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Background: Decreasing the proinflammatory M1 macrophages or shifting the polarization status from M1 to M2 phenotype is
thought to be beneficial for tendon-to-bone healing. In anterior cruciate ligament reconstruction (ACLR), using an insertion-
preserved hamstring tendon (IP-HT) graft compared with a free hamstring tendon (FHT) graft has been shown to reduce graft
necrosis and improve healing. However, the role of macrophage polarization at the tendon-to-bone interface is unclear.

Hypothesis: ACLR using IP-HT graft would facilitate the phenotype shift from M1 to M2 macrophages at the tendon-to-bone
interface.

Study Design: Controlled laboratory study.

Methods: Unilateral ACLR was performed on 42 healthy New Zealand White rabbits (study group, 21 rabbits with IP-HT graft;
control group, 21 rabbits with FHT graft). At days 1, 3, and 7 and weeks 3, 6, 12, and 24 postoperatively, 3 rabbits in each group
were sacrificed to investigate and compare the expression of surrogate markers for M1 macrophages (inducible nitric oxide
synthase [iNOS] and tumor necrosis factor a [TNF-a]) and M2 macrophages (CD206 and transforming growth factor b [TGF-b]) via
immunohistochemical staining and evaluation.

Results: In the control group, the percentage of iNOS- and TNF-a–positive cells from postoperative day 7 and week 3 increased
then decreased by week 6; positive expression of CD206 and TGF-b was weaker and peaked at 3 weeks postoperatively. In the
study group, high CD206- and TGF-b–positive expression was observed from weeks 3 to 12 and peaked at week 6, and positive
expression of iNOS- and TNF-a was weaker and peaked on day 7. At both 7 days and 3 weeks, the percentages of iNOS- and
TNF-a–positive cells in the control group were both significantly higher than in the study group (P � .04 for all). At 6 weeks, the
percentages of CD206- and TGF-b–positive cells in the study group were both significantly higher than in the control group (P¼ .02
and P ¼ .04, respectively).

Conclusion: More expression of surrogate markers for M2 macrophages was observed in the tendon-to-bone healing process
after ACLR using IP-HT versus FTP graft.

Clinical Relevance: Using IP-HT grafts in ACLR may facilitate postoperative healing by shifting the local status of macrophage
polarization at the tendon-to-bone interface.
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Anterior cruciate ligament (ACL) injury has been treated
surgically by replacing the function of the ACL with that of

a graft. Autologous hamstring tendon graft is one of the
most popular grafts for ACL reconstruction (ACLR).4,7

Although the clinical outcomes of ACLR are generally good,
delayed or incomplete tendon-to-bone healing can result in
recurrent laxity and can also complicate revision sur-
gery.15,28 The slow process of tendon-to-bone healing
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contributes to the prolonged rehabilitation period,
increased risk of reinjury, and risk of long-term failure
after ACLR.18,20

For now, most of the tendon grafts are avascular free
grafts, which undergo graft necrosis in the early postop-
erative period after ACLR, and result in poor tendon-to-
bone healing with the formation of a fibrovascular scar
tissue interface.18,23 To avoid graft necrosis, the
insertion-preserved hamstring tendon (IP-HT) was pro-
posed to provide a vascularized graft22,30 and was proved
to bypass the stages of avascular necrosis and revascu-
larization13,14,19,21 and improve the healing between ten-
don graft and bone tunnel after ACLR.14,19 However, the
underlying mechanism was still unclear.

In the early necrosis phase after ACLR, inflammatory
cell infiltration can be observed around the graft.12

Recently, the roles of inflammation regulation and macro-
phage polarization at the tendon-to-bone interface have
been clarified. It has been shown that the fibrous scar tis-
sue at the tendon-to-bone interface could result from the
infiltrating macrophages, while the macrophage elimina-
tion would inhibit scar formation and improve fibrocarti-
lage growth in the interface.9,12 Further studies have
confirmed that the tendon-to-bone healing could be inhib-
ited by M1 macrophage (the main mediator of inflamma-
tion) and could be improved by M2 macrophage.8,10,24,27 M1
macrophages usually appear early after tissue necrosis and
are involved in the process of early inflammatory response
and angiogenesis, mainly by secreting interleukin (IL)-1a,
IL-6, tumor necrosis factor a (TNF-a), and other proinflam-
matory factors, and the production of nitric oxide via the
induced synthesis of inducible nitric oxide synthase
(iNOS).3,11 Persistent M1 activation will result in chronic
inflammation and play a negative role in the healing
process.2 M2 macrophages, mainly secreting IL-10,
insulin-like growth factor 1 (IGF-1), transforming growth
factor b (TGF-b), and other anti-inflammatory cytokines or
growth factors, are thought to play important roles in tissue
remodeling and healing.25,26 According to a previous study,
CD206, a cell surface protein, is normally expressed on the
M2 but not M1 subtype and therefore serves as a useful
marker to identify the M2 phenotype.29 The regulation of
shifting macrophages from M1 to M2 phenotype seemed to
successfully promote tendon-to-bone healing in animal
models.5,16

