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Short Communication

Analyses of damage-associated molecular patterns, particularly 
biglycan, in cisplatin-induced rat progressive renal fibrosis
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Abstract: Damage-associated molecular patterns (DAMPs) and their receptors (TLR-2 and -4) may play important roles in renal 
fibrosis, of which the pathogenesis is complicated. We used rat renal lesions induced by a single intraperitoneal injection of cisplatin 
at 6 mg/kg body weight; consisting of tissue damage of renal tubules on days 1 and 3, further damage and regeneration with inflam-
mation mainly on days 5 and 7, and interstitial fibrosis on days 9, 12, 15, and 20. Microarray analyses on days 5 (the commencement of 
inflammation) and 9 (the commencement of interstitial fibrosis) showed that DAMPs increased by more than two-fold relative to control 
included common extra-cellular matrix (ECM) components such as laminin (Lamc2) and fibronectin, and heat shock protein family, 
as well as fibrinogen, although it was limited analysis; Lamc2, an element of basement membrane, may be regarded as an indicator for 
damaged renal tubules. In the real-time RT-PCR analyses, TLR-2 significantly increased transiently on day 1, whereas TLR-4 signifi-
cantly increased on days 9 and 15, almost in agreement with the increased biglycan (a small leucine-rich proteoglycan as ubiquitous 
ECM component). As M1/M2 macrophages participated in renal lesions, such as inflammation and fibrosis, presumably, TLR-4, which 
may be expressed in immune cells, could play crucial roles in the formation of renal lesions in association with biglycan. (DOI: 10.1293/
tox.2022-0148; J Toxicol Pathol 2023; 36: 181–185)
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Renal fibrosis is regarded as the common final path-
way following renal tissue damage and may lead to chronic 
kidney disease (CKD) as the final stage. Macrophages and 
myofibroblasts play important roles in the development of 
renal fibrosis1–4. Transforming growth factor-β1 (TGF-β1), 
produced mainly by reactive macrophages, is an important 
factor for the activation and induction of myofibroblasts5. 
Partly, the myofibroblasts may be evoked via the epithelial-
mesenchymal transition (EMT) in incompletely regenerat-
ing renal tubules6. Previously, we reported the participation 
of M1/M2-macrophages in cisplatin (CDDP)-induced rat 
renal lesions; CD68+ M1 macrophages began to increase 
in injured areas, with increased expressions of M1-related 
inflammatory factors (interferon-gamma [IFN-ɤ], tumor 
necrosis factor-alpha [TNF-α], and interleukin [IL]-6), and, 
thereafter, CD163+ M2 macrophages showed a gradual in-
crease with interstitial fibrosis which was accompanied by 
increased TGF-β1 expression and myofibroblast develop-
ment; M1/M2 macrophages cooperatively contribute to pro-

gressive renal fibrosis1. Macrophage infiltration may be in-
duced by “damage-associated molecular patterns (DAMPs)” 
released by injured tissues or dying cells7. DAMPs activate 
Toll-like receptors (TLRs) expressed in immune cells such 
as macrophages7–9. TLRs are germline-encoded pattern-
recognition receptors as a first line of innate defense by 
recognizing pathogen-associated molecular patterns as 
well as endogenous signals (such as DAMPs) of tissue in-
jury9. Downstream effects of TLR engagement include the 
production of inflammatory cytokines and chemokines in 
affected cells8. DAMPs may be important factors in renal 
lesion development; however, the contribution of DAMPs 
and their TLRs to CDDP-induced rat renal fibrosis remains 
to be investigated.

