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The Role of Transglutaminase-2 in Fibroproliferation after
Lipopolysaccharide-induced Acute Lung Injury

Je Hyeong Kim, M D, PhD,

Division of Pulmonary, Sleep and Critical Care Medicine, Department of Internal Medicine, Korea University Ansan Hospital,

Ansan, Korea

Background: Transglutaminase-2 (TG-2) has been reported to play an important role in the process of fibrosis.
However, TG-2 studies on fibroproliferation of acute lung injury (ALI) are absent. The purpose of this study was
to investigate the role of TG-2 in the fibroproliferation of lipopolysaccharide (LPS)-induced ALI

Methods: The male C57BL/6 mice of 5 weeks age were divided into 3 groups; control group (n=30) in which
50 pL of saline was given intratracheally (IT), LPS group (n=30) in which LPS 0.5 mg/kg/50 «L of saline was
given IT, and LPS+Cyst group treated with intraperitoneal 200 mg/kg of cystamine, competitive inhibitor of TG-2,
after induction of ALI by LPS. TG-2 activity and nuclear factor (NF)- kB were measured in lung tissue homogenate,
Tumor necrosis factor (TNF)-a, interleukin (IL)-1 5, IL-6, myeloperoxidase (MPO), and transforming growth factor
(TGF)- 81 were measured using bronchoalveolar lavage fluids, Histopathologic ALI score and Mallory’s phospho-
tunistic acid hematoxylin (PTAH) for collagen and fibronectin deposition were performed.

Results: The TG-2 activities in the LPS group were significantly higher than the control and LPS+Cyst groups
(p<0.05). The TNF-@ and IL-15 concentrations and NF- £B activity were lower in the LPS+Cyst group than the
LPS group (p<0.05). The LPS+Cyst group showed lower MPO, ALl score, TGF- 81 concentration, and Mallory’s
PTAH stain than the LPS group, but the differences were not significant (p>0.05).

Conclusion: Inhibition of TG-2 activity in the LPS-induced ALI prevented early inflammatory parameters, but had
limited effects on late ALI and fibroproliferative parameters,
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5582 7 C57BL/6 miceE pentobarbital sodium
65 mg/kgZ T A)Z| 2, midcervical incisionS 53l 7]
e =& AZ &, 26 G microsyringeZ o]-&3}ed LPS
(£ coli 0127:B8; Sigma, St. Louis, MO, USA) in 50 4L
of salines 713 W2 FAsIe] F=skditt. #o] A&
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2. 2M HaA X4 2 Mallory's phosphotunstic
acid hematoxylin A4*
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inflammatory cells in the airspace or interstitium, 4)
thickness of the alveolar wall/hyaline membrane for-
mation 52| Y] 7}A R|%e &4, 0, minimal (little)
damage; 1+, mild damage; 2+, moderated damage;
3+, severe damage; 4+, maximal damage?] five-point
scale system© 2 Aglste] vlwsttt, HAAshkgo
2 913} collagen & fibronectin 212+, fibronectinol] T
3} ThE-E3kA(monoclonal antibody)E ©]-&3) W%
389440 (immunohistochemical stain)$] Mallory's phos-
photunstic acid hematoxylin (PTAH) G415 AJ3)3l & o]
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chloride (1,25 mg/mL in PBS), 0.1% wt/vol®] bovine
serum albumin (BSA) 2 H,O, (0.05%=0.4 mM)¥} ¥h-&-
AIZ1 Foll, 450 nmelx] F3E0] H3lkE SAlete] 274gst
At

4. Nuclear factor (NF)-«B activitye| &H

Tissue homogenateolx] NF-£B2] gide] 238 A=

>

8,000

6,000

TG-2 activity (RFU/mg of protein)

4,000 -

Control 3hr 6 hr 12hr 24 hr 36 hr 48 hr 72 hr

O

8,000

) ‘ ‘ ‘ ‘ [
4,000 -J

O
o°{$

TG-2 activity (RFU/mg of protein)

