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Abstract

Over 10 million women worldwide have breast implants for breast cancer/prophylactic
reconstruction or cosmetic augmentation. In recent years, a number of patients have described a
constellation of symptoms that are believed to be related to their breast implants. This
constellation of symptoms has been named Breast Implant lliness (Bll). The symptoms described
include chronic fatigue, joint pain, muscle pain and a host of other manifestations often associated
with autoimmune illnesses. In this work, we report that bacterial biofilm is associated with Bll. We
postulate that the pathogenesis of Bll is mediated via a host-pathogen interaction whereby the
biofilm bacteria Staphylococcus epidermidis interacts with breast lipids to form the oxylipin 10-
HOME. The oxylipin 10-HOME was found to activate CD4"* T cells to Th1 subtype. An increased
abundance of CD4"Th1 was observed in the breast tissue of Bll subjects. The identification of a
mechanism of immune activation associated with Bll via a biofilm enabled pathway provides

insight into the pathogenesis for implant-associated autoimmune symptoms.
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Introduction

Breast implants were first introduced in 1962. Nearly 60 years later, their safety has continued to
be controversial in the medical field, including a period of FDA-mandated restrictions on the use
of silicone gel breast implants in the U.S. in the 1990s" 2. Nearly 300,000 women have breast
implant surgeries every year in the United States, for reasons including cosmetic augmentation,
post-mastectomy breast reconstruction (breast cancer and prophylactic mastectomy), revision of
prior augmentation/ reconstruction, and gender affirmation®. A subset of patients with breast
implants have a myriad of nonspecific systemic symptoms* °. The symptoms described include
fever, myalgias, chronic fatigue, arthralgias and a host of other manifestations often associated
with autoimmune illnesses®'2. This constellation of symptoms related to implants has been named
Breast Implant lliness (BIl). The number of patients who opt for breast implant explantation due
to complications including breast implant illness is over 30,000 annually®. Thus, Bll is a growing
concern to both patients and surgeons alike with more than 10 million women worldwide currently
having breast implants®. Despite the increased concern regarding BII, existing scientific literature
doesn’t show a definite link between breast implants and autoimmune or connective tissue
diseases. Some epidemiological studies have reported that women with silicone gel-filled implants
were 8 times more likely to be diagnosed with Sjégren syndrome, an autoimmune disorder
characterized by dry eyes and a dry mouth. Also, such subjects are 7 times more likely to be
diagnosed with scleroderma, a group of autoimmune diseases that cause the skin and connective
tissues to become hard and tighten, and nearly 6 times more likely to be diagnosed with
rheumatoid arthritis®. Other studies have reported an association of autoimmune symptoms with
breast implants” %'2, Symptoms have been documented to begin after placement of the implant
and are often relieved by their explantation ' . This led patients and physicians to suspect that
the breast implants are the likely cause ' '*. However, FDA mandated studies have found

silicone gel breast implants to be safe's. Of note to this apparent contradiction is the fact that
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these symptoms have been reported in subjects with other implants such as orthopedic
arthroplasty which is typically comprised of titanium'®-2°, This indicates that the underlying cause
of these conditions may be associated with factors other than the implant material. Therefore, it
is important to decipher the underlying molecular mechanism associated with Bll for a better

understanding in the future of all implant-related illnesses with autoimmune manifestations.

This is the first in depth study to investigate the possible role of bacterial biofilm as a factor in the
pathogenesis of Bll through a patient-based study with a mechanistic pathway. We have identified
a biofilm-derived oxylipin in increased abundance in Bll subjects. The oxylipin led to activation of
CD4* Th1 cells in an in vitro and in vivo mouse model suggesting a role in the establishment of

an autoimmune response often observed to be associated with BlI.

Results

Bacterial Biofilm in Implant-Associated with BIl

The study included 68 patients. Forty-six patients with Bll were analyzed. Subjects were
diagnosed with BII using clinical parameters outlined in previous studies %'? (Fig. 1A) . As a part
of the diagnosis, the patients were required to complete a questionnaire (Supplementary Table
1). The questionnaire screened for the commonly reported symptoms associated with BIl 52,
Implant, associated capsules and breast tissue were collected from these subjects (Fig. 1B-C)
as described in methods. The mean age of BIl patients was 44.0 years with mean duration of
implant insertion of 11.51 years. Two groups were considered as controls. Control group | (non-
Bll, n=14) was comprised of patients with breast implants who didn’t exhibit Bll symptoms but
went through explantation of the breast implant. The mean age of non-Bll patients was 46.5 years.
Control group Il (normal tissue, n=8) was comprised of patients without an implant, whose breast

tissue was removed as a clinically indicated surgical procedures e.g., (breast reduction surgery,
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95  mammoplasty, contralateral procedures for reconstruction symmetry and mastopexy). The mean
96 age of normal subjects was 26.8 years. The demographics of the subjects have been provided in