Here, kidney samples, that we had previously investi-
gated the participation of M1/M2-macrophages1, were used; 
briefly, out of the 27 six-week old male F344/DuCrj rats, 24 
rats were intraperitoneally injected once with CDDP (Nip-
pon Kayaku Co. Ltd., Tokyo, Japan) at 6 mg/kg body weight 
(BW); three rats were sacrificed on each of days 1, 3, 5, 7, 
9, 12, 15, and 20 after CDDP injection. The remaining three 
rats, served as controls, were injected with equivalent vol-
umes of phosphate-buffered saline in the same manner, and 
were sacrificed on day 0. All the rats were euthanized un-
der deep isoflurane anesthesia. The experimental protocols 
were performed according to the Institutional Guidelines 
for Animal Care and Use in our University.

Detailed histopathological findings are described in 

Received: 30 December 2022, Accepted: 7 March 2023
Published online in J-STAGE: 22 March 2023
*Corresponding author: J Yamate (e-mail: yamate@omu.ac.jp)
©2023 The Japanese Society of Toxicologic Pathology
This is an open-access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial No Derivatives 

(by-nc-nd) License. (CC-BY-NC-ND 4.0: https://
creativecommons.org/licenses/by-nc-nd/4.0/).

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


DAMPs in Cisplatin-induced Rat Progressive Renal Fibrosis182

our previous study; briefly, on days 1 and 3 after CDDP 
injection, renal proximal tubular epithelial cells, especially 
those at the S3 segment in the cortico-medullary junction, 
underwent swelling with nuclear degeneration; on days 5 
(Fig. 1a) and 7, in addition to desquamation or regeneration 
of renal epithelial cells, infiltrating macrophages began to 
be seen in the affected areas; on days 9 (Fig. 1b), 12, 15, 
and 20, interstitial fibrosis gradually developed around vari-
ously dilated renal tubules, accompanied by an increase in 
myofibroblasts1. Interstitial fibrosis, demonstrable with 
Azan-Mallory staining for collagens and the appearance of 
α-smooth muscle actin-immunopositive myofibroblasts, was 
shown in our previous study1. In order to find out possible 
candidates of TLRs and DAMPs, first, microarray analysis 
was performed on days 5 and 9, because inflammation and 
interstitial fibrosis began to be seen on days 5 and 9, respec-
tively. Total RNA was extracted from the cortico-medullary 
junction of the renal tissues using the SV Total RNA Isola-
tion System (Promega, Madison, WI, USA). RNA samples 
(n=1, pooled from three rats at each time point) were sub-
jected to the following procedures: quality check using the 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA), 
cDNA synthesis and cRNA labeling and amplification us-
ing the Low Input Quick Amp Labeling Kit (Agilent Tech-
nologies), hybridization at 65°C for 17 h with Whole Rat 
Genome 4×44K l color (Agilent Technologies), and signal 
scanning using the Microarray scanner (Agilent Technolo-
gies). On day 5 (the commencement of inflammation), the 
DAMPs listed in Table 1 were increased approximately 
2- to 40-fold compared with those in the control, however 
no significant increases in TLRs mRNA expressions were 
observed. On day 9 (the commencement of interstitial fi-
brosis), along with increased expression of TLR-2 (3.1-fold) 
and TLR-4 (2.2-fold), the DAMPs listed in Table 2 were in-
creased by approximately 2- to 20-fold compared with those 
in the control. Although this is a limited analysis, on days 

5 and 9, extra-cellular matrix (ECM) components such as 
laminin (Lamc2) and fibronectin (Fn1), and the heat shock 
protein (Hsp) family (Hspa1b, Hspa1a, Hspb1 or Hspa2), 
as well as fibrinogen (Fgb), increased in common (Tables 
1 and 2). Out of them, Lamc2 expression was remarkably 
high both on days 5 (39.6-fold) and 9 (12.6-fold). Specifi-
cally, on day 5, renal epithelial cells were injured by CDDP 
and desquamated, apparently leading to disruption of the 
tubular structure (Fig. 1a). When the basement membrane is 
disrupted, injured renal tubular epithelial cells are sloughed 
from the basement membrane and fall into the lumen, re-
sulting in interstitial fibrosis, which is occasionally accom-
panied by abnormal epithelial regeneration based on the 
degree of disruption10, 11. Increased level of Lamc2 may be 
regarded as an indicator for the damaged renal tubules, fol-
lowed by interstitial fibrosis. Increased expressions of S100 
proteins (S100a8 and S100a9 at 11.3- and 9.1-fold, respec-
tively) on day 5, HSPs (Hspa1b, Hspa1a, Hspb1 or Hspa2 
at 2.1- to 2.9-fold) on days 5 and 9, and biglycan (Bgn at 
3.9-fold) on day 9 were observed. S100 proteins and HSPs 
are regarded as cytoprotection proteins12–14, and they are in-
cluded in DAMPs15.

