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 Abstract 
  Background.  Radiation-induced fi brosis (RIF) is a dose-limiting complication of cancer radiotherapy and causes serious 
problems, i.e. restricted tissue fl exibility, pain, ulceration or necrosis. Recently, we have successfully treated RIF in a mouse 
model by intraperitoneal administration of chitosan/siRNA nanoparticles directed towards silencing TNF alpha in local 
macrophage populations, but the mechanism for the therapeutic effect at the lesion site remains unclear.  Methods.  Using 
the same murine RIF model we utilized an optical imaging technique and fl uorescence microscopy to investigate the uptake 
of chitosan/fl uorescently labeled siRNA nanoparticles by peritoneal macrophages and their subsequent migration to the 
infl amed tissue in the RIF model.  Results.  We observed strong accumulation of the fl uorescent signal in the lesion site of 
the irradiated leg up to 24 hours using the optical imaging system. We further confi rm by immunohistochemical staining 
that Cy3 labeled siRNA resides in macrophages of the irradiated leg.  Conclusion.  We provide a proof-of-concept for host 
macrophage traffi cking towards the infl amed region in a murine RIF model, which thereby suggests that the chitosan/
siRNA nanoparticle may constitute a general treatment for infl ammatory diseases using the natural homing potential of 
macrophages to infl ammatory sites.   

 Recruitment of macrophages to infl amed sites is a 
consequence of the infl ammatory process that can 
lead to either initiation of tissue repair or promote 
the infl ammatory events that eventually can lead to 
fi brosis. Classically, macrophage activation will lead 
to the presentation of antigens, interaction with other 
immune cells, and phagocytosis of foreign particles 
or microbes accompanied with the production of 
various cytokines and growth factors [1]. There is, 
therefore, good rational to focus on macrophages as 
a potential cellular target for anti-infl ammatory treat-
ment by inhibiting the production of cytokines and 
growth factors. Based on the pivotal role of the 
cytokine TNF α  during infl ammation and the ability 
for chitosan/TNF α -specifi c siRNA nanoparticle to 

silence TNF α  in macrophages [2], we and others 
have successfully prevented murine radiation-induced 
fi brosis (RIF) [3] and rheumatoid arthritis [4,5] after 
intraperitoneal administration of chitosan/TNF α -
siRNA nanoparticle. We hypothesize that the nano-
particles are phagocytosed and enter local peritoneal 
macrophages, which subsequently undergo systemic 
migration and recruitment to infl amed regions where 
they exhibit reduced production of TNF α . However, 
we have no direct experimental evidence for this 
recruitment mechanism from our previous studies. 

 Visualization of macrophage migration has a high 
relevance for both diagnostic purposes and the evalu-
ation of therapeutic interventions. Tracking of migrat-
ing macrophages has been conducted in several animal 
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disease models using non-invasive techniques such 
as magnetic resonance imaging (MRI) [1], positron 
emission tomography (PET) [6], molecular-genetic 
imaging [7], optical fl uorescence imaging and scintig-
raphy [8]. These studies involve ex vivo manipulation 
or genetically modifi ed primary macrophages or the 
injection of cell lines into the animal followed by fl uo-
rescent monitoring. However, these results may be 
infl uenced by cell damage and toxicity from labeled 
compounds. It therefore remains an interesting study 
to monitor host macrophage traffi cking and to under-
stand its interaction with other immune cells during 
infl ammation. 

 Radiation-induced fi brosis (RIF) is a common 
late side effect of radiotherapeutic cancer treatment. 
A RIF model in mice has been established that 
closely resembles the clinical appearances in humans 
[3,9]. Using this model, we applied two imaging 
techniques to investigate the uptake of chitosan/
siRNA nanoparticles by peritoneal macrophages 
after intraperitoneal administration and the subse-
quent distribution of the fl uorescent labeled siRNA 
to the RIF site in the hind leg. 

