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Breast implant illness (BII) is a poorly understood disease in which patients develop symptoms typical of autoimmune
conditions following breast implantation. There is no known underlying cause, and patients often resort to breast implant
removal and capsulectomy to alleviate symptoms. In this issue of the JCI, Khan and colleagues examined 86 breast
explants from patients that reported BII symptoms and 55 control explants. The BII group showed a disproportionally high
degree of biofilm, which was associated with oxylipin (10-HOME) on the implant surfaces. Injections of 10-HOME in the
mammary fat pad of a murine model recapitulated BII symptoms and increased Th1 cell populations. Notably,
macrophages in the periprosthetic tissue from BII patients were more likely to exhibit a proinflammatory phenotype, and
naive T cells exposed to 10-HOME caused naive macrophages to differentiate to a proinflammatory phenotype. This work
provides a pathophysiologic mechanism for a currently understudied and poorly characterized disease.
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Breast implant illness is rare 
and poorly understood
While silicone was long thought to be bio-
logically inert, there has been a growing 
interest in potential associations between 
various diseases and silicone implants. For 
example, breast implant–associated ana-
plastic large cell lymphoma (BIA-ALCL) 
was formally recognized by the WHO in 
2016 and has brought silicone implants 
under closer scrutiny. Further investiga-
tion of BIA-ALCL showed that the malig-
nancy has high association with textured 
implants (as opposed to smooth implants) 
and is, in fact, driven by chronic infection, 
likely secondary to biofilm production (1). 
Capsular contracture is also thought to be 
secondary to a dysregulated host response, 
possibly in response to chronic infection, 
resulting in poor cosmetic outcomes after 
breast implants (2). Following the identifi-

cation of malignancy associated with sili-
cone implants, interest in understanding 
the mechanisms by which silicone breast 
implants induce disease and the associa-
tion of chronic infection was renewed.

While formal definitions leave much 
to be desired, approximately 50 possible 
systemic subjective symptoms are attrib-
utable to BII, including fatigue, anxiety, 
and chronic pain (3). In certain cases, 
objective signs of the disease can man-
ifest, including endocrine, peripheral 
nervous system, and somatic dysfunc-
tions (4, 5). Unlike BIA-ALCL, there is no 
association between breast implant type 
and BII (6). Currently, surgical removal 
of the breast implant as well as capsulec-
tomy is the only effective treatment, and 
one study showed that BII accounts for 
approximately 4% of all implant removals 
(7). Laboratory testing that is sensitive or 

specific for BII remains to be identified 
(8). There are multiple competing the-
ories as to the cause of BII, although to 
date none have been convincingly proven 
(9). Previous clinical studies have shown 
chronic infections are present in a high 
proportion of explants for BII, although 
these studies have been limited by the 
relatively low sensitivity of typical clini-
cal microbiological testing in identifying 
organisms that are implicated in chronic 
infections (6). This data, in addition to the 
association between other breast implant–
related diseases, such as BIA-ALCL and 
capsular contracture, has led to investiga-
tion into the relationships between chron-
ic infections, biofilms, and BII (2).

10-HOME is noted in BII 
patient’s breast implants
In this issue of the JCI, Khan and authors 
present the largest translational study 
of human BII patients to date, observing 
nearly 140 total patients undergoing breast 
implant removal, with over half report-
ing BII symptoms (10). Through electron 
microscopy and the use of next generation 
sequencing, the authors show that there is 
a higher likelihood of S. epidermidis, among 
other bacteria, present on the implants of 
patients with BII. This data is an import-
ant addition to the literature, as previous 
investigations have only employed clinical 
microbiological testing, which has strug-
gled to completely define the rate and 
types of chronic infections in BII (6). Fur-
thermore, the authors show that (E)-10-hy-
droxyoctadecenoic acid (10-HOME), an 
oxylipin produced by bacteria that oxidize 
host oleic acids, is higher in the peripros-
thetic breast tissue of patients with BII (10). 
It is known that oxylipins such as 10-HOME 
promote the establishment of bacterial bio-
films (11). The authors show that the bac-
teria in higher abundance in the BII group 
produced more 10-HOME (10).

