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Characterization of the host inflammatory
response following implantation of prolapse

mesh in rhesus macaque

Bryan N. Brown, PhD; Deepa Mani, MBBS; Alexis L. Nolfi, BS; Rui Liang, MD;

Steven D. Abramowitch, PhD; Pamela A. Moalli, MD, PhD

OBJECTIVE: We sought to determine the predominant cell type
(macrophage, T lymphocyte, B lymphocyte, mast cell) within the area
of implantation of the prototypical polypropylene mesh, Gynemesh PS
(Ethicon, Somerville, NJ); and to determine the phenotypic profile
(M1 proinflammatory, M2 antiinflammatory) of the macrophage
response to 3 different polypropylene meshes: Gynemesh PS (Ethi-
con), and 2 lower-weight, higher-porosity meshes, UltraPro (Ethicon)
and Restorelle (Coloplast, Humblebaek, Denmark).

STUDY DESIGN: Sacrocolpopexy was performed following hysterec-
tomy in rhesus macaques. Sham-operated animals served as controls.
At 12 weeks postsurgery, the vagina-mesh complex was excised and
the host inflammatory response was evaluated. Hematoxylin and eosin
was used to perform routine histomorphologic evaluation. Identifica-
tion of leukocyte (CD45™) subsets was performed by immunolabeling
for CD68 (macrophage), CD3 (T lymphocyte), CD20 (B lymphocyte),
and CD117 (mast cell). M1 and M2 macrophage subsets were iden-
tified using immunolabeling (CD86™ and CD206™, respectively), and
further evaluation was performed using enzyme-linked immunosor-
bent assay for 2 M1 (tumor necrosis factor-alpha and interleukin [IL]-
12) and 2 M2 (IL-4 and IL-10) cytokines.

RESULTS: Histomorphologic evaluation showed a dense cellular
response surrounding each mesh fiber. CD45™ leukocytes accounted

for 21.4 + 5.4% of total cells within the perimesh area captured in
a x 20 field, with macrophages as the predominant leukocyte subset
(10.5 4 3.9% of total cells) followed by T lymphocytes (7.3 4+ 1.7%), B
lymphocytes (3.0 4 1.2%), and mast cells (0.2 &+ 0.2%). The
response was observed to be more diffuse with increasing distance
from the fiber surface. Few leukocytes of any type were observed in
sham-operated animals. Immunolabeling revealed polarization of the
macrophage response toward the M1 phenotype in all mesh groups.
However, the ratio of M2:M1 macrophages was increased in the fiber
area in UltraPro (P = .033) and Restorelle (P = .016) compared to
Gynemesh PS. In addition, a shift toward increased expression of the
antiinflammatory cytokine I1L.-10 was observed in Restorelle as
compared to Gynemesh PS (P = .011).

CONGLUSION: The host response to mesh consists predominantly of
activated, proinflammatory M1 macrophages at 12 weeks post-
surgery. However, this response is attenuated with implantation of
lighter-weight, higher-porosity mesh. While additional work is required
to establish causal relationships, these results suggest a link among
the host inflammatory response, mesh textile properties, and clinical
outcomes in the repair of pelvic organ prolapse.
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M ore than 250,000 women per year
in the United States will undergo

surgery for the treatment of pelvic organ

billion.”

prolapse, with direct costs totaling >$1
Native tissue repair has a
recurrence rate of 40% at 2 years4’5 ;

therefore, mechanical reinforcement of
tissues using synthetic mesh has
increased over the last decade. While
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Mechanical and structural characteristics associated with each

mesh'%?°

Gynemesh PS (Ethicon) UltraPro (Ethicon) Restorelle (Coloplast)
Weight, g/m? 44 31 19
Pore size, um 2240 >4000° 2370
Porosity, % 64 + 2.1 69 + 1.8 78 + 3.0
Stiffness, N/mm 28 £ 2.7 22 +28 11 +£0.89

2 UltraPro contained resorbable component (poliglecaprolactone 25) in addition to polypropylene allowing it to have very large
pores (4 mm) when this component is resorbed; values reported with resorbable component dissolved.
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mesh implantation has been shown to
improve anatomical outcomes in the

anterior and apical compartments,
complications are observed, particularly
with  transvaginal  placement,” "'

including mesh exposure through the
vaginal wall, shrinkage, erosion, and
pain.