97  Supplementary Table 2.

98 Bacterial biofilm was observed in implant-associated capsules through scanning electron

99  microscopy (Fig. 1D, Supplementary Fig. S1A). Though biofilm was detected in the capsules of
100 implants from both Bll and non-Bll patients, the abundance of biofilm was significantly more in
101  the capsules of Bll subjects as observed through wheat germ agglutin (WGA) assay (Fig 1E-F).
102  The microbiological culture analyses of the tissues resulted in no growth of bacterial colonies
103 (data not shown). It has been reported that bacterial biofilms are difficult to detect through colony
104  forming assays due to their subdued metabolism 2" 22, Hence, in cases of bacterial biofilm, next
105 generation sequencing (NGS) using variable region of bacterial 16S rRNA gene are employed to
106  type bacteria and determine their abundance?®. Diverse types of biofilm forming bacteria were
107  observed associated with Bll, non-Bll and normal tissues (Fig. 1G-l) through next generation
108 sequencing (NGS) of the 16S rRNA variable region. Most of the species identified were
109  opportunistic bacteria associated with normal skin flora capable of forming biofilms. (Fig. 1G-I).
110 Comparative analyses with the normal, non-Bll and Bll groups revealed an increased abundance
111 of Staphylococcus epidermidis in Bll (Fig. 1J). The other bacteria found in increased abundance
112 in breast tissue was Cutibacterium acnes. Bivariate analysis using cross-tabulation was
113  performed between presence of biofilm and the study groups. Using the Fisher's exact test,
114  Staphylococcus epidermidis colonization was observed to be significantly higher (p<0.001) in the
115 Bl group (63.04%) compared to non-Bll group (14.3%) and the normal group. Using exact logistic
116  regression, the BIl group was 9.8 times significantly more likely to have S. epidermidis
117  colonization compared to the non-Bll group (p=0.003). Similarly, when comparing with normal
118  groups, the Bl group was 17.4 times significantly more likely to have S. epidermidis (p=0.0021).

119  C. acnes was not found to be associated (Fisher's exact p-value=0.116) with the groups defined
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120  in the study. However, though not significant, the Bll group (80.4%) tended to show 4 times higher
121  odds of colonization with C.acnes (Odds ratio from exact logistic regression=3.98 [95% CI: 0.32,

122 26.10, p=0.1684]) compared to the normal (50.0%) group (Fig. 1J, Supplementary Fig. S1B).

123  Increased Abundance of Biofilm Derived 10-HOME in Bll Subjects

124  The oxylipin (10)-hydroxy-(8E)-octadecenoic acid (10-HOME) is formed by the bacterial oxidation
125  of oleic acid (Fig. 2A). The oxylipin 10-HOME has been reported to inhibit flagellum-driven
126  swimming and swarming motilities and stimulate the formation of bacterial biofilms in vitro®*. The
127  oxylipin 10-HOME was synthesized in the laboratory (commercially not available) in natural
128  isotopic abundance (light) isotope and deuterated (heavy) isotope forms. The former was used
129  for biological experiments, whereas the later was used as a liquid chromatography-mass
130  spectrometry (LC-MS) standard. The synthesized 10-HOME was validated through thin layer

131  chromatography and NMR spectroscopy (Supplementary Fig. S2A-B).

132  Elevated levels of 10-HOME in implant-associated samples of Bll compared to non-Bll samples
133  were observed through mass spectrometry (Fig. 2B-D). Positive correlation was observed
134  between bacterial abundance and concentration of 10-HOME in BIl subjects (Fig. 2E). Similar
135  correlation was observed in Bll subjects with Staphylococcus epidermidis (Fig. 2F). To determine
136 if S. epidermidis was capable of synthesizing 10-HOME, it was cultured in vitro with oleic acid as
137  a source of carbon. Formation of 10-HOME was detected using gas chromatography-mass
138  spectrometry (Fig. 2G). Oxylipins have been reported to cause CD4* T cell activation®®. Hence,

139  we explored the role of CD4* T cells in BII.

140  Abundance of CD4* Th1 Cells in Implant-Associated Tissue of Bll Subjects

141  Breast tissue associated with the implant of Bll subjects showed increased presence of CD4*
142 T-BET* T cells compared to that of non-Bll breast tissue (Fig. 3A). T-BET transcription factor is

143  critical in Th1 subtype determination?. Th1 cells are associated with an auto-immune response
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144  in multiple illnesses including rheumatoid arthritis?’. The CD4* Th1 cells associated with BlI
145  subjects also were CD36" (Fig. 3B). CD36 is a fatty acyl translocase??; its level is upregulated
146  when uptake of fatty acid (normal or oxidized) is required. It is to be noted that Bll is a systemic
147  autoimmune manifestation. Hence, the peripheral blood of Bll and non-Bll subjects was analyzed
148  for CD4* T cells (Th1, Th2, Th9 and Th22). Increased abundance of Th1 cells was observed in
149  BIl subjects (N=9) as measured through flow cytometry using CD183/CXCR3 (CD4" Th1 cell
150  marker) (Fig. 3C). No significant difference was observed in the abundance of other Th subtypes
151 Th2 (CD194), Th9 (CD196) and Th22 (CD196) between BIl subjects and non-Bll subjects
152  (Supplementary Fig. S3A-B). The following human cell lines were used as positive control for
153  validation of surface antigens. Mac2A for CD183, Mac2B for CD194?° and TLBR1 for CD196%°
154  (Supplementary Fig. S3C-E). These results, however, don’t definitively establish that 10-HOME
155 led to CD4"Th1 cell induction or that 10-HOME can lead to CD36 upregulation. Thus, we studied

156  the effect of 10-HOME on human primary naive CD4* T cells.

