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Extracellular matrix regenerative graft attenuates the
negative impact of polypropylene prolapse mesh on
vagina in rhesus macaque
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BACKGROUND: The use of wide pore lightweight polypropylene mesh
to improve anatomical outcomes in the surgical repair of prolapse has

been hampered by mesh complications. One of the prototype prolapse

meshes has been found to negatively impact the vagina by inducing a

decrease in smooth muscle volume and contractility and the degradation

of key structural proteins (collagen and elastin), resulting in vaginal

degeneration. Recently, bioscaffolds derived from extracellular matrix

have been used to mediate tissue regeneration and have been widely

adopted in tissue engineering applications.

OBJECTIVE: Here we aimed to: (1) define whether augmentation of a
polypropylene prolapse mesh with an extracellular matrix regenerative

graft in a primate sacrocolpopexy model could mitigate the degenerative

changes; and (2) determine the impact of the extracellular matrix graft on

vagina when implanted alone.

STUDY DESIGN: A polypropylene-extracellular matrix composite graft
(n ¼ 9) and a 6-layered extracellular matrix graft alone (n ¼ 8) were

implanted in 17 middle-aged parous rhesus macaques via sacrocolpopexy

and compared to historical data obtained from sham (n ¼ 12) and the

polypropylene mesh (n ¼ 12) implanted by the same method. Vaginal

function was measured in passive (ball-burst test) and active (smooth

muscle contractility) mechanical tests. Vaginal histomorphologic/

biochemical assessments included hematoxylin-eosin and trichrome

staining, immunofluorescent labeling of a-smooth muscle actin and

apoptotic cells, measurement of total collagen, collagen subtypes (ratio III/

I), mature elastin, and sulfated glycosaminoglycans. Statistical analyses

included 1-way analysis of variance, Kruskal-Wallis, and appropriate post-

hoc tests.

RESULTS: The host inflammatory response in the composite mesh-

implanted vagina was reduced compared to that following implantation

with the polypropylene mesh alone. The increase in apoptotic cells

observed with the polypropylene mesh was blunted in the composite

(overall P< .001). Passive mechanical testing showed inferior parameters

for both polypropylene mesh alone and the composite compared to sham

whereas the contractility and thickness of smooth muscle layer in the

composite were improved with a value similar to sham, which was distinct

from the decreases observed with polypropylene mesh alone. Biochemi-

cally, the composite had similar mature elastin content, sulfated glycos-

aminoglycan content, and collagen subtype III/I ratio but lower total

collagen content when compared to sham (P ¼ .011). Multilayered

extracellular matrix graft alone showed overall comparable values to sham

in aspects of the biomechanical, histomorphologic, or biochemical end-

points of the vagina. The increased collagen subtype ratio III/I with the

extracellular matrix graft alone (P¼ .033 compared to sham) is consistent

with an ongoing active remodeling response.

CONCLUSION: Mesh augmentation with a regenerative extracellular

matrix graft attenuated the negative impact of polypropylene mesh on the

vagina. Application of the extracellular matrix graft alone had no

measurable negative effects suggesting that the benefits of this extra-

cellular matrix graft occur when used without a permanent material. Future

studies will focus on understanding mechanisms.
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Introduction
Lightweight polypropylene mesh used in
the surgical repair of pelvic organ pro-
lapse has been associated with significant
mesh-related complications, most
commonly mesh exposure and pain.1-4

Gynemesh PS (Ethicon, Sommersville,
NJ), one of the most widely implanted

polypropylene meshes, has been shown
to induce a robust foreign-body
response and degenerative changes in
the vagina when implanted via sacro-
colpopexy including a decrease in
smooth muscle contractility and vol-
ume, a loss of mechanical integrity, a
decrease in matrix structural proteins
(collagen and elastin) accompanied by
an increase in glycosaminoglycan (GAG)
content, and an increase in the amount
and activity of matrix-degrading pro-
teases.5-8

In theory, these negative effects could
be overcome with the use of regenerative
biomaterials either in combination with
Gynemesh PS as a composite graft or
alone with the elimination of permanent

materials. However, given that the sac-
rocolpopexy is not an anatomical sur-
gery and regenerative matrices are
designed to restore or repair injured
tissues in a site-specific manner, it is not
clear whether the use of a regenerative
matrix in sacrocolpopexy surgery would
be successful.

