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Introduction

Sutures thread are commonly used in various parts of  the body 
in the medical field. Absorbable sutures are also used in the oral 
cavity during surgical procedures. Many of  these absorbable su-
tures are made of  chemical compounds and one example includes 
suture made of  glycolic acid/lactic acid polyester (polyglactin) [1-
3]. Foreign body reaction is expected to naturally occur during 
the dissolution process due to the breakdown and absorption of  
the suture. However, the details of  the process have not been dis-
closed. We examined the histopathological response of  rat subcu-
taneous tissue after Vicryl absorbable suture was implanted until 

6 months and reported the results [4]. It was confirmed that mac-
rophages (Mφ) including many foreign body giant cells (FBGC) 
appear on the suture embedded in subcutaneous tissue. In this 
study, we used GFP bone marrow transplanted rat to investigate 
whether the Mφ including FBGC emerging around the absorbable 
suture is derived from bone marrow tissue.

Materials and Methods

GFP bone marrow transplanted rats were used as experimental 
animals. Five-week old female SD rats (Charles River Laborato-
ries Japan, Inc., Yokohama, Japan) and 6-week old female GFP 
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Abstract

Using the experimental system of  GFP (Green florescence Protein) bone marrow transplanted rats, we implanted the Vicryl 
absorbable suture thread in subcutaneous tissue and examined the formation of  foreign body granuloma histopathologically. 
We also compared the main cellular components, namely, the macrophage and foreign body giant cell immunohistochemically 
using GFP to confirm their origin. Histologically, the disintegrated suture thread was observed as a circular in void surrounded 
by the proliferation of  macrophages and foreign body giant cells. Fibrous connective tissue including the fibroblasts was in-
terposed among large masses. Even after 6 months, some clusters considered to be residues of  macrophages that grew on the 
suture were still remained. Immunohistochemical examination of  GFP showed that all proliferated macrophages and foreign 
body giant cells were GFP-positive. However, the relatively thin fibrous tissues formed on the outermost layer of  the granula-
tion tissue growth were mostly GFP-negative. Based on the results of  the experiment, the macrophages and foreign body giant 
cells that are GFP-positive were derived from the mesenchymal tissue of  transplanted bone marrow tissues.

Keywords: Foreign Body Granuloma; Macrophage; Foreign Body Giant Cells; Absorbable Suture; Bone Marrow Tissue; 
GFP; Bone Marrow Transplanted Rats.
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transgenic rat SD-Tg (CAG-EGFP) (Shimizu Laboratories Sup-
plies Co., Kyoto, Japan) were used to prepare the GFP bone mar-
row transplanted rats. GFP transgenic rat was sacrificed under 
ether anesthesia and the femur and tibia were excised. The soft 
tissues were removed as much as possible before the bone mar-
row cells were collected. Bone marrow cells were washed with 
RPMI 1640 medium containing antibiotics and then replaced with 
HBBS. Five-week old female rats syngeneic to GFP rats were irra-
diated with 10 Gray of  X-rays and transplanted with 1×107 bone 
marrow cells or more from the tail vein. Grafted rats with trans-
planted bone marrow at 4 weeks after bone marrow transplanta-
tion were used.

Using these rats, a glycolic acid/lactic acid polyester suture called 
Vicryl (V) (Johnson and Johnson Japan Co., Tokyo, Japan) was 
bundled and implanted in the dorsal subcutaneous tissue. Briefly, 
under general anesthesia by intraperitoneal injection of  pentobar-
bital, the back of  the rats was shaved, incised and the suture was 
implanted in the subcutaneous tissue. Then after, the incision was 
sutured 2 times. After 2 weeks, 1 month, 3 months and 6 months, 
the implanted site-tissues were removed as one block, fixed in 
10% neutral buffered formalin and paraffin-embedded sections 
were made and examined histopathologically.