157

158  Oxylipin 10-HOME Polarizes Naive CD4+ T Cells to Th1 Subtype in vitro

159 In order to study the effect of 10-HOME on T cells, naive CD4* T cells (isolated from human
160  peripheral blood mononuclear cells) were treated with 100 uM 10-HOME for 48h. Increased CD36
161  expression was observed in the 10-HOME treated CD4* T cells through immunocytochemistry
162  (Fig. 4A), flow cytometry (Fig. 4B) and quantitative real time PCR (Fig. 4H) indicative of the 10-
163 HOME mediated induction of CD36. Polarization to Th1 subtype occurred in the presence of 10-
164 HOME as observed through immunocytochemistry (Fig. 4C), flow cytometry (Fig. 4D), and
165 quantitative real time PCR (Fig. 4l). The CD4" cells exhibited increased expression of T-BET (a
166  transcription factor activated during the polarization of naive T cells to Th1 subtype?)(Fig. 4C,

167 4H, Supplementary Fig. 4A), CD183/ CXCR3 (CD4" Th1 cell marker) (Fig. 4D), and Th1
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168  secreted pro-inflammatory cytokine IFN-y through ELISA (Fig. 4E). The CD183* Th1 cells
169  exhibited increased abundance of CD36 marker (Supplementary Fig. 4B). The other subtypes
170  of CD4* T cells (Th2, Th9 and Th22) assayed didn’t exhibit any statistically significant increase in
171  abundance post 10-HOME treatment on naive CD4* T cells. Th2 cells were assayed using
172 surface marker CD194/CCR4 (Supplementary Fig. 4C), transcription factor GATA3
173  (Supplementary Fig. 4D) and anti-inflammatory cytokines IL 4 and IL10 (Fig. 4F-G). Th9 and

174  Th22 cells were assayed using surface marker CD196/CCR6 (Supplementary Fig. 4E).

175

176  Elevated CD4* Th1 in Peripheral Blood of Mice Administered with 10-HOME

177  To test if 10-HOME can induce Th1 cells in vivo, we administered 10-HOME into the abdominal
178 mammary fat pad of mice (Fig. 5A) as described in the Methods. An increased abundance of
179  CD4* Th1 cells was found in the murine blood 14 days post administration of 10-HOME (Fig. 5B).
180  Other subtypes of CD4" T cells (Th2) didn’'t exhibit any statistically significant increase in

181 abundance (Fig. 5C).

182

183 Discussion

184  Biofilm formation enables single-cell microbes to assume a temporary multicellular lifestyle, in
185  which “group behavior” facilitates survival in adverse environments®!. The transition from
186  planktonic growth (associated with acute pathogenic infections) to biofilm occurs in response to
187  environmental changes, and involves multiple regulatory networks thereby mediating the spatial
188  and temporal reorganization of the bacterial cell*'. Bacterial biofiims have been implicated to
189  cause gastric cancer by Helicobacter pylori*?, colon cancer3® 34 breast implant-associated

190  anaplastic large cell ymphoma (BIA-ALCL) and chronic inflammation3>-%’. The factors that involve
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191 interplay between host and pathogen are influenced by the micro-environmental niche where the
192  bacteria reside?* 38 3%, Breastimplants provided a conducive surface for the adherence and growth
193  of bacterial biofilms*®. The breast is a modified sweat gland, with multiple external opening from
194  the mammary ducts via the nipple, providing a passage for microbes (normal skin flora) to the
195 breasttissue. This concept has been supported by a report whereby researchers have shown the
196  presence of microbes deep inside the breast tissue*'. Many bacteria belonging to the normal
197  microflora of the body have been reported to form bacterial biofilms*?. Pseudomonas
198  aeruginosa® **, Staphylococcus aureus *° and Ralstonia picketii 4> *¢ are some of the common
199  biofilm forming species associated with breast implants. The bacterial biofilms are difficult to
200 detect since they have subdued metabolism and may not be detectable as CFUs in standard
201  microbiological assays 2" ?2. They can be identified through structural assays like scanning
202  electron microscopy (SEM)? 4 and genetic assays (e.g.,16S rRNA sequencing)*®. The
203  observation in this study of increased abundance of bacterial biofilm comprised of Staphylococcus
204  epidermidis associated with implant-associated tissue of Bll patients relative to controls was thus
205 critical in understanding to the potential pathology of Bll. It is to be noted that while this study was

206  being performed, anecdotal evidence of S.epidermidis with Bll was reported by Mark et al *° .

