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Chapter 6

Impact of Low Glucose Degradation Products Bicarbonate/
Lactate-Buff ered Dialysis Solution in an uremic mouse 
Peritoneal Dialysis exposure model

Thesis_Evelina_160718_version_3.indd   109 26-8-2016   17:02:29



110

A�������

Background
High Glucose Degradati on Products (GDPs) content, acidic pH and presence of 
lactate characterize conventi onal peritoneal dialysis fl uids and are known to 
mediate peritoneal membrane deteriorati on. Bicarbonate/lactate soluti ons with 
neutral pH and glucose degradati on product content have been reported to off er 
advantages in terms of infl ammati on and incidence of peritoniti s. Nevertheless, 
not all peritoneal changes related to bicarbonate/lactate soluti ons exposure are 
considered advantageous so some controversial issues remain. 
Methods
We used our recently developed uremic Peritoneal Dialysis (PD) mouse exposure 
model to perform a screening of peritoneal markers for fi brosis, vascularisati on as 
well as infl ammati on. Mice underwent 5/6 nephrectomy and were daily insti lled 
with standard lactate, bicarbonate/lactate-buff ered soluti ons or saline during a 
period of 8 weeks. Histological analysis for membrane thickening, myfi broblasts 
and peritoneal macrophages infl ux was carried out on the parietal peritoneum. 
Vasculature was quanti fi ed in omentum. Peritoneal cell populati ons and cytokines 
expression were determined in peritoneal effl  uents by fl ow cytometry analysis and 
ELISA respecti vely.
Results
We showed that low GDPs bicarbonate/lactate-buff ered soluti on prevented 
peritoneal increase of α-SMA and CD31 expression. It induced pro-infl ammatory 
macrophage recruitment and an enhanced peritoneal expression of pro-
infl ammatory cytokines such as TGFβ-1, TNF-α and IL-1β. In additi on, in our study 
infl ammatory mechanisms resulted to be mediated by Th17 and Th1 rather than by 
Th2 cell populati ons.
Conclusions
Compared to standard lactate PD fl uid, a more biocompati ble buff ered PD soluti on 
preserved peritoneal membrane from PD-related angiogenesis and fi brosis. 
However, this treatment resulted in infl ammatory responses, which might be mainly 
related to the recruitment of pro-infl ammatory macrophages in the peritoneum.
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Conti nuous and long-term exposure of the peritoneum to Peritoneal Dialysis Fluids 
(PDFs) is associated with infl ammatory mechanisms as epithelial to mesenchymal 
transiti on (EMT), peritoneal angiogenesis, thickening of the peritoneal membrane 
and other changes of the peritoneal membrane resulti ng in technique failure and 
criti cal clinical outcomes. All these events seem to be driven mainly by the high 
glucose concentrati on, the high Glucose Degradati on Products (GDPs) content, the 
low pH and the presence of lactate that characterize conventi onal PDFs 1. In the 
last decades more biocompati ble PDFs have been developed and brought into the 
clinical practi ce. Lactate-bicarbonate buff ered soluti ons with more physiological pH 
in which the amount of GDPs has been lowered have been introduced and alternati ve 
soluti ons in which glucose has been replaced by alternati ve osmoti c agents such as 
icodextrin and amino-acids have been developed in order to preserve the dialyti c 
functi on of the peritoneal membrane 2. PDFs have been also supplemented with 
new generati on compounds as reviewed by Farhat et al 3. In this respect we recently 
showed that alanyl-glutamine dipepti de protects against PD induced peritoneal 
fi brosis and angiogenesis 4.
The introducti on of neutral pH and parti cularly bicarbonate/lactate-buff ered 
soluti ons seemed to off er advantages in terms of peritoneal membrane preservati on 
and peritoneal homeostasis control 5. In the Euro Balance Trial it demonstrated a 
signifi cant improvement in effl  uent markers of peritoneal membrane integrity, a 
decrease in systemic advanced glycati on end products (AGEs) levels, less decline in 
residual renal functi on and a decrease in peritoneal ultrafi ltrati on 6. Moreover, such 
biocompati ble fl uids showed to delay the onset of anuria  increase mesothelial cell 
markers, cause less systemic infl ammati on  and reduced the incidence of peritoniti s 7-9. 
Ex vivo studies also showed that the pH and lactate have the most profound eff ect 
on cell functi on with a bett er preservati on of bacterial clearing capacity 10.
GDPs are thought to be the main factors in PDFs responsible for peritoneal membrane 
deteriorati on. These highly reacti ve substances have shown to induce epithelial to 
mesenchymal transiti on (EMT) in vitro 11 and ex vivo 12, cause mesothelial injury 
and reduce mesothelial regenerati on thus increasing the risk for peritoneal fi brosis 
13. The use of low GDPs fl uids can prevent peritoneal fi brosis and vascular sclerosis 
by suppressing AGE accumulati on 14. Moreover, it resulted in preservati on of 
mesothelial cell mass and peritoneal transport 15, 16.
Within our group we have analyzed the eff ect of a PD regimen low in glucose and 
glucose degradati on products in both animal and clinical studies. The data indicated 
bett er preservati on of peritoneal morphologic features upon bicarbonate/lactate 
soluti on (BLS) exposure in the rat model but infl ammatory changes were unstudied 
due to unavailability of adequate markers 10. Moreover, in human studies some 
controversial fi ndings regarding peritoneal acti vati on and infl ammatory cytokines  
were reported which remain unexplained 16. To further investi gate on this regard, 
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the recently developed uremic mouse PD exposure model 17 was used in the 
present study to compare a neutral low-GDP bicarbonate/lactate-buff ered soluti on 
with a standard high GDPs lactate PDF in respect of infl ammati on, fi brosis and 
vascularisati on. The uremic model more closely mimics the clinical situati on of a 
pati ent undergoing PD and gives the chance to study the eff ect of PDFs exposure in 
concomitance with peritoneal and systemic changes caused by uremia. Moreover, 
since more reagents and anti bodies are available in mouse, the mouse model 
off ers advantages over the previous rat models, to study PD-related fi brosis and 
infl ammati on pathways. In additi on, novel peritoneal markers identi fi ed in the 
current study and the mouse model itself, might be used in the future to knock 
out genes playing a crucial role in the study of PDF-induced maladapti ve peritoneal  
changes.

