-
pernatant of cultured intracapsular T cells. Com-
pared with intracapsular T cells, significantly lower
concentrations in the supernatant of peripheral cells
were found for IL-17 (p < 0.05), IL-6 (p< 0.05), [1.-8
($<<0.0001),and TGF-B1 (p< 0.001) secretion. The
amount of I1-5, however, did not differ significantly
(p = 0.085; Fig. 5, above). Interestingly, polymerase
chain reaction experiments on ex vivo material re-
vealed the presence mainly of IL-17 and IL-10 in situ
(Fig. 5, below).

Intracapsular T Cells Have a Restricted T Cell
Receptor a/f3 Repertoire

A total of 66 percent of capsule-derived T cells
showed an oligoclonally restricted repertoire com-
pared with 43 percent of peripheral cells. A dif-
ference was found in monoclonal T cell expansion
(l.e., 23 percentin capsular tissue versus 3 percent
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Fig. 4. Suppressive capacity of intracapsular and peripheral T
regulatory cells was assessed in suppression assays. (Above) T
regulatory cells from capsules with less fibrosis suppress intra-
capsular T effector cells effectively, whereas those from capsules
with higher Baker scoresfail to achieve effective suppression. (Be-
low) Crossover suppression assays in two separate patients re-
veal the strong suppressive capacity of intracapsular as com-
pared with peripheral T regulatory cells. Intracapsular T
regulatory cells, however, suppress peripheral T effector cells
(Treg Caps vs Teff PBMC) more effectively compared with intra-
capsular T effector cells (Treg Caps vs Teff Caps); *p =< 0.05; **p <
0.01; ***p < 0.001; ****p < 0.0001.

in periphery). In the periphery, 54 percent of
polyclonal T cell receptor VB transcripts with a
Gaussian-like distribution were detected, whereas
only 9 percent of the capsular T cells showed poly-
clonal distribution (Fig. 6).

DISCUSSION
Due to the worldwide, steadily growing pop-
ularity of silicone mammary implant breast aug-
mentation and the controversies surrounding
their overall safety, it is of great diagnostic and
clinical importance to clarify the exact molecular
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Fig. 5. Cytokine production. (Above) Cytokine profile of intracapsular and peripheral
cells evaluated from the supernatant. TH1/TH17 cytokines predominate. *p = 0.05; **p
= 0.01; ¥*p = 0.001; ****p < 0.0001. (Below) Detection of iL-17 and iL.-10 in two rep-
resentative capsules by polymerase chain reaction performed with freshly isolated

RNA (ex vivo) from capsular tissue (S69 dx, Baker score 1I; S73, Baker score |V).

mechanisms behind the phenomenon of peri--
silicone implant capsule formation. Although the
role of T regulatory cells and TH17 cells has ex-
tensively been investigated in lung or liver fibrosis,
this is the first contribution to clarify their role in
capsular fibrosis.*0-3

The phenotypic analysis of the intracapsular T
cells in this study confirmed and extended our
previous in situ ohservations of the presence of
CD4* and CD8* cells, with a predominance of the
TH1 phenotype.'”” T regulatory cells were also
more numerous within the capsular tissue as com-
pared with the periphery. Most interestingly, cap-
sules with clinically mild symptoms of capsular
contracture (Baker scores I to-II) showed a sig-
nificantly higher number of T regulatory cells in
comparison with those with higher stages of fibro-
sis (Baker scores IIT to IV). Our data suggest that,
atleast in an early stage, T regulatory cells play an
important role in controlling capsular fibrosis.
This effect may be achieved either by down-regu-
lation of T effector cells and/or by imposing a
threshold which T effector cells must exceed.