207  The oxidation of fatty acids is one of the main biochemical reactions in the synthesis of lipid
208  mediators. The oxygenation of unsaturated fatty acids leads to the formation of oxylipins, although
209 free fatty acids are not readily available as they are found as triglycerides. The action of bacterial
210 lipases, such as dioxygenases (DOX) and lipoxygenases (LOX) on breast adipose result in the
211 availability of free fatty acids. When oleic acid is used as a bacterial substrate, it is oxidized to
212 form 10-HOME. The unique adipose tissue found in breast tissue is rich in oleic acid containing
213 lipids®® 5'. The oxylipin 10-HOME has been reported to promote bacterial biofilms in vitro**. The

214  increased abundance of 10-HOME in our study associated with breast tissues of Bll subjects thus
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215  provides evidence that breast microflora may interact with breast lipids promoting the formation

216  of bacterial biofilms.

217  Oxylipins are also known to be immune-modulatory. It has been reported that 12,13 DiIHOME
218  derived from oxidation of linoleic acid led to the reduction of regulatory T cells (Tregs), impeded
219  immune tolerance and promoted childhood atopy and asthma?. Elevated levels of 10-HOME
220 formed due to bacterial biofilms could lead to immune cell activation. Reports suggest that CD4*
221 T cells are activated due to the persistent presence of a bacterial biofilm®2 5. CD4* T cells play
222 an important role in the pathogenesis of chronic systemic inflammatory autoimmune diseases
223 such as multiple sclerosis, diabetes and rheumatoid arthritis®-¢. CD4* T cells can be divided into
224  Th1, Th2, Th9, Th17 and Th22 subsets based upon the cytokines they produce. In chronic
225 inflammatory systemic autoimmune diseases such as diabetes, multiple sclerosis and rheumatoid
226  arthritis, Th1 cells were found to be involved® . It is to be noted that many of the symptoms of BlII
227  patients were similar to rheumatoid arthritis and multiple sclerosis®. Th1 cells trigger delayed type
228  hypersensitivity (DTH) reactions (which are mostly mediated by macrophages) and

229  immunoglobulin class switch towards IgG2a%5 %,

230 Oxidized lipids have been associated with pain and inflammatory conditions®®. Pain reported as
231  arthralgia and myalgia are common in Bll. We identified increased presence of CD4* Th1 cells
232 in the breast tissue and peripheral blood of Bll subjects. Findings of this study demonstrate that
233  10-HOME was capable of polarizing naive CD4* T cells towards Th1 subtype in vitro. Increased
234  abundance of transcription factor T-BET required for Th1 fate was identified post 10-HOME
235 treatment. The polarization to Th1 subtype was also supported by the observation of increased
236  expression of pro-inflammatory cytokine IFN-y secreted by Th1 cells. Systemic analyses in our
237  study didn’t revealed polarization towards Th2, Th9 and Th22 subtypes. It is to be noted that the

238  current work does not rule out the polarization of naive CD4" T cells to Th17 subtype upon
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239  treatment with 10-HOME. Th17 subtype has been also reported to be associated with auto-

240  immune syndrome®®.

241  To correlate the association of 10-HOME with activation of CD4* T cells in vivo, mice were
242  administered with 10-HOME in their mammary fat pad. An increased abundance of CD4" Th1
243 cells in peripheral circulation in 10-HOME administered mice was observed. These observations

244  also help to explain the increased abundance CD4" Th1 in the Bll subjects.

245  Taken together, we investigated the biofilm hypothesis of breast implant illness through a host-
246  pathogen interaction. The breast microenvironment led to formation of biofilm derived 10-HOME
247  from host oleic acid. The 10-HOME thus formed led to activation of CD4* Th1 cells in vitro and in
248  vivo. The study provides the first evidence of a possible link of biofilm derived 10-HOME inducing
249  an autoimmune response in patients with Bll. Additionally, in light of reports of biofilm association
250 with metal implants such as orthopedic arthroplasty, this study provides an explanation of
251  autoimmune responses reported using those metal implants'®2°. The findings of this study
252 suggest that management of biofilm can help to increase the safety and long-term use of implants.
253  Further research needs to be conducted to elucidate if other biofilm forming bacterial species are
254  involved in the pathogenesis of Bll. Also, more investigation is warranted to decipher the pathway
255 leading to the onset of Bl post-biofilm formation and the involvement of other biofilm derived

256 metabolites.

257

258  Materials and Methods

259 Human subjects. Subjects participating in the study were patients diagnosed with BIl.

260  Demographic characteristics of patients presented in (Supplementary Table 2). All human
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261  studies were approved by The Indiana University School of Medicine Institutional Review Board.