Biglycan is a component of ECMs, and its detailed dis-
cussion is mentioned below. As DAMPs may act as triggers 
for inflammation or fibrosis in pathological lesions16, the 
DAMPs listed in Tables 1 and 2 might have been related to 
the induction of inflammation on day 5 and fibrosis on day 9, 
although the more detailed analyses are needed.

Next, using samples on days 0 (controls), 1, 3, 5, 7, 9, 
12, 15, and 20, we investigated the kinetics of the mRNA 
expressions of DAMP genes such as nonhistone chromatin-
binding protein high-mobility group box 1 (HMGB1), bi-
glycan, Hspa1b, and S100a4, because they have been pre-
viously reported as influential DAMPs in kidney disease 
models16. These DAMPs and TLRs are related as follows: 
HMGB1 to TLR-2 and -4, Hsps to TLR-2 and -4 and S100 

Fig. 1. Histopathology on days 5 and 9 after cisplatin injection in rats. (a) On day 5, renal epithelial cells of the affected tubules showed necrosis/
swelling and desquamation, in addition to infiltrating macrophages. (b) On day 9, the variously dilated renal tubules were rimmed by 
regenerating epithelial cells, and interstitial fibrosis is seen, accompanied by inflammatory cells. Hematoxylin-eosin stain. Bar=50 μm.
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proteins to TLR-4, as well as biglycan to TLR-2 and -47, 8. 
Therefore, to further analyze the expressions of TLR-2 and 
TLR-4, as well as DAMPs (HMGB1, biglycan, Hspa1b, 
and S100a4), the real-time RT-PCR was performed. Total 
RNA, extracted from the corticomedullary junction as de-
scribed above, was reverse-transcribed into cDNA using the 
Super Script® VILO TM cDNA Synthesis Kit (Invitrogen, 
Waltham, MA, USA)1. For TLR-2, TLR-4, HMGB1, bigly-
can, Hspa1b, and S100a4, the THUNDERBIRDTM Probe 
qPCR Mix (Toyobo, Co., Ltd., Osaka, Japan) and TaqMan 
Gene Expression Assays (Life Technologies, Carlsbad, 
CA, USA) were performed using the following probes (as-
say IDs): Rn02133647_s1 for TLR-2, Rn00569848_m1 for 
TLR-4, Rn02377062_g1 for HMGB1, Rn01529734_g1 for 
biglycan, Rn02532795_s1 for Hspa1b, Rn01451938_m1 for 
S100a4, and Rn00667869_m1 for β-actin. The amplification 
program consisted of one cycle at 95°C with a 1-min hold 
followed by 40 cycles at 95°C (denaturing) with a 15-sec 
hold, 60°C (extension) with a 30-sec hold, and lastly 20°C 
(cooling) with a 10-sec hold. The expression values of target 
genes were normalized to those of β-actin. RT-PCR data are 
expressed as mean ± standard deviation (SD). Differences 
between control and CDDP-injected groups were evaluated 
using Dunnett’s test. Values of p<0.05 were considered sig-
nificant.

