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Figure 5.2A) 
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Figure 5.2B) 
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Figure 5.2C) 
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Figure 5.2D) 
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Figure 5.3A) 
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Conclusions and Recommendations 

In our work, we focused on the mechanism of biomaterial-induced fibrosis. We 

tackled three questions: i) how does the initial inflammatory response to the implanted 

biomaterial influence the fibrotic response, ii) how important is the SMAD3 gene in 

biomaterial-induced fibrosis and, iii) how do MRL mice respond to a implanted 

biomaterial. We analyzed our results from molecular, cellular and histological aspects. 

To answer the first question, mice received one of four different treatments: i) 

silicone tube, ii) silicone tube with LPS, iii) PLGA coated silicone tube, and iv) PLGA 

coated silicone tube with LPS. The implant was placed in the peritoneal cavity for 3 days. 

The purpose of LPS is to induce acute inflammation. From our results, LPS induced a 

higher production of IL-l~ when compared to the non-LPS-treated, but not significantly. 

The concentration of TGF-~1 did not increase with the application of LPS, but in fact, 

decreased slightly. For the concentrations of IL-l~ and TGF -~ 1 in the peritoneal lavage, 

we did not find a direct relationship between the two cytokines, but we observed that the 

silicone implant induced higher productions of both cytokines than the PLGA coated 

silicone tube did. The cell layer on the implanted silicone tube was much thicker than the 

cell layer on the PLGA surface. Finally, the silicone tube with LPS treatment induced the 

highest neutrophil population in the peritoneal lavage. We concluded that the fibrotic 

response was affected by the type of implanted biomaterial rather than severity of acute 

inflammation. 

To answer our second question, we had four different treatments: i) 1 day 

implantation of a silicone tube in SMAD3 KO mice, ii) 7 day implantation of a silicone 
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tube in SMAD3 KO mice, iii) 1 day implantation of a silicone tube in WT mice, and iv) 7 

day implantation of a silicone tube in WT mice. In Smad3 KO mice, the concentration of 

TGF-P1 did not differ between the two time points, and on the 7th day, the cell layer on 

the surface of the implanted silicone tube was much thicker as expected. We did not 

observe a significant difference on the cellular behaviour at the surface of the implanted 

biomaterials at either time point between the two mice. We found an increased neutrophil 

population in the peritoneal lavage with the implantation, though again, no difference 

between SMAD3 null and WT mice. Finally, the population of the monocytes increased 

with the implantation and the duration of implantation for both mice. We did not observe 

a significant difference in biomaterial induced fibrotic response between the two mouse 

strains. 

With our MRL project, we wanted to investigate whether this strain of mouse 

produces a non-typical fibrotic response to the implanted biomaterial. We had four 

different treatments: i) 7 day silicone tube implantation in MRL mice, ii) 28 day silicone 

tube implantation in MRL mice, iii) 7 day silicone tube implantation in C57BL/6 mice, 

and iv) 28 day silicone tube implantation in C57BL/6 mice. We did not observe a 

difference in cellular behaviour and cell layer thickness on the surface of the implanted 

biomaterial between the two strains of mice. We did observe higher concentrations on 

MMP-2, Pro-MMP-9 and TGF-Pl in MRL mice at both time points. A result that was 

unexpected was that MRL mice had peak neutrophil population on the 28th day of 

implantation when the response was expected to be mostly encapsulation and fibrosis 

instead of severe inflammatory response. 
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For future studies, we would suggest investigating the importance of the presence 

of TGF -~ 1. We found a fibrotic response in all our treatments and also the presence of 

TGF-~1. Though its concentration did not always correlate to the severity ofthe fibrotic 

response, it could mean that the response only needs a certain concentration to trigger the 

pathway, though there is also a potential of negative feedback when the concentration of 

this cytokine reaches a limit. Another possibility is that there is another 

mechanism/pathway that guides the biomaterial-induced fibrosis. A complete elimination 

of the cytokine could help us determine the existence of a pathway which does not 

involve TGF-~1. 

The cellular behaviour on the surface of the implanted biomaterial did not change 

between the mice strains in all three of our projects. The only time it was different was 

when there were two types of biomaterials which gives us a possibility that the surface 

structure and chemistry, and the initial contact is the key to the following fibrotic 

response. 

Another issue that would need to be considered is the attachment of intestines to 

the implanted biomaterials. When implanted, often the tube was tangled with the 

intestines and the detaching caused bleeding of the intestine. A fixture of the implant at 

desired location would be desired. 

In conclusion, we found that: i) the fibrotic response to the implant is heavily 

dependent on the type of biomaterial, ii) TGF -~ 1 is involved in fibrotic pathway toward 

the implanted biomaterial but there is potentially another pathway existing, iii) MRL 

mice had a higher production of TGF-~1, MMP-2 and Pro-MMP9 but the response to 
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biomaterials was as severe as in a pro-fibrotic mouse strain. 
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Appendix A 

ELISA (IL-l p) BD (Cat. No. 559603) 

For a 96 well-plate 

Capture Antibody: 1:250 dilution (with Coating Buffer) 
48ul Capture Ab + 12 ml Coating Buffer 

Coating Buffer 
O.lM Sodium Carbonate, pH 9.5 

Detection Antibody: 1:250 dilution (with Assay Diluent) 
48ul Detection Antibody+ 12ml Assay Diluent 