FEWlhes 32 ek, dek s I A=
T HZ22kS AAEle], lung tissue homogenateol|4] nu-
clear protein extraction kit (Active Motif, Carlsbad, CA,
USA)E o]83}], nudlear proteing FZ3}], NF- £ B
DNA binding capacityZ 0]-8-8+ TransAM™ NF- kB Kit
(Active Motif)© 2 NF-£Be] &AL =A3514c)

5. TG-2 &Moo =8 U TG-2 x|

TG-29] 4L lung tissue homogenatedl|A fluore-
scence based protein arraysE o]-&3le] =43}t
Fibrinogen®} incubationd}t amine modified glass slideZ
A|ZFst & lung tissue homogenateE CaCl,2} thrombin
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Figure 1, (A) The time course of transglutaminase (TG)-2
activity, Thirty six hours after intratracheal instillation of lip-
opolysaccharide (LPS, 0.5 mg/kg in 50 «L of saline), TG-2
activity showed significantly high activity compared with the
control, 3, 6, 12, and 24 hours ("p<0.05), At 48 hours and
72 hours, TG-2 activities decreased, but not significant
compared with the activity at 36 hours (Tp >0.05), (B) The
response of TG-2 activity for LPS doses, Instillation of LPS
1.0 mg/kg in 50 «L of saline showed an increased trend
of TG-2 activity, but not significant compared with the activ-
ity of LPS 0.5 mg/kg (Tp:0,248)_ (C) The dose response
of TG-2 activity for cystamine, At the cystamine dose of 200
mg/kg, TG-2 activity decreased significantly compared with
the LPS group (*p=0.009), which was not different with the
control group (|| p=0.806).
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Figure 2, The time course of acute lung injury (ALl) parameters, The concentrations of tumor necrosis factor (TNF)- @
(A), interleukin (IL)-1 2 (B), and IL-6 (C) in bronchoalveolar lavage fluid (BALF) and nuclear factor (NF)- # B activity (G)
in lung tissue homogenates showed peaks at 6 hours after lipopolysaccharide (LPS) administration, Transforming growth
factor (TGF)- 81 (D) and myeloperoxidase (MPO) activity (E) were highest at 36 hours, and ALl score (F) showed peak
at 48 hours (p<0.05, compared with the control and other time points),
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Control 50 pL of saline i.t.

LPS 0.5 mg/kg in

LPS 50 pL of saline i.t.

LPS 0.5 mg/kg in
50 pL of saline i.t.
+

LPS+Cyst
Cystamine 200 mg/kg i.p.

0 hr 6 hr 36 hr 48 hr
6 hr BAL set 36 hr BAL set 48 hr tissue se
TNF-o, IL-18, and IL-6 MPO activity and TGF-B1 ALl score
in BALF in BALF

6 hr tissue homogenate set
NF-xB activity

36 hr tissue set
Mallory's PTAH stain

in lung tissue homogenate

Figure 3. Overall study design, Control: control group; LPS: lipopolysaccharide group; LPS+Cyst: LPS+cystamine
group; BAL: bronchoalveolar lavage; TNF- @: tumor necrosis factor- ; IL-1 3 interleukin-1 8; IL-6, interleunkin-6; BALF:
bronchoalveolar lavage fluid; NF- « B: nuclear factor- « B; TGF- 81: transforming growth factor- 5 1; Mallory's PTAH:
Mallory's phosphotunstic acid hematoxylin; ALI: acute lung injury.

o] foJahA 7H23F oM (p=0.009), thETF =Fo)7} ¢
0}(p=0.806), cystamine 200 rng/kg—“ AedFos 24
3FSth(Figure 10). 24g 574 3] A BES LPS 0.5
mg/kg in 50 /L of saline 7|1# W2 FARE 2 6, 12,
24, 30, 48 B 72A17F AP ollA sl itt, TNF- e, 11-1
B, 1L-6 & NF- kB activityt= 6AI7HM H1 5= 2 &
4S BHolth MPOZAT} TGE- £19] FEE 36A17k] A
A =ka1, FA4 HIEY ASHALL score)= 48417 ] AL
= eI tHp<0.05, compared with the control and
other time points) (Figure 2).