262  Declaration of Helsinki protocols was followed, and patients gave their written informed consent.

263  Animals. All animal (mice) experiments were approved by the Indiana University School of
264  Medicine Institutional Animal Care and Use Committee (SoM-IACUC) under protocol 19102 -
265  Murine model of breast implant diseases. Animals were housed under a 12-h light—dark cycle with

266  food and water ad libitum.

267  Bacterial strains. Staphylococcus epidermidis (Winslow and Winslow) Evans (ATCC® 35984 ™)

268  were grown on tryptic soy agar plate at 37°C.

269  Scanning Electron Microscope Imaging. The samples were collected in glutaraldehyde fixation
270  buffer, dehydrated with graded ethanol, and treated with hexamethyldisilazane (HMDS, Ted Pella
271 Inc.) and left overnight for drying®? 38, Before scanning, samples were mounted and coated with
272 gold. Samples were imaged with FEI™ NOVA nanoSEM scanning electron microscope (FEI™,

273 Hillsboro, OR) equipped with a field-emission gun electron source.

274  Wheat-germ agglutinin (WGA) staining. Paraffin embedded capsules surrounding the implant
275  were sectioned on the slide. Wheat Germ Agglutinin, Alexa Fluor™ 488 Conjugate (Invitrogen)
276  stock solution (1mg/ml) was diluted in PBS. The sections were stained with Wheat Germ
277 Agglutinin (dilution 1:200) for 10 mins . The slides were then mounted and imaged on a Zeiss

278  LSM 880 microscope equipped with the AIRYscan detector.

279  NGS sequencing for 16S rRNA. Microbial DNA in each sample were sequenced by MicrogenDx
280 Inc using the lllumina MiSeq sequencer. Forward and reverse primers were used to detect and
281  amplify the target sequence, for 16S gene in bacteria. The samples are differentiated from each
282  other when run on the MiSeq sequencer by a "tag," a unique identifying sequence attached to the
283  forward and reverse primers implemented when the targeted sequence is amplified using PCR.

284  Following PCR, purification of the pooled DNA was done by removing small fragments using both
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285  Agencourt Ampure beads and Qiagen Minelute kit. The DNA was quantified and prepared for
286  sequencing. Finally, the DNA library was run on the MiSeq sequencer. The sequencing reads
287 were analyzed for quality and length during the data analysis. The data analysis pipeline
288  consisted of two major stages, the denoising and chimera detection stage and the microbial
289  diversity analysis stage. During the denoising and chimera detection stage, denoising was
290 performed using various techniques to remove short sequences, singleton sequences, and noisy
291 reads. With the low-quality reads removed, chimera detection was performed to aid in the removal
292  of chimeric sequences. The high-quality sequencing reads of the variable region of 16S rRNA
293  were compared to curated database of MicrogenDx. The database is comprised of 18500 unique

294 bacteria.

295  Synthesis of 10-HOME. For the synthesis of 10-HOME, a convergent Horner-Wadsworth-
296 Emmons approach was employed. Indiana University has filed a provisional patent application
297  (Application # 63/107,626) on behalf of REM, IK and MS relating to the methods and synthesis of

298  10-HOME and its deuterated 17,17,18,18,18 ds analog to be used as analytical standards.

299 Primary T-cell isolation. Naive CD4* T cells were isolated from peripheral blood mononuclear
300 cells (PBMC). Briefly, PBMCs were isolated by Ficoll-Paque PLUS density gradient
301 sedimentation. Naive CD4* T cells were then enriched using immunomagnetic, column-free,
302 negative selection (Naive CD4 T cell isolation kit, Miltenyi Biotec)®'. Unwanted cells (CD8, CD14,
303 CD15, CD16, CD19, CD25, CD34, CD36, CD45R0O, CD56, CD123, TCRy/d, HLA-DR, and
304 CD235a (Glycophorin A)) were removed using antibody complexes recognizing non-naive CD4

305 T cells and dextran-coated magnetic particles.

306 Primary CD4* T cell culture and 10-HOME treatment. Primary CD4" T cells were cultured under
307 standard conditions at 37°C in a humidified incubator with 5% CO. in RPMI-1640 growth medium

308  supplemented with 10% FBS, 100 IU/ml penicillin, 0.1 mg/ml streptomycin, 10 mmol/l L-glutamine
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309 supplemented with IL2 for 48h®2. Following that, CD4* T cells were treated with oxylipin 10-HOME

310 (100 uM) or vehicle control for 48 h.

311  Immunohistochemistry and immunocytochemistry. Paraffin embedded breast tissue blocks
312  were sectioned, deparaffinized and immunostained?? 3 3, Immunohistochemical staining of the
313  sections were performed using standard procedures using the following primary antibodies: a-
314 CD4 antibody (abcam# ab133616; dilution 1:200), a-CD36 antibody (Abcam # ab80080, clone
315 MF3, dilution: 1:200), a- T-bet antibody (Abcam # ab91109, clone 4B10, dilution: 1:200). To
316  enable fluorescence detection, sections were incubated with appropriate Alexa Fluor® 488
317  (green, Molecular probes), or Alexa Fluor® 564 (red, Molecular probes) conjugated secondary
318 antibodies. The sections were counterstained with DAPI (Sigma). For immunocytochemistry, cells
319 were fixed with IC fixation buffer (eBioscience), blocked with 10 percent normal goat serum
320 (Vector Laboratories), incubated with primary and secondary antibodies and counterstained with
321 DAPI. Mosaic images were collected using a Zeiss Axiovert 200 M, inverted fluorescence
322  microscopy or confocal microscopy (LSM880). Image analysis was performed using Zen

323  (Zeiss) software to quantitate fluorescence intensity (fluorescent pixels).