In our crossover suppression assays, we found
that T regulatory cells from fibrotic capsules had
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ligher suppressive capacities on peripheral blood
T effector cells when compared with peripheral T
regulatory cells. Interestingly, suppression assays
showed that the suppressive capacity of intracap-
sular T regulatory cells correlated inversely with
the degree of fibrosis. This suggests that either the
capsular T effector cells become resistant to sup-
pression by capsular T regulatory cells or decreas-
ing numbers and/or a decreasing suppressive po-
tential of T regulatory cells is no longer able to
effectively suppress T effector cells. Thus, it is rea-
sonable to conclude that capsular fibrosis is not
merely the result of decreasing numbers of T reg-
ulatory cells but a qualitative property of intracap-
sular, not suppressible, T effector cells. This no-
tion is further supported by the predominance of
TH1/TH17 cytokines within the capsules, as
TH17 cells are known to be less susceptible to
suppression by T regulatory cells.®*-* Several
groups have reported inverse developmental re-
lationship between T regulatory cells and TH17
cells, with IL-6 playing an important role in dic-
tating whether the immune system is dominated
by proinflammatory TH17 cells or by protective T
regulatory cells. 2274
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Fig. 6. intracapsular T cells have a restricted T cell receptor rep-
ertoire. (Above) Distribution of T cell receptor V3 transcripts in
capsule- and peripheral blood-derived T cells. Mean percent-
ages of the clonal distribution within capsules as compared with
the periphery. Significant differences in the polyclonal and
monoclonal T cell receptor repertoire were detected. The T cell
receptor restriction pattern of VB transcripts shows that capsule-
derived T cells are generally more restricted than their autolo-
gous peripheral counterparts. RNA was isolated from fresh cap-
sular tissue (ex vivo) as well as from fresh uncultivated peripheral
T cells. (Below) Intracapsular (fower line) and peripheral (upper
line) T cell receptor VB transcripts of one representative pa-
tient (S57, Baker score 11). T cell receptor restriction in capsule-
derived cells can be noted. *p = 0.05; **p < 0.01; ***p = 0.001;
**¥x%p = 0.0001.

Furthermore, different groups described
functional plasticity of T regulatory cells and
TH17 cells, as conversion of T regulatory cells to
the TH17-like phenotype may be induced by

IL-18.19-" In the supernatant of intracapsular T
cells, we found considerable amounts of IL-6 and
IL-1B. The released acute-phase proinflammatory
cytokines subsequently lead to a local accumula-
tion of intracapsular TH17 cells, probably by con-
verting CD4* cells and local T regulatory cells into
TH17 cells. Tamboto et al. have shown recently
that subclinical (biofilm) infection causes capsu-
lar contracture in a porcine model following aug-
mentation mammaplasty.* They postulate that
Staphylococcus epidermidis, a predominant member
of resident breast flora, gains access to the mam-
mary implant and forms a biofilm on contact with
the silicone surface, leading to the formation of
periprosthetic inflammation. During an inflam-
matory response, IL-6 is produced, which inhibits
the generatdon of T regulatory cells in the periph-
ery and induces the development of TH17 cells
from naive CD4* cells. In cases of subclinical in-
fection or hematoma organization, the immune sys-
tem is also activated; therefore, T regulatory cell
generation in the periphery is suppressed. In con-
cert with IL-17 and interferon-y, both responsible
for the TH1/TH17-weighted immune response,
I1-6 and IL-8 were the most prominent cytokines in
the supernatant of the intracapsular T cells. Inter-
estingly, I1.-17 was also prominently present in ex
vivo capsular tissue, as shown using polymerase
chain reaction (Fig. 4, below). In most individuals,
intracapsular T cells displayed a restricted T cell
receptor repertoire when compared with their pe-
ripheral blood counterparts. These results strongly
argue for an antigen-driven T cell proliferation
within the capsular tissue.

CONCLUSIONS

Our results show that not only is capsular fi-
brosis a simple low-grade, foreign-body reaction
but silicone itself, degradation products of sili-
cone, or silicone particles combined with autolo-
gous proteins may trigger a specific local immune
response via activated TH1/T H17 cells. Further-
more, we observed an inverse correlation between
the severity of capsular fibrosis and the numbers
of T regulatory cells present in the fibrotic tissue,
suggesting that at an early stage, T regulatory cells
might delay capsular fibrosis. The presence of an
inflammatory stimulus (e.g., IL-6, IL-18 secre-
tion), however, induces a proinflammatory TH17
response, which cannot be suppressed by T reg-
ulatory cells in advanced stages of fibrosis devel-
opment.
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