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Fig. 2. Verification of top collagen transcripts that were upregulated in the late phase of 

conjunctival wound healing by qPCR. (A) Real-time PCR analyses of top ten collagen genes in 

mouse conjunctival tissues harvested 2, 7, 14 and 21 days after experimental surgery. Data are 

calculated as fold change relative to paired, unoperated controls. The mean fold change of five 

groups, each consisting of operated tissues pooled from three mice, for each time point is 

indicated (n=5). *, p<0.05 for fold change on day 7 compared to all other time points; δ, p<0.05 

for fold change on day 7 compared to both days 14 and 21; ψ, p<0.05 for fold change on day 7 

compared to day 21 only. (B) Immunoblot analyses of COL8A1, COL11A1, and COL1A1 in 

mouse conjunctival tissues harvested on day 2 and day 7 post-experimental surgery. Three 

paired groups for each time point are shown (n=3). Op, operated tissues pooled from five 

independent eyes per group; C, paired, untreated controls pooled similarly.  Fold expression in 

operated relative to control tissues, both normalized to GAPDH, and the associated p values 

corrected by Bonferroni adjustment, where significant, are shown below the respective 

immunoblot.  

D
is

ea
se

 M
o

de
ls

 &
 M

ec
ha

ni
sm

s 
• 

D
M

M
 •

 A
dv

an
ce

 a
rt

ic
le



 

 

 

Fig. 3. Immunolocalization of COL8A1, COL11A1 and COL1A1 in the day 7 operated mouse 

conjunctival tissue. (A) Co-immunolabeling of COL8A1 (red), COL11A1 (green) and COL1A1 

(magenta). Upper panel, inset (i) shows a magnified image of the boxed area in the first and 

third images, with yellow and white arrowheads indicating high COL8A1/low COL1A1 and low 

COL8A1/high COL1A1 co-immunolabelings respectively; inset (ii) left, second image, shows a 
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magnified image of the boxed area co-immunolabeled for COL8A1 and COL11A1; inset (ii) right, 

second image, shows a magnified image of the boxed area co-immunolabeled for COL11A1 and 

COL1A1; inset (ii), fourth image, shows a magnified overlay image of the boxed area co-

immunolabeled for all three collagens. All insets do not include DAPI staining. Lower panel, a 

section from the same eye incubated only with the secondary antibodies used in the upper panel 

showed minimum non-specific staining in the bleb area in comparison to non-specific staining 

which was observable in the choroid (arrow). S, sclera.  (B) Co-immunolocalization of COL8A1 

(green) and COL1A1 (magenta) with ACTA2 (red). Yellow and white arrowheads in insets 

indicate COL8A1 and COL1A1 co-immunolabeling patterns as indicated in (A). Co-

immunolabelings of ACTA2 with COL8A1 (left inset, second image) or COL1A1 (right inset, 

second image) appear yellow or blue respectively. Co-immunolabeling of COL8A1 and COL1A1 

appears white (right inset, third image). All insets do not include DAPI staining.  (C) Co-

immunolocalization of COL11A1 (green) with F4/80+ cells (red). Inset, fourth image, shows a 

magnified overlay image of the boxed area co-immunolabeled for COL11A1 and F4/80. All 

pictures were captured by confocal microscopy. Scale bar=100 μm. 
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Fig. 4. Induction of top collagen genes by TGF-β2 in primary mouse conjunctival fibroblasts. (A) 

Real-time PCR analyses of collagen genes in fibroblasts stimulated for 72 h with TGF-β2.  Data 

shown is representative of three independent experiments, and calculated as mean fold change 

± SD relative to untreated controls. *, p<0.05 for fold change in treated versus control. (B) 
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Immunoblot analyses of COL8A1, COL11A1, and COL1A1 in mouse fibroblasts treated as 

indicated for 72 h. Three independent sets of experiments are shown. Fold expression in TGF-

β2-treated relative to control cells, both normalized to GAPDH, and p value (corrected by 

Bonferroni adjustment) where significant, is shown in the densitometric analyses below the 

immunoblot. 
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Fig. 5. Induction of top collagen genes by TGF-β2 in primary human conjunctival fibroblasts and 

in patients with surgical failure. (A) Real-time PCR analyses of COL8A1, COL11A1, COL8A2 

and COL1A1 in primary human conjunctival fibroblasts stimulated with TGF-β2 for 72 h.  Data 

shown is representative of three independent experiments, and calculated as mean fold change 