324  Lipid extraction and 10-HOME quantification using LCMS. LC-MS/MS targeted analysis from
325 capsule and breast adipose tissue was performed. Samples were weighed and transferred to 2
326  mlvials with 1.4 mm ceramic beads and 1 ml of water with 0.1% formic acid. The standard solution
327  was prepared by aliquoting 1pl of each stock solution into a new tube drying the original solvent
328 and solubilizing in 1 ml of 100% ethanol to obtain a final concentration of 1 ng/ml each. Samples
329  were homogenized using Precellys24 tissue homogenizer (Bertin Technologies, Rockville, MD).
330 The total volume of the homogenate was extracted with ethyl acetate in a 1:1 volume ratio.
331  Samples were vortexed for 1 minute and centrifuged at 14.000 rpm for 10 minutes. The organic
332 phase was collected and transferred to a new vial to be evaporated and stored at -80°C until

333  analysis. The dried lipid extracts were reconstituted with 50 pl of methanol/water at 1:1 volume
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334  ratio and submitted for targeted quantification by liquid chromatography tandem MS (LC/MS/MS).
335  The LC column used was an Acquity UPLC BEH C18 1.7um particle size - 2.1x100 mm (Waters,
336  Milford, MA). The binary pump flow rate was set at 0.3mL/min in an Agilent UPLC (G7120A) using
337 water and 0.1% formic acid as mobile phase A and acetonitrile and 0.1% formic acid as mobile
338 phase B. The LC column was pre-equilibrated with 80% A for 1 min. The binary pump was set in
339 alinear gradient to 100% B in 8 min and held for 2.50 min. It was then returned to 80% A and re-
340 equilibrated for 4 min. Ten pL of the reconstituted sample was delivered to the column through a
341 multisampler (G7167B) into a QQQ6470A triple quadrupole mass spectrometer (Agilent
342  Technologies, San Jose, CA) equipped with ESI Jet Stream ion source. In the mass spectrometer
343  the capillary voltage was 3500 V on the negative ion mode, the gas temperature was 325°C, gas
344  flow was set at 8l/min, the sheath gas heater at 250°C and the sheath gas flow at 7 I/min. The
345 fragmentation voltage was 100 and the cell accelerator voltage was 4 V. The MRMs (parent-
346  fragment) for the acquisition included were 297.5->155.4 for 10-HOME and for the internal
347  standard it was 302.4->155.4. Concentrations in ng/mg of tissue were obtained by normalizing by
348 the dried weight of the sample homogenized and by the concentration of the deuterated internal
349  standard. To quantify 10-HOME, calibration curves were done with 7 serial dilutions of the stock
350 solution starting at 10 ng as the highest concentration. Data processing was carried out by using

351  Mass Hunter (B.06.00) using software Quant and Qual.

352  Flow cytometry analyses. The fluorescence and light-scattering properties (forward scatter and
353  side scatter) of the cells were determined by using BD Accuri C6. Signals from cells labeled with
354  conjugated fluorophores were detected. The following antibodies were used for different flow
355 cytometry analysis. PE anti-human CD183 (CXCR3) (clone G025H7, Biolegend # 353705, 2
356  ug/ml), PE anti-human CD194 (CCR4) (clone L291H4, Biolegend # 359412, 0.5 ug/ml), PE anti-
357 human CD196 (CCR6) (clone GO34E3, Biolegend # 353410, 0.5 ug/ml), FITC anti-human CD4

358 (clone A161A1, Biolegend # 357406, 0.5 ug/ml), APC anti-human CD194 (CCR4) (clone L291H4,
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359 Biolegend # 359407, 0.5 ug/ml), Alexa Fluor® 700 anti-human CD196 (CCRG6) (clone GO34E3,
360 Biolegend # 353433, 0.5 yg/ml), PE anti-human CD36 (clone 5-271, Biolegend # 336205, 1
361 ug/ml), FITC anti-mouse CD4 (clone GK1.5, Biolegend # 100406, 0.5 ug/ml), APC anti-mouse
362 CD36 (clone HM36, Biolegend # 102612, 0.5 pg/ml), PE anti-mouse CD183 CD36 (clone CXCR3-
363 173, Biolegend # 126506, 0.5 pg/ml), PE anti-mouse CD196 (clone 29-2L17, Biolegend # 129804,
364 0.5 ug/ml), APC anti-mouse CD194 (clone 2G12, Biolegend # 131211, 0.5 pg/ml), PE anti-mouse
365 FOXP3 (clone MF14, Biolegend # 126403, 0.5 pg/ml), PE anti-T-bet Antibody (clone 4B10,
366 Biolegend # 644809, 0.5 pg/ml). For intracellular markers, TBET and GATA3 permeabilization
367 was performed through True-nuclear transcription factor buffer set (Biolegend # 424401). Auto
368 compensation was performed using samples stained with single flurophores. Gates were set
369 manually. BD Diva (BD Biosciences), and FlowJo softwares were used for analyses®?.
370  Logarithmic scale was used to measure cell fluorescence. Appropriate IgG control fluorescence