4 H&3 AE, TG-2 84 2 cystamine 8- HF3-
o gt AFARES TAR u]vﬂﬂr 2o tzjologz 2l
S zleeirt. Atz (n=30), LPS 0.5 mg/kg in

50 pL of salineg 7]¥ W2 FARE] 54 d&ds
T3k LPST(n=30) ¥ LPSE 7| U2 Fos & 200
mg/kg®] cystamineS E74 W2 FoJslk LPS+ Cyst
(n=30)2.% 7ol Adstqirt. ZF 2 thA] BALFOIA
TNF-a, 118 2 16 S35 93t 6ARF BAL set
(n=6/group), MPO &4 9 TGF- 81 A& 9J3} 36117k
BAL set (n= 6/group), NF-£B activity 48 $13F 62K+
tissue homogenate set (n=6/group), Mallory's PTAH ¢

S 9J8k 36417k tissue set (n=6/group) 2 FA H<&7d
A4 242 93l 48213t tissue set (n=6/group)E= Y
FoACHFigure 3).

8. &4

td
e

A Pt FFAAE BAIBHIE 7 o 3]
B+ ¥ 244 Kruskal-Wallis 7373} Mann-Whitney U
AAE AREEI o, ZE ARk SPSS for Windows
Release version 12,0 (SPSS Inc,, Chicago, IL, USA)S A}
S3H9, pato] 0.05 ola}e] A% EAA Felel )
= Ao g Hokac)

2 o
1, 162 &4

AN 2, LPST 2 LPS+ CystollA] TG-29] &4
L Z+7} 5408.8+235.63 RFU/mg of protein, 7185.79+
371,13 RFU/mg of protein & 5829,2%496.08 RFU/mg
of protein® 2 Al = kel F-2fgk ZFo]7} JATHp=0.011
by Kruskal-Wallis test), LPSw3} H]2&}e] LPS+ Cyst
oM TG-29] E7do] FrefshAl FHashalom(p=0.009),
2T LPS+Cystir Ftelles fojdk Abolzh glgict
(p=0.806) (Figure 4A),
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Figure 4, Transglutaminase (TG)-2 activity (A), tumor necrosis factor (TNF)- @ (B), and interleukin (IL)-1 & (C) were sig-
nificantly decreased in the lipopolysaccharide (LPS)+Cyst group compared with the LPS group ("p<0.05). IL-6 (D)
concentration was higher than the LPS group, but not significant (Tp >0.05),
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Figure 5. Nuclear factor (NF)- # B activity (A) was significantly decrease in the lipopolysaccharide (LPS)+Cyst group
compared with the LPS group (*p=0.028). Myeloperoxidase (MPO) activity (B) and transforming growth factor (TGF)- 51
concentration (C) in the LPS+Cyst group was lower than the LPS group, but not significant (Tp >0.05),

2. 354 AEII

LPS Fo] B GA7kel] BALFoA] 248k INF-a, 11-1 8
2 169 Fee AANERTAME SAHEA 2k,
TNF-a9] FEe IPST 2 IPS+CystrollA Z+z}
4,105.1£811,91 pg/mL, 2,650.2+530.57 pg/mLZ LPS
+ Cystiroll A &3] Skal(p=0.14) (Figure 4B), IL-1
B9 &% GA| 64.2+10.17 pg/mL, 29.7%9.67 pg/mLE
LPS+ CystrellX] fro3hA] W kth(p=0.14) (Figure 4C).
AN [L-69] FEE LIPS 2 LIPS+ Cystitol|A 2zt
1,050.24261.99 pg/mL, 1,468.51381.28 pg/mLE LPS
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+Cystolld 2318 =& HS Hol7l= AN B
2082 FoJElAE eEktH(p=0.083) (Figure 4D).