 Firstly, the optical fl uorescence imaging was used 
to track the siRNA Cy5 fl uorescent signal after intra-
peritoneal injection of chitosan/siRNA nanoparticles. 
A fl uorescent siRNA signal was only observed in the 
footpad up to 24 hours post-injection that had been 
irradiated with 45 Gy 13 days before imaging, but 
was absent in both non-irradiated leg in the same 
mouse or in control mice not irradiated. Secondly, 
histological examination was performed to evaluate 
the location of chitosan/Cy3 labeled siRNA in the 
tissue. We only detected a Cy3 siRNA signal at the 
infl amed site within the leg that had been irradiated 
with 45 Gy, and a histological examination revealed 
that the siRNA was co-localized within macrophages. 
This provides strong evidence that host macrophages 
containing nanoparticles home towards the infl amed 
region in a murine RIF model.  

 Material and methods  

 Chitosan/fl uorescent labeled-siRNA nanoparticles 

 siRNA-EGFP was synthesized with 2-nucleotide 
LNA overhangs at the 3 ¢  ends and HPLC-purifi ed 
by Ribotask, Odense, Denmark. Duplexes with Cy5 
fl uorescence labeled sense strand or Cy3 labeled 
antisense strand (location within the sequence was 
indicated below) were applied for whole animal opti-
cal imaging and fl uorescence microscopy study, 
respectively. Sequences are: EGFP duplex with Cy5 
labeled sense strand, SS 5 ¢ -Cy5-GACGUAAACGG
CCACAAGU TC -3 ¢  and AS 5 ¢ -ACUUGUGG
CCGUUUACGUC GC -3 ¢ ; EGFP duplex with Cy3 

antisense strand, SS 5 ¢  – GACGUAAACGGCC
ACAAGU TC- 3 ¢  and AS 5 ¢ -ACUUGUGGCCGU
UUACGUC G Cy3 C U-3 ¢ . LNA modifi cation is indi-
cated in bold. 

 Chitosan was supplied from Novamatrix (Nor-
way) and further deacetylated with 47.7% NaOH at 
60 o C for 24 hours (the degree of deacetylation is 
 �    98% and the molecular weight is 190 kDa). Chi-
tosan was dissolved in sodium acetate buffer (0.2 M 
NaAc, pH 4.5) to obtain a 1 mg/ml solution and then 
adjusted to pH 5.5 by adding 300 mM NaOH. 
Twenty microliters of siRNA (100  μ M) in nuclease-
free water was added to 1 ml of fi ltered chitosan 
(1 mg/ml) whilst stirring for one hour. Nanoparticles 
formed at  ~  N:P 60 were used in all experiments.   

 In vivo fl uorescence imaging in a murine RIF model 

 Two independent experiments were performed using 
male C3D2F1 mice (C3H/HeJTac x_DBA/2JTac, 
Taconic Europe, Ry, Denmark) for the present study. 
For the fi rst, the right hind leg/paw was irradiated 
with a single dose of 45 Gy either 13, eight, four days 
or one day before imaging, and a control group with-
out irradiation was also included (n    �    2 for each 
group). For the second, the right hind leg/paw was 
irradiated with a single dose of 45 Gy 13 days before 
imaging and a control group without irradiation was 
included as well (n    �    5 for each group). All proce-
dures of animal work were approved by  ‘ The Exper-
imental Animal Inspectorate in Denmark ’  under The 
Danish Veterinary and Food Administration, Minis-
try of Food, Agriculture and Fisheries (Registration 
number: 2010/561-1929-C3, issue date: February 28, 
2011). The animals were provided with painkillers 
during the acute phase (from day 9 after irradiation) 
of the lesion by adding buprenorphine to the drinking 
water (Temgesic  ®  , Reckitt Benckiser Healthcare, 
England) at a dose corresponding to 0.7 – 1.4 mg/kg. 