R������

In the present report we focused on important indicators for peritoneal infl ammati on 
and ti ssue remodelling during peritoneal repair such as fi brosis and angiogenesis. 
The uremic status of the mice was confi rmed  by a 2 fold increase in both urea and 
creati nine levels (data not shown), which closely mimics the conditi ons of a kidney 
pati ent undergoing PD. Mice were randomized into three diff erent treatment 
groups and daily exposed to saline (S) or one of the two glucose-based PDFs among 
Dianeal (lactate-buff ered soluti on indicated as LS) and Physioneal (Bicarbonate/
Lactate-buff ered soluti on indicated as BLS).  A healthy control not treated group 
was also included (C).
During the treatment no animal dropped out due to one of the treatment regimens 
and no diff erences in body weight were observed indicati ng lack of toxicity for both 
of the two PDFs. 

Peritoneal cell output and ultrafi ltrati on
Analysis of the peritoneal effl  uents collected aft er 8 weeks of daily exposure to 
the diff erent treatments performed by standard peritoneal equilibrium test (PET) 
showed non-signifi cant diff erences between the groups regarding ultrafi ltrati on 
(UF) (data not shown). 
Moreover, total number of peritoneal cells measured in those effl  uents increased 
in both the PDF groups compared to control group. The percentage of total T-cells 
decreased aft er PD but no signifi cant changes in both CD8 and CD4 positi ve 
populati ons were found while the signifi cant increase in CD4 / IL-17 double positi ve 
lymphocytes (CD4+ IL-17+) registered in the LS group was restored in the BLS group 
(** P=.007).  No signifi cant diff erences were seen between the groups neither in the 
percentage of B cells nor monocytes (Ly6G+ CD11b+), although the number of the 
latest increased especially aft er BLS. Similarly to previous studies in mice 4 a slight 
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increase in macrophages (F4/80+ CD11b+) was already shown aft er exposure to 
conventi onal LS and this rise became clearly signifi cant in the BLS group (* P=.03) 
(table 1). So exposure to BLS clearly gives profound changes over LS in terms of 
peritoneal infl ammatory cells recruitment.