Based on the evidence that the IP-HT could bypass the
necrosis phase and improve the tendon-to-bone healing, we

hypothesized that using IP-HT grafts in ACLR would influ-
ence the local status of macrophage polarization at the
tendon-to-bone interface, specifically, facilitating the shift
from M1 to M2 phenotype. This study investigated and
compared the expression of surrogate markers for M1 and
M2 at the tendon-to-bone interface after ACLR using IP-HT
or free hamstring tendon (FHT) graft.

METHODS

Study Design

After random enrollment into a study group or a control
group, ACLR was performed on 42 male, skeletally mature
(age, 8 months) New Zealand White rabbits (weight, 3.3 ±
0.3 kg) using the semitendinosus tendon autografts at the
right knees. All animals were preoperatively confirmed to
be healthy by a veterinarian. The 21 rabbits in the study
group underwent ACLR using the semitendinosus tendons
with intact tibial insertions, and the 21 rabbits in the con-
trol group underwent ACLR using the detached semiten-
dinosus tendons. Postoperatively, 3 rabbits in each group
were sacrificed to harvest the specimens at days 1, 3, and 7
and weeks 3, 6, 12, and 24. The experimental design was
approved by an institutional animal care and use commit-
tee, and the study was conducted according to the Guide for
the Care and Use of Laboratory Animals. All animals were
procured from Shanghai Jiaotong University.

Surgical Procedure

All rabbits underwent unilateral ACLR using semitendin-
osus tendon autograft as previously described.14 After the
rabbit underwent general anesthesia and its knee was
shaved, disinfected, and draped, the semitendinosus ten-
don was exposed and harvested at its proximal musculoten-
dinous junction. Its tibial insertion was either detached or
preserved according to the group. The original ACL was
exposed and removed. The harvested semitendinosus ten-
don was advanced through the tibial and femoral tunnels,
which were created using 2.0 mm–diameter K-wire at the
footprints of native ACL. In the control group, both the
tibial-side and femoral-side free ends of the graft were fixed
via suture. The free end of the graft was sutured to the
adjacent periosteum outside the femoral tunnel using 3-
0 Ethibond (Ethicon, USA) for fixation on the tibial side.
Then, after the graft on the femoral side was pulled under
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maximum manual tension, its free end was also fixed via
suture. In the study group, only the free end of the graft on
the femoral side was fixed via suture after the graft was
pulled under maximum manual tension. After being
flushed with normal saline, the wound was closed in
layers. After being disinfected again and injected with
penicillin, the animal was returned to its cage without any
immobilization.

Immunohistochemistry Staining and Analyses

To test whether IP-HT grafts could influence the pheno-
type of macrophages, we carried out immunohistochemis-
try according to the previously reported standard
method.6 The tendon-to-bone interface at a depth of
5 mm from the tibial joint surface was evaluated. After
deparaffinzing and rehydrating, the paraffin section
underwent antigen retrieval. Then 3% hydrogen peroxide
was used to block endogenous peroxidase activity. After
serum sealing, primary and secondary antibody incubations,
DAB chromogenic reaction, and nucleus counterstaining,
the section was dehydrated and mounted. According to the
results of antibody activity in our preliminary experiment,
anti-CD206 (DF7523; Affinity), anti-iNOS (DF7688; Affin-
ity), anti–TNF-a (AF5202; Affinity), and anti–TGF-b
(AF6330; Affinity) were the primary antibodies utilized.
According to a previous report,31 the positive area at the
tendon-to-bone interface was quantified (the percentage
of positive cells) using ImageJ software (US National Insti-
tutes of Health) by the third author (Z.L.), who was blind to
group allocation. Three slices of each sample were quantified
to obtain an average value, representing the value of this
sample.