 Hair from the hind legs and the abdomen was 
removed by shaving to avoid autofl uorescence during 
imaging. A single dose of 200  μ l chitosan/Cy5 labeled 
siRNA (containing 10  μ g siRNA duplex, equal to 
 ~  0.4 mg/kg) nanoparticles was injected into the peri-
toneum. The mice were scanned using an IVIS  ®   200 
imaging system (Xenogen, Caliper Life Sciences) 
under anesthesia with 2.5% isofl urane. Cy5 excita-
tion ( λ ex    �    640 nm) and emission ( λ em    �    700 nm) 
fi lters were used. Identical illumination settings, 
including exposure time (1 second), binning factor 
(medium), f-stop (1), and fi elds of view (25    �    25 
cm), were used for all image acquisitions. Total emis-
sion from infl icted areas (Region of Interest, ROI) of 
each mouse was quantifi ed using Living Image 4.0 
software package. According to the user instruction, 
the radiant effi ciency of footpad was measured 
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(photons/s/cm 2 /sr)/ ( μ W/cm 2 ), which is presented 
radiance/illumination power density. Background 
fl uorescence was subtracted prior to analysis.   

 Fluorescence microscopy 

 The right hind leg of male C3D2F1 mice was irradi-
ated with a single dose of 45 Gy whereas the left hind 
leg received no irradiation (n    �    4). After 13 days, a 
single dose of 200  μ l chitosan/Cy3 labeled siRNA 
nanoparticles was intraperitoneally injected. Mice 
were sacrifi ced four hours post-injection and skin 
biopsies from both irradiated and non-irradiated legs 
were taken. Tissue samples were preserved either in 
4% formalin or embedded in Tissue Tek  ®  , DAPI 
stained and visualized by confocal microscopy.   

 Immunohistochemical (IHC) macrophage staining 

 RIF tissue sections were taken to investigate the tis-
sue and cellular location of the siRNA signal. Form-
alin-fi xed, paraffi n embedded skin biopsies were cut 
into 2  μ m sections using a Microm HM 360 micro-
tome (Microm, Walldorf, Germany). The sections 
were placed on superfrost  �  slides, deparaffi nized in 
xylene and rehydrated in an ethanol gradient, fol-
lowed by blocking in PBS/BSA. Sections were incu-
bated for two hours with the primary anti-mouse 
F4/80 antibody (1:100, Abcam, Copenhagen) and 
then incubated for two hours with the secondary 
anti-rat antibody (daylight 649) (1:100, Jackson 
Immuno Research). Finally the sections were embed-
ded in Duolink II mounting medium with Dapi 
(OLink Bioscience). Images of representative fi elds 
were acquired using the 488 nm line of a multiline 
argon laser, the 543 nm line of the green helium   neon 
laser, and the 633 nm line of the helium   neon laser 
on a confocal laser scanning microscope (LSM710; 
Zeiss, Jena, Germany) with a 63 �  oil-immersion 
objective.   

 Statistical analysis 

 Student ’ s t-test was performed to evaluate the sig-
nifi cant difference for the quantity of fl uorescence 
signal between two sides of footpads  –  irradiated and 
non-irradiated.    

 Results  

 Assessment of acute skin reaction 

 Mice were subjected to 45 Gy irradiation to a limited 
section of the right hind limb, which has previously 
been determined as the dose that causes severe fi bro-
sis (starting after 40 days in average and after six 
months all mice generally have developed fi brosis). 

The effect of irradiation was assessed for the skin 
phenotype following the procedures for fi brosis 
assessment and scoring previously described [3]. 

 No differences for the skin could be observed 
among the control mice and mice irradiated eight 
days, four days or one day before scoring. In contrast, 
mice irradiated 13 days before scoring showed a 
strong acute skin reaction compared to the control. 
The mice exhibited an acute skin grade of 3.0 (moist 
desquamation of 75% of skin area, foot shapeless, 
one or two toes can be identifi ed) or higher. This 
result was in agreement to our previous fi nding that 
acute skin reactions were fi rst observed at day 10 
after irradiation [3].   