Exposure to low GDPs bicarbonate/lactate-buff ered soluti ons can induce pro-
infl ammatory macrophages recruitment.
Further analysis by immunohistochemistry suggested that the increase in 
macrophages noti ced in the effl  uents was related to an increased recruitment of  
F4/80+  subset in the parietal peritoneum of the mice exposed to BLS.  Indeed both 
the CD11b / F4/80 double positi ve and the F4/80 single positi ve populati ons were 
signifi cantly increased in the BLS group compared to both the control and the LS 
groups refl ecti ng a pro-infl ammatory M1 phenotype 18. On the other hand, staining 
for Decti n-1 as marker for anti -infl ammatory M2 macrophages did not reveal any 
signifi cant diff erences among groups. (fi gure 1).

Exposure to low GDPs bicarbonate/lactate-buff ered soluti ons does not prevent 
peritoneal thickening but decrease angiogenesis and fi brosis  in the uremic mouse 
PD model
Our previous studies showed that fi brosis and thickening of the peritoneal 
membranes were taking place in the uremic mouse model aft er exposure to 
conventi onal PD fl uid 17. 
Aft er 8 weeks of daily exposure to the PDFs a signifi cant increase in peritoneal 
thickness compared to the non-PDF-exposed control and saline exposed groups was 
shown (C: 30.63±1.83, S: 41.84±4.91, LS: 78.78±16.17, BLS: 78.11±12.42; P=0.02). 
However, thickening of peritoneum was not diff erently infl uenced by diff erent PDF 
compositi ons (LS or BLS) (fi gure 2c).

 

Table 1.  Compositi on of cells (in percentage) in mouse peritoneal effl  uents aft er 8 weeks of exposure 
to saline (S), conventi onal (LS) or low GDPs bicarbonate/lactate buff er (BLS). Control (C) indicates the 
not-PD-exposed group.
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Figure 1. Eff ect of low GDPs bicarbonate/lactate-buff ered soluti ons on pro-infl ammatory mac-
rophages recruitment. Panel (a) shows representati ve peritoneal membrane macrophages recruit-
ment  for each group in the uremic PD mouse model (C: control, S: saline, LS: lactate PDF, LBS: lactate/
bicarbonate PDF). Peritoneal staining for CD11b (violet), F4/80 (red), CD11 / F4/80 double positi ve and 
Decti n-1 (green) are represented in the rows from the top to the bott om panel respecti vely. Nucleus 
are stained with  DAPI (blue). Column bars represent number of macrophages measured per fi eld in 
three diff erent pictures taken per mouse per each group (n=10). Signifi cant increase of CD11b / F4/80 
double positi ve and F4/80 positi ve cells in the BLS group are represented respecti vely in graphs (b) and 
(c). Graph (d) shows Decti n-1 positi ve cells  in each group (C: white bar, S: black bar, LS: square bar, LBS: 
striped bar). (* P<.05). Magnifi cati on 20x.
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Conversely, immunohistological analysis of peritoneal biopsies revealed that 
exposure to BLS resulted in a signifi cant reducti on of α Smooth Muscle Acti n 
(αSMA) positi ve cells accumulati ng in the parietal membrane upon daily insti llati on 
with conventi onal LS PDF (C: 0.02±0.00, S: 0.02±0.01, LS: 0.06±0.02, BLS: 0.01±0.00; 
P=.03) (fi gures 2a and 2b). 
Furthermore, the signifi cant increase of new vessel formati on in the omentum, 
represented by the up-regulati on of Cluster of Diff erenti ati on 31 (CD31) protein in 
the LS group when compared with the control group, was reduced aft er BLS exposure 
(fi gure 3a and 3b). So with respect to fi brosis and angiogenesis, the harmful eff ect 
caused by LS treatment is prevented by BLS exposure.