371  compensation was applied to avoid false positive signals.

372  ELISA. Cell-free supernatants were collected and stored at —-80°C. ELISAs for IFN-y, IL4 and

373  IL10 were performed using DuoSet kits (R&D Systems) as per manufacturer’s protocol.

374  10-HOME administration in mice. At approximately 9 to 10 weeks of age, female mice were
375 anesthetized with isoflurane, and five injections of 10-HOME (15 mg/kg body weight) every
376 alternate day was made with a 27 G needle to the abdominal mammary fat pad of mice. Post-two
377  weeks of the dose the mice were euthanized. Blood, mammary fat pad and spleen were harvested

378 for subsequent analyses.

379  Quantitative RT PCR. Breast tissue was pulverized using tissue pulverizer (6770 Freezer/Mill)
380 and total RNA was extracted using miRVana (Thermo Fisher Scientific). cDNA was made using
381  SuperScript™ Il First-Strand Synthesis System (Invitrogen) or SuperScript™ VILO™ cDNA

382  Synthesis Kit (Invitrogen). Quantitative or real-time PCR (Sybr Green) approach was used for
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383 mRNA quantification -%8, Primer sequences used in this study provided in (Supplementary

384 Table 3).

385

386 Quantification and statistical analysis

387 The data analysis was performed using student's t-test (two-tailed) to determine significant
388  differences. Mean, standard deviation and student paired t-test analysis was done using in-built
389  function in Microsoft Excel 2010. Data are presented as mean + SEM (in vivo) or £ SD (in vitro)
390 as reported in figure legends. Comparisons among multiple groups were tested using ANOVA in-

391  built function in GraphPad Prism 8.4.2. p<0.05 was considered statistically significant.
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Figure 1. Bacterial Biofilm in Implant-Associated with BlI

(A) Schematic presentation of the bacterial biofilm association with breast implant iliness (BIl)
(B) Breast implant isolated from a subject
(C) Capsule associated with breast implant of the subject shown in (B)

(D) Increased abundance of bacterial biofilm from the implant-associated capsule of Bll compared to
non BIll subjects as determined through scanning electron microscopy. Zoomed insets of region of
interest (ROI) dotted yellow square shown. n=10 non-Bll subjects, n=25 BIl subjects.

(E-F) E, Increased abundance of bacterial biofilm as measured through wheat germ agglutinin (WGA)
assay in the capsules of BIl subjects compared to the non-Bll capsules. F, quantification of biofilm
aggregates using WGA staining. Data presented as mean + SEM, n=7 non-BIl, n=7 BII

(G-I) 16S rRNA NGS based bacterial typing from the breast tissues of G, normal; H, non-BIl and I, BlI
subjects. Top five bacterial species in each group represented. Absolute values of subject samples
associated with a bacterial species is provided in parenthesis n=8 (normal), n=14 (non-Bll), n=46 (BII)

(J) Increased abundance of biofilm forming Staphylococcus epidermidis in implant-associated breast
tissues of BIl subjects. Percentage of Patients with Cutibacterium acnes and Staphylococcus
epidermidis provided above the individual bars. n=8 (normal), n=14 (non-Bll), n=46 (BII)
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Figure 2 .Increased Abundance of Biofilm Derived 10-HOME in BIl Subjects

(A) Schematic of formation of 10-HOME from oleic acid

(B-D) Increased abundance of 10-HOME in implant associated tissue of BIl subjects. B.
Chromatograms of 10-HOME from non-Bll and BIl using LC-MS/MS targeted analyses. C. Data
presented as mean + SEM, n=6 (non-BlIl), n=17 (BIl). D. Receiver operating characteristic (ROC)
curve analysis to determine specificity and sensitivity of 10-HOME detection.

(E) Increased abundance of bacteria associated with 10-HOME detected from the implant associated
tissue of Bll subjects.

(F) Increased abundance of Staphylococcus epidermidis associated with 10-HOME detected from
the implant associated tissue of Bll subjects.