Products derived from extracellular
matrices (ECM) have been widely
adopted in tissue-engineering applica-
tions and are considered a novel tool to
facilitate tissue regeneration. It has been
shown that these grafts, when placed in
the appropriate micro- and loading en-
vironments, can promote site-specific
functional tissue remodeling by
limiting destructive inflammatory
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responses, recruiting requisite cell pop-
ulations including progenitor cells, and
supporting cell attachment, prolifera-
tion, and matrix production.9,10

We chose to use MatriStem Surgical
Matrix RS (MatriStem RS, ACell Inc,
Columbia, MD), a noncross-linked
degradable acellular porcine urinary
bladder matrix, because it facilitates
reconstructive remodeling of smooth
muscle and connective tissue as shown in
its application in cardiac defect repair,
esophagus reinforcement, and chronic
wound repairs.11-14 It is important to
distinguish regenerative matrices such as
MatriStem (noncross-linked) from bio-
logic materials that have been chemically

cross-linked (eg, Pelvicol, Bard, Murray
Hill, NJ) to provide mechanical support
similar to polypropylene mesh. Perma-
nent cross-links can elicit more robust
proinflammatory foreign-body re-
sponses resulting in encapsulation and
fibrosis.15,16 Consequently, cross-linked
matrices have been associated with
comparable or increased complication
rates relative to that for the poly-
propylene mesh in prolapse
surgeries.17,18

In this study, we used a 2-ply
MatriStem in our composite graft to
counteract the degenerative changes
induced by Gynemesh PS (referred to as
Gynemesh going forward) with minimal

impact on its mechanical properties. To
evaluate the potential of using MatriS-
tem alone in prolapse repair, we chose a
6-layered product (MatriStem pelvic
floormatrix) withmechanical properties
in the range of those of polypropylene
mesh19 and slowed degradation rate for
replacement by host tissue. We hypoth-
esized that an ECM graft, via its innate
antiinflammatory and regenerative
properties, would limit the negative
impact of Gynemesh, and/or act as a
physical barrier between the native tissue
and the mesh. We further hypothesized
that an ECM graft alone would main-
tain/restore the structural and functional
properties of the vagina and support a
novel tissue bridge between the vagina
and the sacrum. The Gynemesh-
MatriStem composite and MatriStem
alone grafts were implanted in a rhesus
macaque model via sacrocolpopexy.6,7

The grafted vaginal tissues were evalu-
ated 3 months after surgery.

Materials and Methods
Animals
Middle-aged rhesus macaques were
maintained and treated according to
experimental protocols approved by the
Institutional Animal Care Use Com-
mittee of the University of Pittsburgh
(no. 13081928). Age, weight, parity, and
Pelvic Organ Prolapse Quantification
(POP-Q) stage were collected prior to
and after surgery. The POP-Q stage was
evaluated according to a modified POP-
Q examination.20

Surgical procedures
Sterile samples of Gynemesh, and 2-ply
and 6-ply MatriStem Surgical Matrix
were obtained and trimmed into straps
appropriate for sacrocolpopexy (3-cm
wide � 10cm long). Seventeen middle-
aged parous rhesus macaques were
implanted with a composite mesh
comprised of Gynemesh plus 2-ply
MatriStem (n ¼ 9) or 6-ply MatriStem
alone (n ¼ 8) via sacrocolpopexy after
hysterectomy (Figure 1). For the com-
posite, the precut MatriStem, trimmed
to the size of Gynemesh, was sutured to
the mesh with absorbable 3-0 Vicryl
(Ethicon) before mesh insertion. At
implantation, the composite mesh was
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FIGURE 1
Surgical implantation of Gynemesh-MatriStem composite mesh and
MatriStem via sacrocolpopexy

Surgical implantation of A, Gynemesh-MatriStem (2-ply) composite mesh and B, MatriStem (6-ply)
via sacrocolpopexy in rhesus macaque.
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TABLE 1
Demographics of nonhuman primates in study

Groups Age, y Parity Weight, kg POP-Q stage

Shama 14.5 (10.0, 15.0) 4 (2, 6) 7.5 � 1.3 0 (0, 1)

Gynemesha 13.0 (11.5, 14.0) 4 (2, 5) 7.9 � 1.6 0 (0, 0)

Composite 8.0 (7.0, 11.0)c 2 (2, 5) 7.7 � 1.8 0 (0, 0)

MatriStem 13.5 (12.0, 14.0) 4 (3, 4) 8.5 � 1.4 0 (0, 0)

P b .049 .949 .597 .225

Composite: Gynemesh-MatriStem (2-ply) (n ¼ 9); MatriStem: MatriStem (6-ply) (n ¼ 8).

Data for sham (n ¼ 12) and Gynemesh (n ¼ 12) were obtained from previous study.7

Results are expressed as mean � SD for weight or median (first quartile, third quartile) for age, parity and POP-Q stage.

POP-Q, Pelvic Organ Prolapse Quantification.

a Historical data; b Overall comparison of P value among groups; c P < .05 compared with sham.
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