 In vivo optical fl uorescence imaging analysis 

 All mice were shaved before chitosan/Cy5 labeled 
siRNA nanoparticles were intraperitoneally (i.p.) 
injected. Subsequently the mice were dorsally and 
ventrally imaged at distinct time points. While ven-
trally imaged, there was slight autofl uoresence signal 
in peritoneal cavity region before injection ( Figure 1A). 
The specifi c fl uorescent signal in the injection region 
was clearly seen after injection and peaked at one 
hour post-injection as 5.3-fold higher than before 
injection (Figure 1B), then gradually decreased dur-
ing 24 hour period down to  ~  25% of the level at one 
hour (Figure 1C). 

  Figure 1.     Altered fl uorescent intensity in peritoneal cavity during 
24 hour period. Mice from both control and irradiated groups 
were ventrally scanned before and after injection i.p. of chitosan/
Cy5-siRNA. Only irradiated mice are presented. (A), before 
injection (Before Inj.); (B), 1 hour post-injection (1 h P.Inj.) and 
(C) 24 hour period (24 h P.Inj.).  
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 The subsequent images were all dorsally scanned 
to place legs/paws in a convenient position for a bet-
ter demonstration of the signal from the footpads. 

 We performed our fi rst experiment to investigate 
chitosan/Cy5-siRNA nanoparticle traffi cking in mice 
irradiated 13, eight, four days or one day before 
imaging or control mice without any irradiation. No 
specifi c Cy5 signal was detected in control mice and 
in mice irradiated eight, four days or one day before 
imaging at all-time points. However, a signifi cantly 
enhanced Cy5 signal was detected one hour post-
administration at the infl amed site of the right hind 
footpad of mice irradiated 13 days before imaging 
and lasted up to four hours (data not shown). 

 Therefore, we repeated the experiment but 
included only mice irradiated 13 days before imaging 
and control mice without irradiation. The imaging 
was performed before and right after i.p. injection of 
chitosan/Cy5siRNA nanoparticles, as well as at one, 
two, four, six and 24 hours post-injection. Similarly 
to the former experiment, there was no specifi c signal 
in both hind footpads in mice without irradiation 
(Figure 2A, C, E, G, I, K and M), and in the left 
hind footpads (non-irradiated side) in irradiated 
mice (Figure 2B, D, F, H, J, L and N). No specifi c 
signal was detected in the irradiated footpads (right 
side) of irradiated mice before and right after i.p. 
injection (Figure 2B and D). However, a clearly 
enhanced Cy5 signal was detected one hour post-
administration at the infl amed site of the right hind 
footpad (Figure 2F) compared to the non-irradiated 
left hind footpad of the same mice as well as both 
hind footpads of the control mice (Figure 2E). The 
signal was further enhanced from two to four hours 
post-administration (Figure 2H and J) and for some 
mice even further at six hours post-administration 
(Figure 2L). The signal was still detectable at 24 hours 
post-administration (Figure 2N). To quantify the 
intensity of the fl uorescent signal, the radiant effi -
ciency [(photons/s/cm 2 /sr)/( μ W/cm 2 )] was measured 
for both sides of hind footpads from mice with or 
without irradiation. The fl uorescent signal was also 
slightly increased from one to four/six hours post-
injection in non-irradiated footpads, which probably 
was contributed by circulating chitosan/Cy5 siRNA 
in the bloodstream. However, a signifi cant difference 
was found between the signal from the irradiated side 
and control side at all time-points from one hour to 
24 hours, evaluated by Student t-test (p    �    0.05 or 
p    �    0.01) (Figure 3). 

 The observation suggests that only mice irradi-
ated 13 days before imaging showed a strong acute 
skin reaction and the specifi c Cy5 signal was only 
present in the infl ammatory site, indicating a correla-
tion between nanoparticle accumulation and radia-
tion induced infl ammation.   