(G) Synthesis of 10-HOME by S. epidermidis in vitro upon using oleic acid as carbon source. Gas
chromatography- mass spectrometry analyses for detection of 10-HOME. i- oleic acid standard, ii-
10-HOME standard, iii- S.epidermidis with glucose as carbon source, iv- S.epidermidis with Oleic
acid as carbon source, v- quantification of 10-HOME abundance. n=4
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Figure 3. Abundance of CD4+ Th1 Cells in Implant Associated Tissue of Bll Subjects

(A) Increased expression of T-BET (transcription factor for Thl subtype) in breast tissue associated
with BIl subjects compared to non-BII breast tissue. Breast tissue immuno-stained with anti-CD4 (red)
antibody, anti-T-BET (green) and DAPI (blue). Intensity of TBET for the two groups, colocalization of
CD4 and T-BET depicted increased abundance of CD4* TBET" cells in the breast tissues of BlI
subjects. Data presented as mean + SEM, (n=7). Scale bar = 20 um

(B) Increased expression of CD36 (fatty acyl translocase) in breast tissue associated with BIl subjects
compared to non-BIl breast tissue. Breast tissue immuno-stained with anti-CD4 (red) antibody, anti-
CD36 (green) and DAPI (blue). Intensity of CD36 for the two groups, colocalization of CD4 and CD36
depicted increased abundance of CD4* CD36* cells in the breast tissues of BIl subjects. Data
presented as mean £ SEM, (n=7). Scale bar = 20 ym

(C) Elevated Thl subtype in the peripheral blood of BIl subjects. Flow cytometry analyses of
peripheral blood of subjects stained with anti-CD4 (FITC) and anti-CD183 (PE). Representative flow
plots. (i) non-Bll (ii) BII (iii) histogram with isotype control for CD183 (iv) % of CD4* CD183* T cells.
Data presented as mean + SEM, (n=5-11).
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Figure 4. Oxylipin 10-HOME Polarizes Naive CD4+ T Cells to Th1l Subtype in vitro

(A) Increased expression of CD36 in naive CD4* T cells treated with 100 pum of 10-HOME compared
to vehicle post-48h. T cells were immuno-stained with anti-CD4 (red) antibody, anti- CD36 (green)
and DAPI (blue). Intensity of CD36 quantified for the two groups. Colocalization of CD4 and TBET
depicted increased abundance of CD4* CD36" cells in the breast tissues of Bll subjects. Data
presented as mean = SD, (n=6). Scale bar = 10 ym

(B) Elevated CD36 in the 10-HOME treated naive T cells. Flow cytometry analyses of treated cells
stained with anti-CD4 (FITC) and anti-CD36 (APC). Representative flow plots. (i) vehicle treated (ii)
10-HOME treated (iii) histogram with isotype control for CD36 (iv) % of CD4* CD36* T cells. Data
presented as mean £ SD, (n=7).

(C) Increased expression of T-BET in naive CD4* T cells treated with 100 um of 10-HOME compared
to vehicle post-48h. T cells were immuno-stained with anti-CD4 (red) antibody, anti- TBET (green)
and DAPI (blue). Intensity of TBET quantified for the two groups. Colocalization of CD4 and TBET
depicted increased abundance of CD4* TBET"* cells in the breast tissues of Bll subjects. Data
presented as mean £ SD, (n=6). Scale bar = 10 ym

(D) Elevated Thl subtype (CD183*) in the 10-HOME treated naive CD4* T cells. Flow cytometry
analyses of treated cells stained with anti-CD4 (FITC) and anti-CD183 (PE). Representative flow
plots. (i) vehicle treated (ii) 10-HOME treated (iii) histogram with isotype control for CD183 (iv) % of
CD4* CD183*. Data presented as mean + SD, (n=7).

(E) Increased expression of Thl secreted pro-inflammatory cytokine IFN-y in the 10-HOME treated
naive CD4* T cells as measured through ELISA. Data presented as mean + SD (n=7).

(F-G) No significant change in the cytokines IL4 and IL10 followingl0-HOME treatment of naive CD4*
T cells as measured through ELISA, Data presented as mean + SD, (n=8).

(H-1) Increased expression of (H) CD36 (I) T-BET in 10-HOME treated naive T cells as measured
through quantitative real time PCR. Data presented as mean + SD, (n=6).
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Figure 5. Elevated CD4* Thl in Peripheral Blood of Mice Administered with 10-HOME

(A) Schematic representation of injection of 10-HOME in the abdominal mammary fat pad of mice.

(B) Elevated CD4* Th1l subtype in the blood of mice injected with 10-HOME. Flow cytometry analyses
of blood of mice stained with anti-CD4 (FITC) and anti-CD183 (PE). Representative flow plots. (i)
Vehicle treated (ii) 10-HOME treated (iii) % of CD4* CD183* T cells. Data presented as mean + SEM,
(n=4-6 mice).

(C) Unaltered CD4* Th2 subtype in the blood of mice injected with 10-HOME. Flow cytometry
analyses of blood of mice stained with anti-CD4 (FITC) and anti-CD194 (PE). Representative flow
plots. (i) Vehicle treated (ii) 10-HOME treated (iii) % of CD4* CD194* T cells. Data presented as mean
+ SEM, (n=4-6 mice).
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