Statistical Analysis

All continuous data were reported as mean and standard
deviation. The Student t test or nonparametric Mann-
Whitney U test was used to analyze the difference between
the 2 groups at each time point. Data analysis was per-
formed using Stata 13.0 software (Stata Corp). The statis-
tical significance level was set at .05.

RESULTS

Expression of the M1 Marker (iNOS)

The results showed that there was no obvious positive
expression of the M1-marker (iNOS) in both groups on post-
operative days 1 and 3. From day 7 to week 3, a signifi-
cantly greater positive expression was observed in the
control group versus the study group. At 6, 12, and 24
weeks, there was no obvious positive expression in the 2
groups (Figure 1, A and B). The percentage of iNOS-
positive cells was significantly higher in the control group
versus the study group on both day 7 (67.7% ± 12.9% vs
22.0% ± 8.0%; P ¼ .04) and week 3 (47.0% ± 8.0% vs 5.3%
± 3.5%; P ¼ .01) (Figure 1C).

Expression of M1-Related Inflammation Factor
(TNF-a)

The immunohistochemical results of inflammation factor
(TNF-a) showed that there was no significant positive
expression in either group from 1 day to 3 days after sur-
gery. The positive expression was found in the control
group from 7 days to 6 weeks after surgery. In the study
group, the positive ratio was always lower than that in
the control group from 7 days to 24 weeks after surgery,
with the peak centered at 3 weeks (Figure 2, A and B).
Quantitative analyses showed that the percentage of
TNF-a–positive cells was significantly higher in the control
group versus the study group at 7 days (79.3% ± 11.6% vs
26.3% ± 3.2%; P¼ .01) and 3 weeks (66.0% ± 10.5% vs 28.7%
± 6.5%; P ¼ .03) (Figure 2C).

Expression of the M2 Marker (CD206)

The results of immunohistochemical staining and quanti-
tative analyses for the M2 macrophage marker (CD206)
showed that there was no obvious positive expression in the
2 groups at 1 day and 3 days after surgery. The control
group showed obvious positive expression at 7 days and
3 weeks after surgery. There was no obvious positive
expression in the control group at 12 and 24 weeks. The
positive expression was found in the study group from
7 days to 12 weeks after surgery, peaking at 3 and 6 weeks
(Figure 3, A and B). Quantitative analyses showed that the
percentage of CD206-positive cells at 6 weeks was signifi-
cantly higher in the study group versus the control group
(46.3 ± 7.5 vs 12.7 ± 5.7; P ¼ .02) (Figure 3C).

Expression of M2-Related Growth Factor (TGF-b)

There was no significant positive expression of M2-related
growth factor (TGF-b) in either group between 1 day and 3
days after surgery. At 7 days and 3 weeks after surgery,
there was strong positive expression in the control group.
After that, the positive expression in the control group
decreased. At 7 days and 3 weeks after surgery, the positive
ratio in the study group was lower than that in the control
group. At 6 weeks after surgery, there was strong positive
expression in the study group. At 12 and 24 weeks after
surgery, positive expression was still visible in the study
group (Figure 4, A and B). Quantitative analyses showed
that the percentage of TGF-b–positive cells in the study
group was significantly higher than that in the control
group at 6 weeks after surgery (47.3 ± 8.5 vs 17.3 ± 4.5;
P ¼ .04) (Figure 4C).

Changes in Expression Over Time

We further analyzed the trends of positive expression in the
2 groups with time after surgery, respectively, and found
that the CD206 and TGF-b–positive expression predomi-
nated in the study group. More significant expression was
observed between 3 and 12 weeks after surgery, with the
peak centered at 6 weeks. Positive expression of iNOS and
TNF-a was overall weaker than that of CD206 and TGF-b,
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peaked at 7 days, and then declined to a relatively low level
(Figure 5A). In the control group, the expression of iNOS
and TNF-a predominated, and more significant expression
was observed at 7 days after surgery and decreased to a
relatively low level by 6 weeks. The CD206 and TGF-b
expression was weaker than the iNOS and TNF-a expres-
sion, peaking at 7 days and up to 3 weeks after surgery,
after which the expression was not obvious (Figure 5B).