 Co-localization of chitosan/Cy3 labeled siRNA and 
peritoneal macrophages at the irradiation site 

 Using optical imaging we were able to visualize in real 
time the traffi cking of chitosan/Cy5 labeled siRNA 
nanoparticles into the irradiated region. However, it 
is diffi cult to assess whether the particles migrate to 
the site of infl ammation via the macrophages or as 
free particles. Therefore, we performed histological 
examination experiments. Based on the results 
obtained from the optical imaging, we limited the 
study to include the group irradiated 13 days with a 
dose of 45 Gy and the non-radiated control group. 
We injected i.p. chitosan/Cy3 labeled siRNA nano-
particles for these two groups of mice. Mice were 
sacrifi ced four hours post-injection, and skin biopsies 
from the irradiated and non-irradiated hind leg were 
taken. Both formalin fi xed, paraffi n-embedded tissue 
sections and frozen tissue sections were evaluated by 
fl uorescent confocal microscopy. Classical HE stain-
ing was performed fi rst and typical features for infl am-
mation were observed in samples from irradiated skin 
(Supplementary Figure 1, available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2012.726373). 

 Under fl uorescent confocal microscopy a Cy3-
siRNA signal was clearly detected in the cytoplasm 
of a cellular population of 45 Gy irradiated skin 
samples. The cells appeared to be monocytes or 
macrophages based on their morphology, with 
enlarged nuclei and irregular shape and positive for 
the macrophage marker F4/80 (Figure 4A – D), indi-
cating that the chitosan/Cy3-siRNA nanoparticles 
exclusively resided within macrophages. No signal 
was observed in the samples from control tissues 
(Figure 4E and F).    

 Discussion 

 Our in vivo imaging study suggests that fl uorescently 
labeled siRNA/chitosan nanoparticles are taken up by 
murine peritoneal macrophages and transported to 
the irradiated site. This was further demonstrated by 
histological examination and immunohistochemical 
staining. The data confi rm the hypothesis in our pre-
vious studies that the therapeutic effect, obtained by 
intraperitoneal delivery of chitosan/DsiRNA nano-
particles targeting TNF alpha, is due to macrophage 
recruitment at the sites with radiation-induced fi bro-
sis [3], a mechanism that presumably also occurs in 
the case of rheumatoid arthritis in mice [4]. 

 To detect macrophage traffi cking and to under-
stand cellular interactions during infl ammation, the 
application of optical imaging systems becomes more 
important and relevant. Two alternate strategies that 
have previously been used are direct labeling or 
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  Figure 2.     Optical fl uorescence imaging of chitosan/Cy5 siRNA nanoparticles in a murine radiation-induced fi brosis model. Mice irradiated 
13 days before imaging or without irradiation (Control) (n    �    5) were administrated i.p. with chitosan/Cy5 labeled siRNA nanoparticles. 
Fluorescent optical imaging was performed at distinct time points after injection of fl uorescently labeled siRNA/chitosan particles. A, C, 
E, G, I, K, M and B, D, F, H, J, L, N represent images of three mice from the control group without irradiation and the irradiated group 
(irradiated 13 days before imaging). Images were taken before and right after injection of chitosan/Cy5-siRNA, as well as one, two, four, 
six, 24 hours post-injection, respectively.  
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in combination with the administration of iron oxide 
or gadolinium (Gd)-based particles has been applied 
in infl ammatory disease models of atherosclerosis 
and myocardial infraction [10,11], rheumatoid 
arthritis [12,13] and in brain infl ammation models 
[14,15]. Contrast signal detected in the lesion region 
by MRI and iron oxide particle uptake in the mac-
rophages could be confi rmed by histological analysis 

genetic modifi cations of macrophages to express 
reporter genes ex vivo. 

 In the former method, macrophages are readily 
labeled ex vivo due to their intrinsic capacity to 
internalize foreign particles with no need for cell 
surface modifi cation. After reinjection into the ani-
mal cell, migration can be tracked using non-invasive 
techniques like MRI, PET or optical imaging. MRI 

  Figure 3.     Quantifi cation of the fl uorescence signals from the footpads. To quantify the signal intensity of images from Figure 2, the radiant 
effi ciency [(photons/s/cm 2 /sr)/( μ W/cm 2 )] was measured using Living Image 4.0 software package. The average value of left and right 
footpads from each group was presented (mean �    SD, n    �    5). Student t-test was performed to compare the signal between right and left 
footpads in irradiated mice,  ‘  *  ’  p-value  �    0.05 and  ‘  *  *  ’  p-value  �    0.01. G1 represents control group for mice without irradiation and G2 
represents irradiated group for mice irradiated at right hind leg/paws with dose of 45 Gy for 13 days. L and R represent left and right 
footpads from each group, respectively. G1-L, G1-R and G2-L were non-irradiated footpads.  