Enzyme Reagent: 1:250 dilution (with Assay Diluent) 
48ul Enzyme Reagent + 12ml Assay Diluent 

Standards· 
Std Original Std.2000 Std.lOOO Std.500 Std.250 
Cone 130ng/ml 2000pg/ml lOOOpg/ml 500pg/ml 250pg/ml 

12ul 12ul of 350ulof 350ulof 350ulof 
Original Std.2000 Std.lOOO Std.500 

Assay 768ul 350ul 350ul 350ul 
Diluent 

Assay Diluent 

Std.l25 
125pg/ml 
350ulof 
Std.250 
350ul 

PBS+ 10% FBS = 19.2 + 10 + 10 + 3 = 42.2 ml ~ 50ml(FBS: 5ml) 

Wash Buffer 

Std.62.5 
62.5pg/ml 
350ulof 
Std.125 
350ul 

Std.31.3 
31.3pg/ml 
350ulof 
Std.62.5 
350ul 

PBS+ 0.05%Tween-20 = 300ul/well x 96 x (3+3+5+5+7) = 662.4ml ~ 900ml (Tween-
20: 0.45ml) 

Substrate Solution (TMB) 
lOOullwell x96 = 9.6ml ~ 12ml (6ml A+ 6ml B) 

Stop Solution (1M H3P04) 
50ul/well x96 = 4.8ml ~ 6ml 

Procedure 
1. Add 1 OOul diluted Capture Ab to each well. Incubate overnight at 4°C. 
2. Aspirate and wash 3 times. 
3. Block plates: 200 ul Assay Diluent to each well. Incubate lhr at RT. 
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4. Aspirate and wash 3 times. 
5. Add 1 OOul standard or sample to each well. Incubate 2hr at RT. 
6. Aspirate and wash 5 times. 
7. Add 1 OOul diluted Detection Ab to each well. Incubate lhr at RT. 
8. Aspirate and wash 5 times. 
9. Add 1 OOul diluted Avidin-HRP (Enzyme Reagent) to each well. Incubate 30min 

at RT. 
10. Aspirate and wash 7 times. 
11. Add 1 OOul Substrate Solution to each well. Incubate 30min at RT in dark. 
12. Add 50ul Stop Solution to each well. Read at 450nm within 30min with 'A 

correction 570nm. 
Note: Prepare these solution 15min ahead before use. 

128 



MASc Thesis- A. C. Chang McMaster University- Chemical Engineering 

Appendix B 

TGF - ~ 1 ELISA 

Materials Requrired: 

Coating Buffer: 0.1M NazHP04, adjust to pH 9 using NaHzP04 

Washing Buffer: 0.5mL Tween-20 in 1 L PBS 

Blocking Buffer: 10% FBS in PBS 

Stop Solution: 1M Phosphoric Acid (Mix 115mL 85% Phosphoric Acid with deionized 
water to make 1 L solution) 

Capture Antibody: 48J..LL Stock Antibody + 11.952mL Coating buffer 

Detection Antibody: 12J..LL Stock Antibody+ 11.988mL Blocking buffer 

Enzyme Solution: lOJ..LL HRP + 9.990mL Blocking buffer 

Substrate Solution: 6mL Reagent A+ 6mL Reagent B (Make immediately before use) 

TGF- fJJ Standards: 

s Stock Std. 125 Std. 62.5 Std. 31 .25 Std. 15.625 Std. 7.81 Std. 3.9 Std. 0 
t 
a 
n 
d 
a 
r 
d 
c 250 125 62.5 31.25 15.625 7.8125 3.90625 Opg/mL 
o ng/mL pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL 
n 
c 

lOf.lL of 2mLof 2mLof 2mLofStd. 2mLofStd. 2 mL of St. 
Original Std. 125 Std. 62.5 31.25 15.625 7.81 

E 19.990 m1 2mL 2mL 2mL 2mL 2mL 2mL 
1 
0 

c 
k 
i 
n 
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g 

B 
u 
f 
f 
e 
r 

Method: 

1) Capture Antibody 
a. Add 1 OOJ.!L of capture antibody solution to each well 
b. Seal plate and incubate overnight at 4°C 

2) Blocking 
a. Aspirate capture antibody and wash plate 3 times 
b. Add 200J.!L blocking buffer to each well 
c. Seal plate and incubate 1 hour at room temperature 

3) Standards and Samples 
a. Aspirate blocking buffer and wash plate 3 times 
b. Add 1 OOJ.!L standard solution or sample solution to the wells 
c. Seal plate and incubate for 2 hours at room temperature 

4) Detection Antibody 
a. Aspirate standards and samples and wash 4 times 
b. Add 1 OOJ.!L of detection antibody to each well 
c. Seal plate and incubate for 1 hour at room temperature 

5) Enzyme Solution 
a. Aspirate detection antibody and wash 5 times 
b. Add 1 OOJ.!L of enzyme reagent to each well 
c. Seal plate and incubate 30 minutes at room temperature 

6) Substrate 
a. Aspirate enzyme solution and wash 5 times 
b. Add 1 OOJ.!L Substrate solution to each well 
c. Seal plate and incubate 30 minutes at room temperature in DARK 
d. Add 50J.!L stop solution 
e. Read optical density at 470nm 
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