Analysis of effl  uent cytokines and biomarkers
In order to further investi gate peritoneal infl ammati on, we performed a screening 
of the main infl ammatory cytokines expressed in the effl  uents of our mice aft er the 
treatment. 
Our measurements at the protein level showed an increase of Transforming Growth 

Figure 2. Exposure to low GDPs bicarbonate/lactate-buff ered PDF prevents myofi broblast recruit-
ment but does not protect from parietal peritoneum thickness. (a-b). Immunofl uorescence micros-
copy analysis of parietal peritoneal secti ons stained with α-SMA marker shows signifi cant accumula-
ti on of acti vated myofi broblasts in mouse exposed to lactate soluti on (LS: square bar) and protecti ng 
eff ect upon bicarbonate/lactate fl uid (BLS: striped bar). Nuclei were stained with DAPI (blue). α-SMA 
positi ve cells are indicated in red. Magnifi cati on x10. Graph (c) represent signifi cant increase of extra-
cellular matrix depositi on (μm) in mouse exposed to standard PDF (LB: square bar) and bicarbonate/
lactate soluti on (BLS: striped bar). White and black bars represent not PD-exposed-control group (C) 
and saline-exposed group. (* P<.05). Colum bars represent data as means ± SE of 10 and 6 animals per 
group respecti vely in graphs b and c.
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Factor β 1 (TGFβ1) upon both PD treatments  (C: 27.33±16.06, LS: 204.1±94.70, 
BLS: 536.9±81.54; P=0.009) (fi gure 4a). A similar result was obtained regarding 
Interleukin-1β (IL-1β) that was already signifi cantly up-regulated in the LS group 
and further increased upon BLS exposure (C: 12.88±0.80, LS: 17.64±3.23, BLS: 
40.94±10.15; P=0.01) (fi gure 4b).
It is known that TGFβ1 and IL-1β act in synergy to enhance Interleukin-6 (IL-6) 
producti on 19. In our study IL-6 release increased as a consequence of PDF 
exposure but it seemed not to diff er between the PD regimens (C: 68.06±22.06, LS: 
2070±855.1, BLS: 1729±783.7) (fi gure 4c). A remarkable increase of Tumor Necrosis 
Factor α (TNF-α) was also shown aft er PD exposure and it was most prominent aft er 
BLS exposure  (C: 10.38±0.62, LS: 33.57±9.3, BLS: 210.3±98.93; P=0.02) (fi gure 4d). 
The diff erences between the two alternati ve PD treatments encountered in CD4+ 
IL-17+ cell populati on were not refl ected by a signifi cant increase in Interleukin-17 
(IL-17) producti on, although lower protein levels of this cytokine were found in the 
BLS group (fi gure 4e).