± SD relative to untreated controls. *, p<0.05 for fold change in treated versus control.  (B) 

Immunoblot analyses of COL8A1, COL11A1, and COL1A1 in human fibroblasts treated as 

indicated for 72 h. Three independent sets of experiments are shown. Fold expression in TGF-

β2-treated relative to control cells, both normalized to GAPDH, and p values (corrected by 

Bonferroni adjustment) where significant, are shown in the densitometric analyses below the 

immunoblot. (C) Real-time PCR analyses of COL8A1 and COL1A1 in human conjunctival 
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tissues from patients requiring repeat surgeries (n=15) relative to those with no prior GFS (n=20).  

Data for COL8A1 in tissues of patients with no prior surgeries was only available from 15 

patients since 5 samples did not produce detectable values. Data shown is calculated as fold 

change in expression in tissues of repeat surgery patients relative to that from patients with no 

prior surgery. Significant fold changes between the two groups of patients and the associated p 

values (*) are indicated. Each symbol represents one patient. 
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Table 1. Primer sequences for quantitative real-time PCR analysis. 

 

Gene Accession 
 

Sequences (5’→ 3’) 
Length 

(bp) 

m18S rRNA NR003278 
for GTAACCCGTTGAACCCCATT   20 

rev CCATCCAATCGGTAGTAGCG  20 

mRpl13a  NM009438.5 
for GAGGTCGGGTGGAAGTACCA  20 

rev TGCATCTTGGCCTTTTCCTT  20 

mCol1a1 NM007742 
for CTTCACCTACAGCACCCTTGTG 22 

rev CTTGGTGGTTTTGTATTCGATGAC 24 

mCol3a1 
 

NM009930.2 
for GAAAGAGGATCTGAGGGCTCG 21 

rev GGGTGAAAAGCCACCAGACT 20 

mCol4a2 NM009932.3 
for AATCACCACCAAAGGGGAGC 20 

rev GAATCCATCCAGCCCATCCC 20 

mCol5a2 
 

NM007737.2 
for AACAGCAGGAAATGACGGGG 20 

rev ACGAGAACCAGGATTGCCAC 20 

mCol5a3 
 

NM016919.2 
for AGCCAGCCAATCAGTCTGTC 20 

rev GTGCCACCTGCCATCCATAA 20 

mCol8a1 
 

NM007739.2  
for AGTACCCACACCTACCCCAA 20 

rev TGGCTAACGGTACTTCTCCTTT 22 

mCol8a2 
 

NM199473.2 
for GGCTATGCCCCGGTAAAGTAT 21 

rev TCGGTAGAGGCATTTCCAAG 20 

mCol11a1 
 

NM007729.2  
for TAGGACCACAGGGACCAACT 20 

rev CTGAGATACCTTGAGGCCCG 20 

mCol15a1 
 

NM009928.3 
for CGTGTCCGAGATGGTTGGAA 20 

rev GGCTGATACGGATTGCTGGA 20 

mCol27a1 
 

NM025685.3 
for GGAAGGAAGGGACACAAGGG 20 

rev CAGGGTCTCCTACAGGTCCA 20 

hRPL13A NM012423.3 
for CATCGTGGCTAAACAGGTACTG 22 

rev GCACGACCTTGAGGGCAGC 19 

hCOL1A1 NM000088.3 
for CAGCCGCTTCACCTACAGC 19 

rev TTTTGTATTCAATCACTGTCTTGCC 25 

hCOL8A1 NM020351.3 
for CAGAAACCAGCCCCAGAGGTGTCAC  25 

rev GAAATGGTAAGCAGCACTCCCAGCAG  26 
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hCOL8A2 NM001294347.1 
for TGCTACTGAAATGCCTCTACCG 22 

rev GCTTTCCCATGCCTGGTTTT 20 

hCOL11A1 NM001190709.1 
for ATCACAGGTGATCCCAAGGC 20 

rev ACGATGTTTGCCTCATCTATCTG 23 

 
All primer sets were used under identical cycling conditions. Sequences were obtained from 
GenBank and accession numbers are denoted. Prefix m denotes mouse gene; prefix h denotes 
human gene. 
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