DISCUSSION

This study compared immunohistochemistry results of
iNOS, CD206, TNF-a, and TGF-b after ACLR using FHT
versus IP-HT graft at days 1, 3, and 7 and weeks 3, 6, 12,
and 24. The most important finding was that the use of an
FHT graft resulted in significantly positive expression of
surrogate markers for M1 (iNOS and TNF-a) at the
tendon-to-bone interface in the early time after ACLR while

the use of an IP-HT graft led to less expression of surrogate
markers of M1 and changed the positive ratio and existence
duration of surrogate markers of M2 (CD206 and TGF-b).

After ACLR using FHT graft, the graft undergoes a
necrosis phase with excessive local inflammation reaction
and inflammatory cell accumulation with macrophages in
the majority.12 Generally, macrophages can be classified
into 2 subpopulations according to their polarization status:
classically activated M1 macrophages and alternatively
activated M2 macrophages.1,17 M1 macrophages usually
appear early after tissue necrosis; are involved in the pro-
cess of early inflammatory response; and also have an
important role in initiating angiogenesis, mainly by secret-
ing IL-1a, IL-6, TNF-a, and other proinflammatory factors.3

Persistent M1 activation will result in chronic inflamma-
tion and play a negative role in the healing process.3 M2
macrophages, mainly secreting IL-10, IGF-1, TGF-b, and
other anti-inflammatory cytokines or growth factors, are
thought to play important roles in tissue remodeling and

Figure 1. Immunohistochemical staining of inducible nitric oxide synthase (iNOS) in the study groups at postoperative (A) days 1, 3,
and 7 and (B) weeks 3, 6, 12, and 24. Scale bars indicate 100 mm. (C) Percentage of iNOS-positive cells at the tendon-to-bone
interface; error bars represent SDs. Part A: A-1 day study group; B-3 day study group; C-7 day study group; D-1day control group;
E-3 day control group; F-7 day control group. Part B: A-3 week study group; B-6 week study group; C-12 week study group; D-24
week study group; E-3 week control group; F-6 week control group; G-12 week control group; H-24 week control group. *Signif-
icant difference between groups (P < .05). ACLR, anterior cruciate ligament reconstruction; FHT, free hamstring tendon; IP-HT,
insertion-preserved hamstring tendon.
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healing.25,26 Our previous study reported the histologic,
radiologic, and biomechanical results after ACLR using a
semitendinosus tendon, with or without the tibial insertion
preserved, in a rabbit model at postoperative weeks 3, 6, 12,
and 24 and showed that an IP-HT graft in ACLR sustained
enough blood supply to bypass the graft avascular necrosis
stage and result in better tendon-to-bone healing, which
ensured a higher biomechanical strength.14 In this study,
we found that the use of an FHT graft resulted in a higher
ratio of iNOS- or TNF-a–positive (M1-like) cells at the
tendon-to-bone interface in the early time after ACLR while
the use of an IP-HT graft led to fewer M1-like cells and a
higher proportion of CD206- or TGF-b–positive (M2-like)
cells. Several studies have proved that decreasing the
proinflammatory M1 macrophages or shifting the polariza-
tion status from M1 to M2 phenotype is beneficial to
tendon-to-bone healing.5,10,16,24 Song et al27 proved that
M1 macrophage played a positive role in aseptic

inflammation–related graft loosening after ACLR. Gulotta
et al8 observed a significant decrease of M1 macrophages
and improved tendon-to-bone healing after administering
TNF-a antibodies in a rat model. Hays et al9 eliminated
macrophage in the early postoperative phase in rats with
liposomal clodronate and found less fibrovascular scar tis-
sue and more fibrocartilage between graft and bone tunnel.
Chen et al5 found that conditioned medium of bone marrow
stem cells could improve tendon-to-bone healing by inhibit-
ing the M1 phenotype and promoting the M2 phenotype.
Considering these studies with our results, the shifting
from the M1 to M2 phenotype might be an important reason
for the improvement of tendon-to-bone healing.