Recent work suggests that mesh ex-
posures may be induced by stress
shielding. That is, a mismatch in stiffness
between the mesh and tissue lead to
degeneration of the underlying vagina
and a loss of mechanical integrity over
time. This maladaptive remodeling
response precipitates atrophy of the
smooth muscle layer associated with a
decrease in contractility as well as a shift
in tissue extracellular matrix composi-
tion and a loss of biomechanical integ-
rity.'*'* Differences in mesh properties
(weight, pore size, porosity, stiffness)
were shown to be related to the degree to
which this degenerative process occurs,
with higher-weight, lower-porosity, and
increased-stiffness mesh being associated

with increased vaginal tissue degradation.
Mesh with higher weight, lower porosity,
and increased stiffness has also been
suggested to result in increased rates of
complications in clinical practice.'”'®
Mesh complications may also be
attributable to the inflammatory pro-
cesses associated with the macrophage-
predominated foreign body reaction
mounted by the host following implan-
tation. Without question, the long-term
presence of activated proinflammatory
cells can have a negative impact on the
ability of a material to function as inten-
ded. However, a number of recent studies
have demonstrated that the macrophage
response is also an essential component
of the process leading to tissue incorpo-
ration, and functional remodeling of
implanted materials, suggesting the po-
tential for phenotypic dichotomy in the
host response.'””'® Indeed, macrophages
have been classified as having diverse and
plastic phenotypes along a continuum
between M1 (classically activated; proin-
flammatory) and M2 (alternatively

Demographic data collected (age, weight, gravidity, and parity)

Groups Age, y° Parity” Weight, kg® POP-Q stage”
Sham 12.6 + 2.8 3(2,6) 7.3 +1.4° 0(0,1)
Gynemesh PS 12.9 + 2.2 4(38,5) 82+16 0(0,0)
UltraPro 13.0 + 2.2 35(2,5.8) 78+14 0(0, 0.25)
Restorelle 138 +£17 5(3,5.5) 10.0 + 2.8° 0.5(0,1.3)
Pvalue* 780 970 .042 700

2 Mean = SD; ® Median (first quartile, second quartile); © Statistical significance between groups (P < .05); ¢ Comparison of

overall P value among groups.
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activated; regulatory, homeostatic) ex-
tremes.”” ' An increasing number of
studies in the field of biomaterials have
begun to apply these paradigms and
concepts, showing that macrophage po-
larization is a predictor of integration
following implantation in multiple ap-
plications.l&zz'25 However, the macro-
phage response following implantation of
surgical mesh with varying characteristics
has not been described. Moreover,
limited studies to date have addressed the
impact of mesh implantation on the
vagina—an organ with an immunologi-
cally distinct environment from that of
other tissues in which the host response
to mesh has been examined.

The objectives of the present study were
2-fold: (1) to determine the predominant
cell type (macrophage, T lymphocyte, B
lymphocyte, mast cell) within the area of
implantation of the prototypical poly-
propylene mesh, Gynemesh PS (Ethicon,
Sommerville, NJ); and (2) to determine
the phenotypic profile (M1 proin-
flammatory, M2 antiinflammatory) of the
macrophage response to 3 different
polypropylene meshes: Gynemesh PS,
and 2 lower-weight, higher-porosity
meshes, UltraPro (Ethicon) and Restor-
elle (Coloplast, Humblebaek, Denmark).

MATERIALS AND METHODS
Meshes

The test articles consisted of 3 poly-
propylene meshes with varying textile
and mechanical characteristics as previ-
ously described.'”*® Briefly, specific
weight and pore size were provided by
the manufacturer. Porosity was deter-
mined using a custom-designed algo-
rithm (Matlab, Version 8.0; Mathworks,
Natick, MA) and stiffness was deter-
mined by ball burst testing. Table 1
shows the relevant mechanical and
structural characteristics associated with
each mesh. Of note, UltraPro is manu-
factured with an absorbable component
(poliglecaprolactone 25) in addition to
polypropylene allowing it to have very
large pores (4 mm) when this compo-
nent is fully absorbed.

Animals
The samples for the present study were
obtained from a larger study.'”"’
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