Figure 3. Eff ect of bicarbonate/
lactate buff ered PDF on peri-
toneal angiogenesis. (a-b) Im-
munofl uorescence microscopy 
analysis of omentum secti ons 
stained with  CD31 marker 
shows accumulati on of vessels 
in the group exposed to LB (bi-
carbonate fl uid: square bar) and 
protecti on from angiogenesis in 
the BLS group (striped bar). Each 
value corresponds to an aver-
age (% surface staining CD31) of 
10 independent values of each 
rat omentum taken each ti me. 
Colum bars represent data as 
means ± SE of at least 6 animals 
per group. (* P<.05). Magnifi ca-
ti on 20x.
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We found increased levels of Inteleukin-5 (IL-5) in the  LS group which did not occur 
upon treatment with BLS (C: 18.44±1.2, LS: 53.40±14.80, BLS: 23.44±4.56) (fi gure 
4f). The same was found for Interleukin-4 (IL-4) (C: 13±0.35, LS: 73.36±30.46, BLS: 
18±2.7) (fi gure 4g), indicati ng involvement of T helper 2 (Th2) cells only upon LS 
treatment and not BLS exposure.
On the other hand, signifi cant high levels of Interferon γ (INFγ) (fi gure 4h) detected 
only aft er BLS exposure suggested that in BLS regimens an important role may be 
played by T helper 1 (Th1) cells  (C: 23.69±2.82, LS: 42.18±11.42, BLS: 184.8±57.88; 
P=0.005).
Furthermore, a signifi cant rise of Macrophages Infl ammatory Proteins 1α and β 
(MIP1α and MIP1β also known as CCL3 and CCL4) appeared as a consequence of BLS 
treatment (respecti vely for MIP1α C: 46.19±1.7, LS: 84.82±14.23, BLS: 420±223.8 
and MIP1β C: 12.81±0.57, LS: 53.43±18.80, BLS: 278.8±110.4; P=0.02) (fi gures 4j 
and 4k), which coincides very well with the observed macrophage (and especially 
pro-infl ammatory M1)-infl ux aft er BLS (table 1, fi gure 1).