In addition, our results revealed the different trends of
macrophage polarization in the 2 groups after ACLR. Pre-
viously, Kawamura et al12 observed the interface between
free flexor digitorum longus tendon and bone tunnel and
found that M1 macrophages accumulated early after

Figure 2. Immunohistochemical staining of tumor necrosis factor a (TNF-a) in the study groups at postoperative (A) days 1, 3, and 7
and (B) weeks 3, 6, 12, and 24. Scale bars indicate 100 mm. (C) Percentage of TNF-a–positive cells at the tendon-to-bone interface;
error bars represent SDs. Part A: A-1 day study group; B-3 day study group; C-7 day study group; D-1day control group; E-3 day
control group; F-7 day control group. Part B: A-3 week study group; B-6 week study group; C-12 week study group; D-24 week
study group; E-3 week control group; F-6 week control group; G-12 week control group; H-24 week control group. *Significant
difference between groups (P < .05). ACLR, anterior cruciate ligament reconstruction; FHT, free hamstring tendon; IP-HT,
insertion-preserved hamstring tendon.
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surgery and lasted for 4 weeks while M2 macrophages did
not emerge until 11 days after surgery and were highly
expressed until 4 weeks. In the FHT group, we found that
the expression of surrogate markers for M1 macrophage
predominated at 7 days after surgery and lasted for
3 weeks. The expression of surrogate markers for M2 mac-
rophage also peaked at 7 days and up to 3 weeks after
surgery but was significantly less than the expression of
those for M1 macrophage. In the IP-HT group, we found
that the expression of surrogate markers for M1 macro-
phage, also peaking at 7 days after surgery, was overall less
than the expression of surrogate markers for M2 macro-
phage. Predominated expression of surrogate markers for
M2 macrophage was observed between 3 and 12 weeks after
surgery, with the peak centered at 6 weeks. These results
showed that the use of an IP-HT graft in ACLR might
decrease the percentage of M1 macrophages in the early
postoperative time at the tendon-to-bone interface and
raise the ratio and existence duration of M2 macrophages.

This could be the reason for the improvement of tendon-to-
bone healing after ACLR using IP-HT graft.

Limitations

There are some limitations to this current study, which
follow. (1) It is an animal study based on the rabbit, and
the resource of antibodies was limited; therefore, we only
detected the expression of iNOS, CD206, TNF-a, and TGF-
b. (2) A small number of specimens at each time period may
have contributed to a small number of significant differ-
ences. (3) Only 1 observer performed quantitative analyses.
(4) Other possible reasons that could have made a differ-
ence in our findings, other than keeping insertion, are dif-
ferent tensions and fixations in tibia. (5) The underlying
reasons why retaining the tendon attachment can alter the
local status of macrophage polarization and how macro-
phages influenced the tendon-to-bone healing still need to
be explored and confirmed.

Figure 3. Immunohistochemical staining of CD206 in the study groups at postoperative (A) days 1, 3, and 7 and (B) weeks 3, 6, 12,
and 24. Scale bars indicate 100 mm. (C) Percentage of CD206-positive cells at the tendon-to-bone interface; error bars represent SDs.
Part A: A-1 day study group; B-3 day study group; C-7 day study group; D-1day control group; E-3 day control group; F-7 day control
group. Part B: A-3 week study group; B-6 week study group; C-12 week study group; D-24 week study group; E-3 week control group;
F-6 week control group; G-12 week control group; H-24 week control group. *Significant difference between groups (P < .05). ACLR,
anterior cruciate ligament reconstruction; FHT, free hamstring tendon; IP-HT, insertion-preserved hamstring tendon.

6 Liu et al The Orthopaedic Journal of Sports Medicine



Figure 4. Immunohistochemical staining of transforming growth factor b (TGF-b) in the study groups at postoperative (A) days 1, 3,
and 7 and (B) weeks 3, 6, 12, and 24. Scale bars indicate 100 mm. (C) Percentage of TGF-b–positive cells at the tendon-to-bone
interface; error bars represent SDs. Part A: A-1 day study group; B-3 day study group; C-7 day study group; D-1day control group;
E-3 day control group; F-7 day control group. Part B: A-3 week study group; B-6 week study group; C-12 week study group; D-24
week study group; E-3 week control group; F-6 week control group; G-12 week control group; H-24 week control group. *Signif-
icant difference between groups (P < .05). ACLR, anterior cruciate ligament reconstruction; FHT, free hamstring tendon; IP-HT,
insertion-preserved hamstring tendon.

