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Abstract

Abstract

Background:

Clinicdly, acutekidney injury (AKI) isconsidered a catastrophic condition with incidences
alied with high morbidity and mortality. One of the major risk factors for AKI is diabetes
mellitus (DM). A lot of research has been carrying out to understand the complex
pathogenesis of AKI, but only supportive therapies are available. Growing evidence has
demonstrated the vital role of epigenetic regulation in gene expression under the
pathogenesis of AKI. SET domain with lysine methyltransferase 7/9 (SET7/9), a histone
lysine methyltransferase (HMT), recently suggested exerting a critical role in diabetes-
associated kidney disorders. Whereas, the role of SET7/9 in the progression of ischemic
renal injury (IRIl) remains completely elusive. Hence, the primary objective of the present
work was to delineate the role of SET7/9 and histone methylation in the regulation of
inflammatory signaling under IRl in DM and non-diabetic (ND) conditions.

In addition, existing reports highlighting the role of the renin-angiotensin system (RAS) in
AKI and DM. Adverse renal outcomesin DM and AKI individualy are attributed mainly
to the renin-angiotensin system (RAS) driven activation of mitogen-active protein kinase
(MAPK)-mediated apoptosis, nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB) mediated inflammation, and redox imbalance promoting oxidative stress.
Theclinical relevance proposed that al the organs havetheir ownlocal RASwhich remains
compartmentalized from the circulation. Following asimilar approach, recent reports have
demonstrated the activation of local RAS in distant organs i.e. brain, heart and liver.
Besides, IRI predisposes distant organ dysfunction including, neurological, cardiac and
hepatic dysfunctions, in which the RAS serves as the major contributor. However, in
hospital settings, treatment with pressor arm modulators i.e. angiotensin-converting
enzyme inhibitor (ACEi) and angiotensin |1 type 2 receptor blockers (ARBs) claimed to
worsens the patient’s condition via deteriorating glomerular filtration rate. Away from the
conventional approach, in quest of a novel therapy against IRI and its associated distant
organ dysfunction, in our research work, we targeted depressor arm of RAS using
Angiotensin |1 type 2 receptor (AT2R) agonist i.e. compound 21 (C21) and Angiotensin-
converting enzyme 2 (ACE2) activator i.e. Diminazene aceturate (Dize) alone or

combination therapy.
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M ethodology:

Streptozotocin (55 mg/kg, i.p.) was injected in male Wistar rats to develop a non-genetic
DM model, to mimic the early phase of diabetesi.e. hyperglycemic stage. To develop AKI,
unilateral/bilateral IRl was performed followed by 48 h and 24 h of reperfusionin DM and
ND rats. In the pharmacological intervention study, after completion of two weeks of
diabetes induction, the ND and DM rats were administered with different treatments such
as i) study 1: cyproheptadine at a low dose (10 mg/kg/day, i.p.) and high dose (20
mg/kg/day, i.p.) administered 30 min prior to ulRI and after 24 h of reperfusion, ii) study
2: AT2R agonist, C21 (0.3 mg/kg/day, i.p.) or ACE2 activator, Dize, (5 mg/kg/day, p.o.)
either alone or as combination therapy is given 2 days prior to IRI and continued to 48 h
of reperfusion, and study iii) C21 (0.3 mg/kg/day, i.p.) or Dize (5 mg/kg/day, p.o.) either
alone or in combination therapy administered two days prior to IRI and continued to next
day (24 h of reperfusion time). The effect of these agents on the progression of AKI and
its associated distant organ dysfunction was evaluated by various biochemical,
hemodynamic and behavioral parameters. The microscopic alterations in kidney, heart,
brain and liver architecture were assessed by hematoxylin and eosin (H and E) staining. To
study the molecular mechanisms, proximal tubules were isolated from the kidney tissues.
Alterationsin several RAS components were evaluated by commercially available ELISA
kits and immunohistochemistry. Also, the effects of the abovementioned treatments on
expressions of mMRNA and proteins involved in pathologica signaling pathways like
oxidative stress, inflammation and apoptosis were studied by quantitative RT-PCR,
immunoblotting and immunohistochemistry. For studying epigenetic mechanisms, we
extracted histonesfrom isolated proximal tubules and assessed the histone posttrand ational
modifications (PTMs) by immunoblotting and quantitative RT-PCR. Additionally, the
expresson of enzymes involved in orchestrating histone H3 lysine 4 (H3K4)
methyltransferase SET7/9 was a so studied.