D���������

The current study is the fi rst one using a mouse PD exposure model comparing 
lactate and bicarbonate/lactate-buff ered soluti ons in a uremic setti  ng, which more 
closely mimics the clinic status of a PD pati ent. Moreover, due to the availability of 
more reagents in the mouse, our study provides a more extensive analysis of the 
peritoneal and omental morphological alterati ons and a more accurate screening 
of infl ammatory and ti ssue remodelling parameters when compared to previous 
animal studies.
Our results showed that the use of low-GDP bicarbonate/lactate PDF did not result 
in a less impaired ultrafi ltrati on as was also shown in our recent study in both rats 
and mice on PD-exposure 4. This fact, together with the less peritoneal thickening 
obtained in animal models aft er exposure to new generati on PD treatments, 
indicates a reducti on in their harmful eff ect. 
Although in our uremic mouse PD model the exposure to BLS did not prevent 
thickening of the peritoneal membrane, we showed that a low GDPs bicarbonate/
lactate regimen can be more eff ecti ve than a conventi onal PD treatment in preserving 
from αSMA positi ve cells accumulati on in the parietal peritoneum, indicati ng a 
protecti ve role of BLS against fi brosis. Moreover, daily exposure to BLS rather than 
LS prevented new vessel formati on which may indicate a benefi cial eff ect of the BLS 
regimen in terms of peritoneal angiogenesis. In this regard, previous independent 
studies suggested that the use of low GDPs soluti ons was associated with less αSMA 
expression in a rat model 11 and bicarbonate/lactate buff ered regimen correlated 
with reduced angiogenesis and fi brosis 20.
The introducti on of neutral pH and parti cularly bicarbonate/lactate soluti ons might 
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Figure 4. Exposure to a bicarbonate/lactate buff ered soluti on is associated with increase of pro-
infl ammatory  cytokines. Protein levels of the main pro-infl ammatory cytokines detected in effl  uents 
collected from mice aft er 8weeks of PDF exposure. Cytokines levels (ρg/ml) are represented as means 
± SE as follow: (a) TGFβ1, (b) IL-1β, (c) IL-6, (d) TNFα, (e) IL-17, (f) IL-5, (g) IL-4, (h) INFγ, (j) MIP1α, (k) 
MIP1β. Column bars represent data as means ± SE of 5 animals per group. (* P<.05, ** P<.01).
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bett er preserve the functi on of peritoneal membrane cell populati ons 21. In our 
study exposure to both PDF did not aff ect the total cell number measured in the 
peritoneal effl  uents collected aft er the 8 weeks of treatment, neither their cell 
compositi on except for a signifi cant decrease in the number of CD4+ IL17+ cells and 
increase in (pro-infl ammatory M1) macrophages expression only in the BLS group. 
Although the increase of  CD4+ IL17+ upon LS treatment is in line with previous 
studies in mouse 4, the signifi cant reducti on of this populati on in the BLS group was 
not refl ected by a signifi cant decline of the IL-17 protein levels. On the other hand, 
the increase in the percentage of macrophages cell populati on in the peritoneal 
effl  uents was associated to an enhanced recruitment of pro-infl ammatory M1 
macrophages in the peritoneal membrane. Our results showed indeed accumulati on 
of macrophages in the parietal peritoneum and prevalence of the pro-infl ammatory 
(F480+) over the anti -infl ammatory subset (Decti n-1+) in the BLS group. Moreover 
in the same group, protein levels of both MIP1α and MIP1β, important chemotacti c 
factors for macrophages, were increased. Similarly, also IL-1β and TNFα, both pro-
infl ammatory cytokines produced by macrophages 22 were higher in the BLS group 
validati ng the hypothesis of an increased pro-infl ammatory macrophages infl ux 
upon BLS treatment.
We furthermore revealed a signifi cant rise of TGFβ1 levels together with IL-1β in 
the BLS group when compared to the group undergoing standard PD treatment. 
TGFβ1, as TNFα, is known to be pro-infl ammatory cytokines playing an important 
role during ti ssue fi brosis , infecti on and in the onset of chronic disease state 22. 
Nevertheless, the role of TGFβ1 is sti ll controversial and its pleiotropic eff ects are 
context dependent 23. 
The comparison between the conventi onal and biocompati ble PD treatment also 
showed signifi cantly higher expression of INFγ in the effl  uents in the BLS group 
and higher levels of IL-5 and IL-4 in the LS group. This fi ndings suggested that 
infl ammatory mechanisms occurring during exposure to bicarbonate/lactate buff er 
involve Th1 rather than Th2 cell subset while the opposite happened upon exposure 
to high GDPs lactate soluti ons.
Taken together these results might contradict the hypothesis of lower infl ammatory 
eff ect upon biocompati ble soluti ons. Nevertheless, in some PD studies increased 
levels of TNF-α, TGFβ1 and INFγ have been interpreted as a consequence of 
improved mesothelial and macrophages cell functi on instead to be seen as part of a 
pro-infl ammatory process 5, 24, 25. In our opinion, this eff ect might rather indicate an 
infl ammatory process led by an infl ux of M1-macrophages. 
It has been shown that in the infl ammatory phase newly att racted macrophages 
present a more pro-infl ammatory (M1) phenotype but only aft er the switch to M2 
they become pro-fi broti c 26-28. Moreover, we previously showed in vitro that only M2 
macrophages, and not M1, secrete factors inducing α-SMA expression and EMT 29. 
Recently it was also established in a clinical study that PD-related fi brosis correlate 
with an increase in M2 macrophages 27. So, based on these fi ndings, our present 
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results showing prevalence of peritoneal M1 over M2 macrophages should not be 
interpreted as an harmful eff ect of BLS exposure.
To conclude, the results in this uremic mouse PD model suggested that the use 
of bicarbonate/lactate low GDPs buff ered soluti ons leads to bett er preservati on 
of the peritoneal membrane in terms of fi brosis and angiogenesis. Moreover, our 
study showed that upon exposure to BLS decreased fi brosis and vascularizati on are 
mainly associated with peritoneal recruitment of M1 macrophages, higher levels 
of macrophages-related pro-infl ammatory cytokines and lower number of CD4+/
IL-17+ cells. So we interpret the infl ammatory changes in cell populati on aft er BLS 
exposure as positi ve, although further analysis need to be performed in order to 
investi gate the expression of those markers at the systemic level and to establish 
the exact mechanism involved. 