Figure 5. Percentage of positive cells of inducible nitric oxide synthase (iNOS), CD206, tumor necrosis factor a (TNF-a), and
transforming growth factor b (TGF-b) after anterior cruciate ligament reconstruction (ACLR) using (A) insertion-preserved hamstring
tendon (IP-HT) graft and (B) free hamstring tendon (FHT) graft at postoperative days 1, 3, and 7 and weeks 3, 6, 12, and 24.
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CONCLUSION

More expression of surrogate markers for M1 rather than
M2 macrophages was observed in the tendon-to-bone heal-
ing process after ACLR using an FHT graft, whereas use of
an IP-HT graft led to reduced M1 macrophages in the early
stages and changes in the duration of M2 macrophages.
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findings of tendon-bone healing following anterior cruciate ligament

reconstruction with hamstring grafts. Arch Orthop Trauma Surg.

2003;123(4):158-163.

19. Papachristou G, Nikolaou V, Efstathopoulos N, et al. ACL reconstruc-

tion with semitendinosus tendon autograft without detachment of its

tibial insertion: a histologic study in a rabbit model. Knee Surg Sports

Traumatol Arthrosc. 2007;15(10):1175-1180.

20. Rodeo SA, Arnoczky SP, Torzilli PA, Hidaka C, Warren RF. Tendon-

healing in a bone tunnel: a biomechanical and histological study in the

dog. J Bone Joint Surg Am. 1993;75(12):1795-1803.

21. Ruffilli A, Pagliazzi G, Ferranti E, Busacca M, Capannelli D, Buda R.

Hamstring graft tibial insertion preservation versus detachment in

anterior cruciate ligament reconstruction: a prospective randomized

comparative study. Eur J Orthop Surg Traumatol. 2016;26(6):

657-664.

22. Ruffilli A, Traina F, Evangelisti G, Borghi R, Perna F, Faldini C. Pres-

ervation of hamstring tibial insertion in anterior cruciate ligament

reconstruction: a review of the current literature. Musculoskelet Surg.

2015;99(2):87-92.

23. Scheffler SU, Unterhauser FN, Weiler A. Graft remodeling and liga-

mentization after cruciate ligament reconstruction. Knee Surg Sports

Traumatol Arthrosc. 2008;16(9):834-842.

24. Shi Y, Kang X, Wang Y, et al. Exosomes derived from bone marrow

stromal cells (BMSCs) enhance tendon-bone healing by regulating

macrophage polarization. Med Sci Monit. 2020;26:e923328.

25. Shiraishi M, Shintani Y, Shintani Y, et al. Alternatively activated

macrophages determine repair of the infarcted adult murine heart.

J Clin Invest. 2016;126(6):2151.

26. Siamon G. Alternative activation of macrophages. Nat Rev Immunol.

2003;3(1):23-35.

27. Song B, Jiang C, Luo H, et al. Macrophage M1 plays a positive

role in aseptic inflammation-related graft loosening after anterior cru-

ciate ligament reconstruction surgery. Inflammation. 2017;40(6):

1815-1824.

28. Webster KE, Feller JA, Hameister KA. Bone tunnel enlargement fol-

lowing anterior cruciate ligament reconstruction: a randomised com-

parison of hamstring and patellar tendon grafts with 2-year follow-up.

Knee Surg Sports Traumatol Arthrosc. 2001;9(2):86-91.

29. Xu ZJ, Gu Y, Wang CZ, et al. The M2 macrophage marker CD206: a

novel prognostic indicator for acute myeloid leukemia. Oncoimmunol-

ogy. 2020;9(1):1683347.

30. Zaffagnini S, Golano P, Farinas O, et al. Vascularity and neurorecep-

tors of the pes anserinus: anatomic study. Clin Anat. 2003;16(1):

19-24.

31. Zhang X, Deng XH, Song Z, et al. Matrix metalloproteinase inhibition

with doxycycline affects the progression of posttraumatic osteoarthri-

tis after anterior cruciate ligament rupture: evaluation in a new non-

surgical murine ACL rupture model. Am J Sports Med. 2020;48(1):

143-152.

8 Liu et al The Orthopaedic Journal of Sports Medicine


	Changes in Macrophage Polarization During Tendon-to-Bone Healing After ACL Reconstruction With Insertion-Preserved Hamstring Tendon: Results in a Rabbit Model
	METHODS
	Study Design
	Surgical Procedure
	Immunohistochemistry Staining and Analyses
	Statistical Analysis

	RESULTS
	Expression of the M1 Marker (iNOS)
	Expression of M1-Related Inflammation Factor (TNF-&alpha;)
	Expression of the M2 Marker (CD206)
	Expression of M2-Related Growth Factor (TGF-&beta;)
	Changes in Expression Over Time

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