3. NF-«B &M MPO &AM 2 ALl X|$

Lung tissue homogenatedl|4] LPS F¢ & 6A[7lo]| =
st NF-4B9] &2 A ddjz, LPS 2 LPS+ Cyst
TollA, ZFzE 0.0289+0.0053 optical density (O.D.),
0,272840,0629 O.D. & 0.1757+0.0477 O.DE A & 7+
o foJsk o]z} Q2 A(p=0.001 by Kruskal-Wallis
test), LPST-#} H| ko] LPS+ CystirollA] NE- kB2] 24
o] frolaHAl 7radkArk(p=0.028) (Figure 5A). LPS F-of
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PR ST,

ALI score
o o]

T
Control LPS LPS+Cyst

Figure 6, Histopathologic examination shows significantly higher levels of intra-alveolar exudates, inflammatory infiltration,
hemorrhage, and interstitial edema in the lipopolysaccharide (LPS) group (B), compared with the control group (A). The
LPS+Cyst group (C) showed similar findings with the LPS group. Acute lung injury (ALl) score (D) was not different
between the LPS and LPS+Cyst groups (p=0.171) (H&E stain, x100),

T 30A1%ell BALFoA] S48 MPOS] /-2 Al ellA],
Z¥z} 0.032410.0151 O.D., 0.1246+0.0461 O.D, %
0.1094%0,0414 O.DE Fro]gt zto]7} YAAITHpP=0.004
by Kruskal-Wallis test), LPS«¥} H]u&}e] LPS+ Cyst
X MPOS] EAo| FHadh= Aeks Hol7le PR &
AF oS gIthp=0.754) (Figure 5B). Z¥H2{S1 7
&3] AE=E H&E 94 sfell arash 23, Az
T(Figure 6A)3} H]&}e] LPST(Figure 6B)olA HE A
Hhol] thake] At 9l Zapeke] YA Fl2E o A=
Holl B2 A4 AEE &, o 2AEH 79 2
HE f S83 1HEo HF g 7% Fo] #EEI
LPS + Cystiol|4 (Figure 6C) &n|74 o=z B3l Heat
o Fr= LpSw vlwate] FEigt 2tol7} gigion, of
£ ALl AR geksiete] vlwgt A, A, LPS
T % LIPS+ Cystiroll A, Z42; 4.83+0.7, 11.8+2.4 H

5% 1302 A 219 Felt HoVk YTLOHp-0.03
by Kruskal-Wallis test), LPS#3} LPS + Cystst Ato]ol| -
o8k 2Foli= YIEH(p=0.171) (Figure 6D).

4, TGF-51 2 Mallory's PTAH @444

LPS o] 3 30A|7te]] BALFoA] S48 TGF-£19] &
T AUET, ST 2 LPS+Cystold, 7+
58.2£7.92 pg/mlL, 144.3%£50.32 pg/mL 2 118242429
pg/mLE. el Aol7h SlSitHp=0.004 by Kruskal
Wallis test), 3FA|RF LPS2} ] 1l&}e] LPS + Cystirol| 4]
TGF- B12] &X4o| Fhadhs Aes Ko7l AN &
A el g9dth(p=0.347) (Figure 5C). Mallory's
PTAH 94 (Figure 7)& AJ3¥3}Fe] collagen % fibronectin
zs dudos nzst A3, Ao w Gy R
Aol Awr} LPST(Figure 7B) 2 LPS+ Cyst(Figure
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Figure 7, Mallory's phosphotunstic acid hematoxylin (PTAH) stain (x400). The percent area of positivity (brown color
A) was significantly larger in the LPS group (B) than the control group (A). Between the LPS and LPS+Cyst (C) groups,

the area was similar (D, *p=0.423).

7C) oA AR 2 (Figure 7A)3} Hlate] F71aHle
o, o AT 2ES o] 8ate] Aekslet At Al ol
X 242} 1.3540.53% (of stained area), 5.1710,52% 2
5.0+0,5602 G-eJat xFo]7} 9 OLKp=0.003 by Krus-
kal-Wallis test), LPST-¥} B n2d}ed LPS+ Cystr-ollA &Y
o) A} s ARE Holsle AR EAE fo
4L §Ith(p=0.423) (Figure 7D).
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