Results:

The IRl animal model development was confirmed the elevated blood urea nitrogen
(BUN), Plasma Creatinine (PCr), and urinary Kim-1 levels in ND and DM rats. In the
epigenetic study, primarily we observed the NF-xB mediated inflammatory cascade like
increased p-NF-«B, reduced IxBa levels followed by enhanced leukocyte infiltration which
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was shown by increased monocyte chemoattractant protein-1 (MCP-1) expressions.
Further, IRI resulted in increased histone H3 methylation at lysine 4 and 36 (H3K4Me2,
H3K36Me2), and decreased histone H3 methylation at lysine 9. Additionally, IRI increased
the mRNA and protein expression of H3K4Me2 specific histone methyltransferase-SET7/9
in DM and ND rats. The above-mentioned results remain prominent in DM rats compared
to ND ras followed by IRI. Further, treatment with a novel SET7/9 inhibitor;
cyproheptadine, exerted reno-protective role by significantly improving renal function as
shown by reduced BUN level, inflammation viainhibiting SET7/9 expressions in ND and
DM rats.

After ulRI, ND and DM rats displayed an increase in plasma ACE, AT1R, AT2R, Ang I,
and reduction in ACE2, Ang (1-7) expressions, with augmented renal inflammation and
apoptosis. These changes were more prominent in diabetic ratswith IRI. Co-administration
of C21 and Dize augmented ACE2, Ang (1-7), AT2R and MasR expressions, and
effectively attenuated tubular injury in both DM and ND rats which were evidenced by
suppressed protein and mRNA expressions of p-NF-xB, MCP-1, interleukin-6 (11-6) and
tumor necrosis factor-o (Tnf-a).

In IRI-induced neurological impairment, we found that IRl drasticaly reduced the
locomotor activity of DM-IRI rats compared to ND-IRI rats. IRl causes increased
hippocampal MDA and nitrite levels, augmented inflammatory cytokines (granulocyte-
colony stimulating factor, glia fibrillary acidic protein), altered protein levels of Ang Il,
Ang (1-7) and mRNA expressions of Atlr, At2r and Masr in ND and DM rats. In the
pharmacological intervention study, treatment with C21 and Dize effectively normalized
the aforementioned pathological aterations. Moreover, the protective effect of C21 and
Dize combination therapy was better than respective monotherapies, and more likely,
exerted via augmentation of protein and mMRNA levels of depressor arm components.
Further, in IRI-associated cardio-hepatic dysfunction, IRI caused cardio-hepatic injuries
via dtered oxidant/anti-oxidant levels, elevated inflammatory events, disturbed
morphological architecture and altered protein expressions of ACE, ACE2, Ang |1, Ang
(1-7) and urinary AGT. However, concomitant therapy of AT2R agonist (C21) and ACE2
activator (Dize) exerted protective effect in IRI-associated cardio-hepatic dysfunction as
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evidenced by inhibited oxidative stress, downregulated inflammation, and enhanced
cardio-hepatic depressor arm of RAS under ND and DM conditions.

Conclusion: Our results clearly indicated the critical role of SET7/9 in mediating active
transcription via H3K4Me2, ultimately regulated the NFxB-mediated inflammatory
cascade. Moreover, cyproheptadine reverts the SET7/9 expressions promoted by IRI.
Therefore, cyproheptadine appears to be a potential therapeutic option to treat IRI which
combats rena dysfunction and inflammation and further research needs to be done to
propd the molecule, cyproheptadine to further stages of drug development. Additionally,
the current studies suggested that targeting the depressor arm of RAS via C21/Dize
combination therapy, provides a novel therapeutic approach to combat IRl and its
associated distant organ dysfunction under DM and ND conditions.
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