  Figure 4.     Co-localization of chitosan/Cy3 labeled siRNA nanoparticles and peritoneal macrophages in the irradiated skin of the hind leg. 
Male mice were irradiated with a dose of 45 Gy or left without irradiation as a control. After 13 days chitosan/Cy3 labeled siRNA 
nanoparticles were administrated i.p.. Four hours later skin samples were taken from irradiated and non-irradiated leg/paws. These were 
stained for F4/80, a macrophage marker and examined by confocal laser microscopy. Represented pictures from irradiated tissue are shown 
as A – D, Cy3 signal (Green) was only observed within F4/80 positive cells (Red), whereas non-irradiated skin did not show signal for Cy3 
(E & F, and not shown). D1 represented the enlarged image in selected region (rectangle) from the D. As there was no signal for both 
macrophage staining and Cy3 fl uorescence in non-irradiated skin, they were not shown. Therefore the merge (F) showed same pattern to 
DAPI one (E). A and E, nuclei are stained using DAPI (Blue); B, macrophages are immunohistochemically stained using F4/80; C, Cy3 
signal from siRNA; D and F, pictures are merged.  
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in some studies. PET has the advantage of high 
 sensitivity but relative poor resolution and is often 
combined with molecular-genetic imaging strategies 
[6]. In the latter method, genetic imaging strategies 
are based on imaging the product from continuously 
expressed reporters within cells in the body [6]. One 
example used the sodium/iodide symporter (NIS) 
reporter gene combined with radiotracers such as 
radio- iodine to monitor the RAW264.7 EGFP/NIS 
expressing macrophage cell line migration toward a 
chemically induced infl ammation lesion [7]. The 
study demonstrated an intense signal at the lesion 
site by PET after intravenous administration of sta-
bly transfected cells, and both NIS and GFP 
expressed macrophages could be detected at the 
lesion tissues by immunochemistry. Similar results 
were obtained using RAW264.7 with a biolumines-
cent reporter gene being detected by biolumines-
cence in vivo [16]. 

 A potential problem with genetic modifi cation of 
macrophages is the introduction of recombinant 
genetic constructs that may infl uence the cellular 
metabolism. In addition, it is generally diffi cult to 
obtain high expression of transgenes in macrophages, 
which limits the applicability of this approach. Simi-
larly, administration of fl uorescent particles, magnetic 
particles or other nanostructures may also infl uence 
cellular behavior. One study suggested the migration 
of peripheral monocytes toward the infl ammatory 
lesion site through the detection of the enhancement 
signal by MRI after injection of free particles [17], 
but only few studies apply this strategy for tracking 
peritoneal macrophages [18,19] and no studies to our 
knowledge describe the migration of macrophages in 
connection with radiation-induced fi brosis. 

 In our study the fl uorescent signal from chito-
san/Cy5 labeled siRNA nanoparticles was only evi-
dent in the leg irradiated with a dose of 45 Gy 13 
days before the imaging but not in either the non-
 irradiated leg in the same mouse, or in mice receiv-
ing the same dose but only one, four or eight days 
post- radiation imaging. The result suggested that 
the accumulation of nanoparticles require the 
onset of the acute phase of radiation-induced 
fi brosis, usually occurring 10 – 12 days after radia-
tion. One possibility is that activated monocytes 
and macrophages produce pro-infl ammatory 
cytokines such as IL-6, IL-1 and TNF- α , which in 
turn will attract other macrophages and lympho-
cytes. In addition, activated macrophages and 
stimulated stromal cells synthesize fi brogenic 
cytokines such as TGF- β  [20,21], which suggests 
that infl ammation is implicated in fi brosis and 
plays an initiating role [22]. However, there are 
controversial reports, i.e. that the fi brogenetic 
mechanisms are distinct from infl ammatory  factors 

and infl ammation may be needed to reverse estab-
lished and progressive fi brosis [23,24]. 