For immunohistochemistry, the specimens were pretreated using 
citrate buffer (citrate buffer pH 6.0, LSI Medience Co., Tokyo, 
Japan) in an autoclave at 121°C for 10 min. This was followed 
by blocking with Protein Block Serum-free (Dako Japan Co., To-
kyo, Japan) for 30 min at room temperature. Anti-GFP antibody 
(ab290: Abcam, Cambridge, UK; 1/2000) was used as the primary 
antibody and the reaction was carried out at 4°C overnight. After 
secondary reaction with anti-rabbit immunoglobulin antibody for 
30 min, the slides were washed with PBS and then developed with 
DAB. Hematoxylin was used for nuclear staining.

This study was planned according to the Matsumoto Dental Uni-
versity Animal Experiment Committee and Okayama University 
Animal Experiment Guidelines and was conducted under the re-
view and approval of  both animal experimental committees.

Results

Histopathological Examination

At 2 weeks after implantation, the suture was observed as voids 
in various sizes according to its direction. Mφ and multinucleated 
FBGC proliferated around the voids. A relatively thin fibrous tis-
sue was formed on the outermost layer of  the granulation tissue 
(Figure 1a). Fibrous connective tissue including fibroblasts was 
interposed between clusters of  FBGC around the suture. At 1 
month after implantation, the void left by the suture decreased 
in size. Mφ filled the space for the most part. Furthermore, the 
FBGC were larger compared to those at 2 weeks and the number 
of  nuclei also increased (Figure 1b). At 3 months after implanta-
tion, Mφ almost disappeared forming clusters of  residues (Figure 
1c). Even at 6 months after implantation, clusters of  residual cells 
that grew on the suture were still observed (Figure 1d). However, 
they were fairly small and the number of  nuclei decreased com-
pared to those seen at 3 months.

Immunohistochemical Examination

At 2 weeks after implantation, the Mφ and FBGC were all GFP-
positive. Both cell membrane and cytoplasm of  Mφ were heav-
ily stained with GFP. The nucleus was stained with hematoxylin 
and is pushed to one side. The cytoplasm contains substances 
engulfed by the cell and was stained with hematoxylin. Similarly, 
the cell membrane of  FBGC was stained with GFP and the cy-
toplasm was slightly stained with hematoxylin. The outer layer 
of  fibrous tissue of  the expanded granulation tissue was GFP-
negative (Figure 2a).

One month after implantation, the voids became smaller. The fi-
brous tissue was filled with Mφ and fibroblasts which were GFP-
positive. The stain of  the cell membrane and cytoplasm in Mφ 
was more intense compared to 2 weeks. However, the intracellu-
lar substances resulting from phagocytosis lightly reacted to GFP 
compared to 2 weeks. The multinucleated giant cells were stained 
similarly to those at 2 weeks (Figure 2b). 

Figure 1. Histopathological image of  cell proliferation at the site where the suture was embedded (HE stain). Although the 
proliferation of  Mφ and FBGC are observed from 2 weeks to 1 month, almost of  Mφ deleted and some are remained after 3 
months. The nuclei count in some clusters of  Mφ decrease at 6 months (a: 2 weeks; b: 1 month; c: 3 months; d: 6 months; 

Scale bars=100m).
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Three months after implantation, residual Mφ that formed clus-
ters were still observed. The cell membrane was densely positive 
to GFP and the cytoplasm was lightly stained with hematoxylin. 
The cell membrane of  the multinucleated giant cells was stained 
with GFP and the cytoplasm was stained with hematoxylin. Some 
of  the fibroblasts in the fibrous tissues surrounding the clusters 
of  residual Mφ and and the around tissues were sometimes possi-
tive to GFP (Figure 2c).

Six months after implantation, clusters of  residual Mφ that pro-
liferate around the suture were GFP-positive. The cell membrane 
was stained with GFP and the cytoplasm was stained with hema-
toxylin (Figure 2d).

Discussion

Sutures are widely utilized in the medical field. Some absorbable 
sutures are also used in the oral cavity during surgical procedures. 
Although it can be assumed that a foreign body reaction occurs 
during the process of  disintegration or absorption of  the suture, 
details on the mechanism have not been disclosed.