TLR-2 transiently increased significantly on day 1 (5.0-
fold; Fig. 2a), whereas TLR-4 mRNA expression increased 
significantly (3.0- to 5.0-fold) on days 9 and 15 (Fig. 2b). 
Biglycan significantly increased on days 9, 15, and 20 (2.5- 
to 4.0-fold) in the progressive renal fibrosis stage (Fig. 2c) 
compared with those in the control, which is consistent with 

TLR-4 mRNA expression. However, there was no signifi-
cant change in the expression of HMGB1, Hspa1b, or S100a4 
expressions. RT-PCR analyses showed that TLR-2 was ex-
pressed at a very early stage on day 1. TLR-2 is reported to 
be markedly up-regulated in the tubular and tubulointersti-
tial cells of patients with chronic renal injury17. However, the 
absence of TLR-2 using TLR2−/− mice does not affect the 
development of chronic renal injury and subsequent fibrosis 
in unilateral ureteral obstruction-injured kidneys17. Thus, 
TLR-2 may not be important in progressive renal fibrosis, 
however may contribute to the inflammation of renal tissues 
only at the early stages17. The ligands for TLR-2 in early 
stages require further investigation.

It is very interesting to note that TLR-4 significantly 
increased at the fibrosis progression stages on days 9 to 20, 
particularly with significant increases on days 9 and 15. A 
study using CDDP-treated TLR-4−/− mice revealed that the 
mutants had less renal damages (evaluated by histopatho-
logical findings, leukocyte infiltration and cytokine produc-
tion levels) than did the wild type mice9. It is reported that 
CDDP injection to mice had no effect on the expression of 
TLR-4 ligands such as HMGB1, Hsp60, and Hsp709. In-
creased expressions in HMGB1, Hspa1b, and S100a4 also 
were not confirmed in the present CDDP-injected rats (data 
not shown). However, TLR-4 expressions apparently cor-
responded to a significant increase in biglycan on days 9, 
15, and 20. Biglycan, a small leucine-rich proteoglycan, is a 
ubiquitous ECM component. Biglycan, which has been con-
sidered to be released from ECMs in damaged tissues, may 
boost inflammation by signaling through TLR-2 and TLR-
418. Despite no significant change, the TLR-2 gene showed 

Table 1. Microarray Analysis on Day 5 (the Commencement of Inflammation) after Cisplatin Injection
Gene name Description Foldchange vs. control
Lamc2 ref|Rattus norvegicus laminin, gamma 2 (Lamc2), mRNA [NM_001100640] 39.6 
Fgb ref|Rattus norvegicus fibrinogen beta chain (Fgb), mRNA [NM_020071] 24.7 
S100a8 ref|Rattus norvegicus S100 calcium binding protein A8 (S100a8), mRNA [NM_053822] 11.3 
S100a9 ref|Rattus norvegicus S100 calcium binding protein A9 (S100a9), mRNA [NM_053587] 9.1 
Fga ref|Rattus norvegicus fibrinogen alpha chain (Fga), transcript variant 1, mRNA [NM_001008724] 6.6 
Hspa1b ref|Rattus norvegicus heat shock 70kD protein 1B (mapped) (Hspa1b), mRNA [NM_212504] 2.9 
Hspa1a ref|Rattus norvegicus heat shock 70kD protein 1A (Hspa1a), mRNA [NM_031971] 2.2 
Fn1 ref|Rattus norvegicus fibronectin 1 (Fn1), mRNA [NM_019143] 2.1 
Hspb1 ref|Rattus norvegicus heat shock protein 1 (Hspb1), mRNA [NM_031970] 2.1 

