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Reversibility is an important factor in terms of safety assessment of pharmaceuticals. Kidney
is a major target organ for drug—induced toxicity due to its physiological roles, and there are
a wide variety of drugs displaying nephrotoxicity, such as anticancer drugs and antibiotics.
Nephrotoxicants mainly cause renal tubular damage, resulting in acute kidney injury (AKI). Because
renal tubular cells have intrinsic capacity for regeneration, AKI have been considered to be
reversible condition. However, emerging evidences indicated that maladaptive repair of renal
tubules after AKI leads to irreversible fibrosis, resulting in chronic kidney disease (CKD).
Therefore, regulations based on the premise that drug—induced AKI is not necessarily reversible
condition could be required in terms of safety assessment of pharmaceuticals and post—-marketing
safety measures

Based on the fact that maladaptive repair of renal tubules occurs prior to fibrosis, we
hypothesized that factors especially expressing in renal tubules during maladaptive repair could
be a predictive factor for AKI to CKD. In the current study, we analyzed the gene expression
profiles of renal tubules during maladaptive repair using microarray to identify the factors
capable of predicting reversibility of drug—induced AKI.

In 2019, we investigated the optimal dosage of cisplatin to establish AKI to CKD model rats.
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Six-week—-old male SD rats were intraperitoneally injected cisplatin at a dose of 0 (saline), 1,
2, 3, and 6 mg/kg. Rats were necropsied at 5 and 28 days after cisplatin injection.

At day 5, typical lesions of kidneys of rats treated with cisplatin, renal tubular necrosis and
karyomegaly, were observed in all cisplatin—treated groups. At day 28, Sirius red staining
revealed that increase of collagen fibers in interstitium were observed slightly and markedly in
3 and 6 mg/kg group, respectively. In 6 mg/kg group, renal tubules in fibrotic area were dilated
or atrophied. Based on these results, we determined the doses of cisplatin as 2 and 6 mg/kg to
develop the adaptive and maladaptive repair models, respectively.

In 2020, we investigated the factors especially expressed in renal tubules during maladaptive
repair using comprehensive gene expression analysis. Dilated/atrophic tubules in fibrotic area
of kidneys of rats treated with 6 mg/kg of cisplatin were collected followed by total RNA
extraction. After amplification of the total RNA, microarray analysis was performed. Among the
upregulated genes, we focused on CD44, a cancer stem cell marker. qPCR analysis showed an
approximately 250-folds increase in (D44 expression in the dilated/atrophic tubules.
Immunohistochemistry revealed clear expression of CD44 in dilated/atrophic tubules. Pathway
analysis using Ingenuity Pathway Analysis suggested that CD44 is upstream factor of fibrosis-—
related genes. Among the downstream factors of CD44, we focused Fnl, encoding extracellular matrix
fibronectin. in situ hybridization showed expression of Fnl in cytoplasm of dilated/atrophic
tubules, while immunohistochemistry revealed that fibronectin was mainly located around
dilated/atrophic tubules. These results suggested CD44 contribute development of fibrosis by
induce production of extracellular matrix in renal tubules during maladaptive repair.

In 2021, we investigated the kinetics of CD44 expression in AKI to CKD model rats. Six—week-old
male SD rats were intraperitoneally injected 0 (saline), 2, and 6 mg/kg of cisplatin, and
sacrificed at 1, 3, 5, 7, 10, 14, and 28 days after injection. From day 1 to 5, there were
degeneration/necrosis of renal tubules in 2 and 6 mg/kg groups. In 2 mg/kg group, kidneys were
repaired from day 5 to 28. In 6 mg/kg group, dilated tubules were detected after day 5, and there
was fibrosis with dilated/atrophic tubules after day 10. CD44 was expressed in dilated/atrophic
tubules in 6 mg/kg group. Serum CD44 level was significantly increased in 6 mg/kg group at day
5, 7, and 28. Expression of Fnl was detected in cytoplasm of dilated/atrophic tubules, while
fibronectin protein was mainly located around dilated/atrophic tubules from day 5. These results
suggested that CD44 contributes development of CKD from an early stage.

In the current study, CD44 was expressed in the kidney and serum prior to fibrosis, indicating
the potential of CD44 as a biomarker capable of predicting AKI to CKD. In the future, to
demonstrate the usefulness of CD44 as a biomarker to predict AKI to CKD, we will analyze the
expression of CD44 in kidney, serum, and urine in the AKI to CKD model rats induced by other

nephrotoxicants and human CKD cases.