M������

Mouse PD model
C57BL/6J female mice (Charles River, Maastricht, The Netherlands) aged 12-
14 weeks and weighing approximately 20 g at the start of the study were used. 
Animals were organized as follow: 1 healthy control group (n=10), 3 PD groups 
(n=10 per group) daily exposed to 2ml saline or standard lactate-buff ered soluti on 
(Dianeal®, Baxter) or bicarbonate/lactate-buff ered soluti on (Physioneal®, Baxter) 
during a period of 8 weeks. Mice in all the PD groups underwent 5/6 nephrectomy 
and catheter implantati on (Customized mouse catheter MMP-4S-061108A, Access 
Technologies, Ridgeway, USA). 5/6 nephrectomy consisted in the complete removal 
of the right kidney and the removal of the anterior and posterior 1/3 part of the left  
kidney by using a monopolar electric blade as described previously described 17. All 
the animals were housed under standard conditi ons and were given food and water 
ad libitum. Health conditi ons were checked daily. The experimental protocols were 
approved by the Animal Welfare Committ ee at the VU University Medical Center, 
Amsterdam.

Cell counti ng 
At the end point, following the injecti on of 2ml standard PDF via catheter, peritoneal 
effl  uents were collected aft er 30 min, cells were isolated by centrifugati on and 
counted and stained with fl uorochrome-conjugated mouse-specifi c anti bodies 
against CD3, CD4, CD8α, B220, CD11b, Ly6C, F4/80 and IL-17 purchased from 
eBiosciences. Before intracellular staining, cells were re-sti mulated for 4 h with 
50ng/ml Phorbol 12-Myristate 13-Acetate (PMA) and 500ng/ml ionomycin in the 
presence of 1μg/ml BD Golgi Plug (eBiosciences). Samples were analysed in a BD 
FACS Fortessa (BD Biosciences) fl ow cytometer and further analyses were performed 
with FloJo soft ware.
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Histology and Immunohistochemistry
Parietal peritoneal biopsies were collected from the opposite side from the catheter 
installati on. The biopsies were fi xed in Bouin’s soluti on, embedded in paraffi  n, cut 
into 5 μm secti ons and stained with Masson’s Trichrome. Peritoneal membrane 
thickness was determined using a Carl Zeiss Microscope (GmbH, 37081, Götti  ngem, 
Germany). Microscope photographs were obtained by using an AxioCam ICc5. 
Peritoneal thickness of each animal was calculated by the median of measurement 
taken every 50 μm from one side to the other of the ti ssue sample.
Biopsies were frozen in Tissue-Teck® (O.C.T.® Sakura) and cut into 5 μm secti ons. To 
identi fy myofi broblasts and vessels samples were stained for anti -rat Alpha Smooth 
Muscle Acti n (αSMA 1A4, DAKO, 1:500) combined with anti -mouse-IgG (H+L) 
(Invitrogen) and Cluster of Diff erenti ati on 31 (αCD31, PECAM,  Serotec, Oxford, 
UK, 1:1000) coupled to anti -mouse-IgG-555 according to the manufacturer’s 
instructi ons. Nuclei were stained with DAPI. Florescence microscopy was performed 
with a Carl Zeiss Microscope and photographs were taken with an AxioCam HR R3. 
The areas positi ve for CD31 were calculated by CellProfi ler soft ware (2.1.1, Broad 
Insti tute, UK).

Quanti fi cati on of cytokines
Peritoneal effl  uents collected aft er 8 weeks of treatment were made cell free 
by centrifugati on (300G, 5mins, RT) and stored at -20˚C. Protein levels of mouse 
TGFβ1, IL-1β, TNFα, IL-17A, IL-6, INFγ, IL-5, IL-4, MIP1α and MIP1β were quanti fi ed 
by ProcartaPlex™ Multi plex Immunoassays (aff ymetrix eBioscence). 

Stati sti cal analysis
Data were analysed using GraphPad Prism soft ware (La Jolla, CA). Stati sti cal analysis 
was performed using One-way ANOVA test to compare the groups. Bonferroni’s 
test was used for multi ple comparisons. A P-value <0.05 was considered stati sti cally 
signifi cant (‘*’ = P<.05, ‘**’ = P<0.01, ‘***’ = P<.001). Data were shown as means ± 
SEM.
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