Khan and authors found through anal-
ysis of bulk RNA-Seq of the breast-im-
plant associated tissues, that gene expres-
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develop symptoms typical of autoimmune conditions following breast 
implantation. There is no known underlying cause, and patients often 
resort to breast implant removal and capsulectomy to alleviate symptoms. 
In this issue of the JCI, Khan and colleagues examined 86 breast explants 
from patients that reported BII symptoms and 55 control explants. The 
BII group showed a disproportionally high degree of biofilm, which was 
associated with oxylipin (10-HOME) on the implant surfaces. Injections 
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the periprosthetic tissue from BII patients were more likely to exhibit a 
proinflammatory phenotype, and naive T cells exposed to 10-HOME caused 
naive macrophages to differentiate to a proinflammatory phenotype. This 
work provides a pathophysiologic mechanism for a currently understudied 
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BII (10). It appears that BII is, at the very 
least, associated with bacterial biofilms, 
and this disease is driven by chronic host 
response to bacterial colonization. Previ-
ous publications have failed to completely 
characterize biofilms in patients reporting 
symptoms consistent with BII (6), and the 
present publication emphasizes the need 
for advanced microbiology and patholo-
gy techniques coupled with next genera-
tion sequencing tools, inclusive of special 
sequencing, in order to study this rare and 
poorly understood disease (10). Future 
work is necessary to decipher the relation-
ships between chronic infections and host 
response in patients that develop BIA-AL-
CL or BII and those that do not.
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The most important of which will be those 
that define the mechanism by which mac-
rophages polarize to a proinflammatory 
T cell phenotype, and its contribution 
to BII symptomatology. At present, the 
authors noted that macrophages were 
skewed to an M1-like proinflammatory 
phenotype in periprosthetic tissue, and 
confirmed, through coculture studies 
that pretreated T-cells with 10-HOME, 
that the polarization is likely due to T-cell 
related interactions (10). It is unclear at 
the present to what degree the inflamma-
tory macrophage phenotype drives the 
autoimmune-like symptoms of BII. Future 
directions should seek to understand the 
relevancy of inflammatory macrophages 
to BII symptomatology. Additional studies 
aimed at determining the contribution of 
the macrophage phenotype to BII symp-
toms and related mechanisms may iden-
tify targets for pharmacologic treatments 
of BII, either through macrophage-specif-
ic therapies or T-cell directed therapies. 
Future efforts in silicone implant device 
development should be aimed at reducing 
the susceptibility of these devices to bio-
film production in order to decrease the 
inflammatory immune response.

Implications and conclusions
Khan and colleagues presented a com-
prehensive analysis of nearly 140 patients 
undergoing breast implant removal and 
capsulectomy and identified a poten-
tial mechanism for the development of 

sion related to adaptive T cell responses, 
specifically the upregulation of the tran-
scription factor TBET, was altered. This 
finding is important, since TBET is a tran-
scription factor that is associated with the 
Th1 cell subtype. The authors followed up 
with a more in-depth investigation of the 
periprosthetic tissue, which identified a 
higher proportion of Th1 cells in the BII 
patients, and an associated increase of 
the Th1 cytokine IFN-γ with normal lev-
els of Th2-associated cytokines. In vitro 
analysis of undifferentiated human CD4+ 
T cells showed a polarization towards the 
Th1 subtype with an absence of differen-
tiation toward other T cell subtypes, and 
supernatants from S. epidermidis partially 
recapitulated the Th1 cell polarization. 
The authors attributed the polarization to 
heterogenous factors in the supernatant. 
Notably, mice injected with 10-HOME in 
the mammary fat pad showed increased 
CD4+ Th1 cells and exhibited fatigue 
symptoms. Finally, macrophages polar-
ized toward an M1-like phenotype in 
human periprosthetic tissue, which was 
again noted in the murine model injected 
with 10-HOME. Hence, the authors sug-
gest that Th1 cells, as a result of 10-HOME 
exposure, drive inflammatory macro-
phage polarization (10) (Figure 1).

Khan and colleagues present con-
vincing evidence regarding the connec-
tion between the oxylipin 10-HOME and 
BII, which prompts us to speculate about 
experiments for future investigations. 

Figure 1. 10-HOME from biofilm on implants provides a model for the immune response in women 
with BII. Bacteria such as S. epidermidis can establish bacterial biofilms on the surface of breast 
implants. S. epidermidis and/or other bacterial strains oxidize oleic acid to produce 10-HOME, 
which perfuses into periprosthetic breast tissue and blood. CD4+ T cells exposed to 10-HOME show 
increased expression of TBET and polarize into Th1 cells. Secretion of inflammatory factors by Th1 
cells drives inflammatory macrophage polarization to yield an M1-like proinflammatory phenotype 
and related symptoms.
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