Therefore, we conducted an experiment on the histopathological 
examination of  absorbable sutures and reported the results [4].  
Histopathologically, the suture was observed as a void surround-
ed by Mφ and multinucleated FBGC. Fibrous connective tissue 
with fibroblasts was observed interposed among the clusters of  
FBGC. Six months after implantation, some clusters of  residual 
cells that proliferated around the suture could still be observed.

Mononuclear cells and FBGC were also reported to be positive to 
CD68 in immunohistochemical study. Furthermore, it was clearly 
shown that FBGC was formed by the coalescence of  Mφ [4]. Sim-
ilar histopathological findings were obtained in this study using 
the same experimental system.

A rat model of  bone marrow transplantation was used due to 
our assumption that the cells that proliferated around the em-
bedded suture were supplied by the bone marrow [5-7]. In GFP 
transgenic rats, all the cells constituting the tissue expressed the 

GFP protein and even if  the transplanted bone marrow-derived 
cells differentiate into other cells, tracking of  the differentiated 
cells was possible because of  the GFP protein they carry. So far, 
Tsujigiwa et al., studied the pluripotency of  bone marrow-derived 
cells by using this technique and learned that the cells migrated 
and differentiated into constituent cells of  the tooth and the peri-
odontal tissues [8]. They showed that GFP-positive cells derived 
from transplanted bone marrow have migrated to the oral cavity 
within a short period of  time, specifically, one month after trans-
plantation and were distributed in the teeth and surrounding tis-
sues. According to the research group, some of  the cells that were 
positive to GFP include dendritic cell-like cells, Langerhans cells, 
osteoclasts, periodontal fibroblasts and some vascular endothelial 
cells in the periodontium of  the mouse [9-13]. Furthermore, our 
research group have overviewed the role of  bone marrow derived 
cells in the repair of  the periodontal ligament inflammatory le-
sions [14]. The review manuscript concluded that the bone mar-
row derived mesenchymal cells migrate and differentiate into the 
tissue specific cells.

Based on the results of  the immunohistochemical examination, 
nearly all cells of  the granulation tissue which proliferated at the 
site where the suture was implanted were GFP-positive. Further-
more, within the granulation tissue, small amounts of  fibroblasts 
and collagen fibers were interspersed and they were GFP-nega-
tive.

In the past, our research group also conducted experiments using 
cholesterin embedded in mouse models as representatives of  for-
eign body granulomas. Cholesterin was implanted into the subcu-
taneous tissue of  the dorsal region of  the mouse and histological 
responses, as well as some immunohistochemical analysis, were 
reported [15]. The results observed on the granulation tissue us-
ing GFP in this experiment were roughly similar to the findings 
of  Sakai et al., using cholesterin crystals implanted in the subcuta-
neous tissues in GFP-transplanted model mice [15]. 

The staining pattern of  the cytoplasm in proliferated Mφ was 
similar to the peripheral stain of  round structures in the center 
of  the cells. Some of  them stained pale violet and some were 

Figure 2. Immunohistopathological image cell proliferation at the implanted site (GFP-IHC). From 2 weeks to 1 month, the 
cell membrane of  bone marrow-derived Mφ and FBGC are deeply stained with GFP and the cytoplasm was lightly stained 

with GFP. However, the fibroblasts were stained only with hematoxylin; the cytoplasm is lightly stained and the nucleus was 
intensely stained with hematoxylin. GFP-positive Mφ deceased in the tissues at 3-month-specimen.In 6-month-specimens, 

the clusters of  residual some Mφ are GFP-positive. (a: 2 weeks; b: 1 month; c: 3 months; d: 6 month; Scale bars=100m).
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almost devoid of  stain. These structures are vacuoles resulting 
from phagocytosis by Mφ and the change in stain was considered 
to be due to the degree of  hydrolysis of  the absorbable suture as 
time passed by.

In this experiment, we showed that both Mφ and FBGC were 
positive to GFP while the fibrous tissues including the fibroblasts 
interspersed between Mφ and FBGC were negative to GFP. The 
results showed that the Mφ and FBGC were derived from the 
transplanted bone marrow mesenchymal cells.
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