 The results from us and others further imply that 
the role of distant macrophages is different from the 
local macrophages as demonstrated in a recent report 
[25] where it was found that lung macrophages prob-
ably were not involved in the early infl ammatory phase 
of bleomycin-induced lung fi brosis, but rather during 
the subsequent progressive fi brotic phase [25]. Our 
result supports a model where migration of activated 
peritoneal macrophages to infl amed sites occurs 
extremely fast, less than one hour post- administration 
of the nanoparticles and can be retained at the site for 
at least for 24 hours. This host macrophage traffi cking 
was much faster than observed for ex vivo labeled or 
genetic modifi ed macrophages where migration was 
observed over two to seven days [7,16]. 

 To investigate the possibility that the chitosan/Cy5 
labeled siRNA nanoparticles migrated alone to the 
infl amed site, we examined the association of the chi-
tosan/Cy3 labeled siRNA nanoparticles with perito-
neal macrophages in the irradiated leg. Again, we only 
observed an intracellular Cy3 signal in irradiated skin 
whereas no signal was detected in non- irradiated skin. 
Furthermore, the cellular co-localization of the Cy3 
signal and murine macrophage specifi c F4/80 anti-
body strongly suggests that the chitosan/Cy3 labeled 
siRNA was carried by macrophages into the infl am-
matory tissue. 

 It is often argued whether macrophages accumu-
lating in infl amed tissue originate from a distant 
migration (classically activated M1) or recruited 
from the resident tissue (alternatively activated M2) 
[26]. In a mouse-human chimera SCID mouse 
model  fl uorescently labeled human blood mono-
cytes were systemically administrated and analyzed 
[27]. Here it was demonstrated that macrophages in 
 pre- transplanted peri-prosthetic tissue were specifi -
cally of human origin identifi ed by immunohis-
tochemical staining, indicating the importance of the 
distantly recruited macrophages. However, the loss of 
T or B cell function in SCID mice may infl uence their 
conclusion. In a tumor model study it was also dem-
onstrated that the uptake of a magneto-optical imag-
ing probe PG-GD-NIR813 was associated with 
CD68 (pan macrophage marker) and CD169 (clas-
sically activated macrophage M1 marker) signals, but 
not with CD163 (M2 alternatively activated mac-
rophage marker) [28]. However, controversial fi nd-
ings still leave this question open. It was suggested 
that self-renewed resident macrophages contributed 
to local accumulation more effi ciently than the 
recruited distant macrophages during T helper 2 
(TH2)-related infl ammatory pathologies [29]. Also a 
phenotype shift between M1 and M2 cannot be 
excluded since a comprehensive study in a lung fi brosis 
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model recently demonstrated that circulating  ‘ infl am-
matory ’  macrophages could promote resident mac-
rophages switching to be alternatively activated [25]. 

 To further understand the role of macrophages 
during infl ammation and fi brosis, as well as their 
uptake and activity of drugs, staining with specifi c 
antibodies for resident macrophages, e.g. CD163, 
will be helpful. Depletion of macrophages locally or 
systemically could be an alternative approach. It has 
been shown that macrophage depletion can enhance 
fi brosis [28], which may result from a retarded ECM 
degradation due to lack of macrophage [30]. The 
macrophage depletion strategy could be applied in 
our future studies, to elucidate the mechanism for 
anti-infl ammatory and anti-fi brotic nanoparticle-
based therapies, although there are controversial 
reports for the role of infl ammation in progressive 
fi brosis [23,24]. 

 In conclusion, we provide evidence for a model 
where peritoneal macrophage take up nanoparticles 
and traffi c them to the lesion region in murine 
 radiation-induced skin infl ammation. This work will 
contribute to further development of macrophage 
mediated RNAi as a therapeutic strategy to combat 
infl ammatory diseases.                
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