Table 2. Microarray Analysis on Day 9 (the Commencement of Interstitial Fibrosis) after Cisplatin Injection
Gene name Description Foldchange vs. control
Fgb ref|Rattus norvegicus fibrinogen beta chain (Fgb), mRNA [NM_020071] 20.0
Lamc2 ref|Rattus norvegicus laminin, gamma 2 (Lamc2), mRNA [NM_001100640] 12.6
Fn1 ref|Rattus norvegicus fibronectin 1 (Fn1), mRNA [NM_019143] 4.1 
Bgn ref|Rattus norvegicus biglycan (Bgn), mRNA [NM_017087] 3.9  
Tlr2 ref|Rattus norvegicus toll-like receptor 2 (Tlr2), mRNA [NM_198769] 3.1 
Hspa1b ref|Rattus norvegicus heat shock 70kD protein 1B (mapped) (Hspa1b), mRNA [NM_212504] 2.3 
Hspa2 ref|Rattus norvegicus heat shock protein 2 (Hspa2), mRNA [NM_021863] 2.2 
Tlr4 ref|Rattus norvegicus toll-like receptor 4 (Tlr4), mRNA [NM_019178] 2.2
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more than 2.0-fold increase relative to that in control on 
days 9, 15, and 20, and the microarray on day 9 revealed 
that TLR-2 was 3.1-fold higher than in the control. In the 
present CDDP-induced rat renal fibrosis, mainly on days 9 
to 20, biglycan might function as an endogenous ligand, in 
correlation with increased TLR-4 levels at the late stages of 
interstitial fibrosis, although the relationship in the kinetics 
between TLRs and DAMPs listed in Tables 1 and 2 requires 
further investigation.

Based on results in our previous study1 and present 
study, the possible pathogenesis on the participation of M1/
M2-macrophages and DAMPs in CDDP-induced rat renal 
fibrosis is shown in Fig. 3. Renal lesions induced by a single 
injection of CDDP at 6 mg/kg BW consisted of damage such 
as necrosis and apoptosis in renal tubular epithelial cells on 
days 1 and 3, further damage and regeneration of the af-
fected tubules with inflammation mainly on days 5 and 7, 
and progressive interstitial fibrosis on days 9, 12, 15, and 20. 
Although the observation period was limited to 20 days, re-
nal interstitial fibrosis was considered to be progressed until 
the end of observation1. CD68+ M1 macrophages for inflam-
mation/injury began to be seen on day 5, accompanied by 
increased inflammatory cytokines (IFN-ɤ, TNF-α, and IL-
6). On day 9 onwards, CD163+ M2 macrophages showed a 
gradual increase with interstitial fibrosis, accompanied by 

Fig. 2. Messenger ribonucleic acid (mRNA) expressions of toll-like receptor (TLR)-2 (a) and TLR-4 (b), as well as biglycan (c) by real-time 
reverse transcription polymerase chain reaction (RT-PCR) method using renal lesion samples on days 0 (control), 1, 3, 5, 7, 9, 12, 15, and 
20 after cisplatin injection. Expression levels were normalized to β-actin RNA levels. Bar represents the mean ± standard deviation. *, 
significantly different from controls at p<0.05 by Dunnett’s test.

Fig. 3. A possible pathogenesis of cisplatin-induced rat renal fi-
brosis, based on M1/M2-macrophages1, and TLR-2/-4 and 
biglycan. IFN-ɤ: interferon-gamma; TNF-α: tumor necrosis 
factor-alpha; IL: interleukin; TGF-β1: transforming growth 
factor-β1; TLR: toll-like receptor.
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increased TGF-β1 expression and myofibroblast develop-
ment. Interestingly, 62.0–78.0% of CD68+ M1 macrophages 
co-expressed CD163, indicating that M1/M2 macrophages 
contribute to progressive renal fibrosis, presumably via a 
functional shift from M1 to M2. Increased TLR-2 on day 1 
might be related to renal tissue injury at the very early stage, 
whereas TLR-4 increased on days 9 and 15 could be associ-
ated with fibrosis progression at the late stages, in relation to 
increased biglycan as a DAMP.

Finally, because it is known that the administration of 
chemotherapeutic agent, cisplatin, leads to acute kidney in-
jury of which the process has a complex pathophysiological 
map19, the present data may provide useful information on 
the possible roles of DAMPs in the mechanism of CDDP-
induced renal lesions.
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