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Fig. 1
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Figure 1: Schematic illustration of the probable cascades of stimuli signaling that results into pathological cardiac hypertrophy. (a) During CCS, ACs are decoupled, and cAMP inhibition affects cardiac function and immunoregulation adversely. GRK5 upregulates and translocations into the nuclei as well as phosphorylate βAR and ERK1/2 to induce GPCRs-independent progression of stimuli signaling. (b) GRK5 induces excessive cardiomyocyte hypertrophy and necrosis and mediates proinflammatory response activation in the absence of cAMP-mediated immunoregulation. A synergy that results in hyperactive proinflammatory and exacerbates myocyte necrosis with aggravated collagen deposits. The adverse cardiac remodeling results in pathological cardiac hypertrophy.  


Fig. 2a
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[bookmark: _Hlk34658723]Figure 2: Necrotic cardiomyocytes and LPS elicits similar inflammatory responses during CCS. (a) Gene expressions of inflammatory markers (IL-1β, IL-6, TNFα, IFNγ, and NF-κB) assessed from the myocardial by qRT-PCR (n=6 hearts). **p<0.01, ***p<0.001 vs Vhl; $$p<0.01, $$$p<0.001 vs Ctrl. (b) Illustration and comparison of inflammatory cytokines secretion (IL-1β, IL-6, IL-10, and TNFα) between PCH mice (in vivo) and LPS-challenged PMɸ (in vitro) during CCS (n=8). **p<0.01, ***p<0.001, ****p<0.0001 among in vivo groups; ###p<0.001, ####p<0.0001 among in vitro groups. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.b
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[bookmark: _Hlk34661370]Figure 3: Combination of ALX and FSK subdued maladaptive immune responses from PMɸ challenged with LPS during CCS. (a-c) ELISA analysis of inflammatory cytokines secreted by LPS-challenged PMɸ demonstrates hyperactive proinflammatory being attenuated in vitro by the ALX and FSK combination therapy during CCS. (d) The combination therapy enhanced anti-inflammatory responses. The therapeutic groups are single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=8 hearts). *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 among the therapeutic groups; # p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001  LPS+PMɸ+ISO vs therapeutic groups; &&&&p<0.0001 vs LPS+PMɸ+ISO;  $$$p<0.001, $$$$p<0.0001 vs ALX single therapy; ££p<0.01, £££p<0.001 vs FSK single therapy. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.





Fig. 4[image: ]


Figure 4: ALX prevented translocation and nuclear activities of GRK5. Representative immunofluorescence of GRK5 localizations, nuclei (DAPI), and cytoplasmic membrane (CTxB). ALX inhibited GRK5 expression and translocation significantly in PMɸ, but FSK did with less significance (n=10-15 cells). Color channels were adjusted in the merged images to enhance the visualization of all the respective fluorescence dyes. ***p<0.001 among the therapeutic groups; # p<0.05, ###p<0.001, LPS+PMɸ+ISO vs therapeutic groups; &&&p<0.001 vs LPS+PMɸ+ISO
Fig. 5
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[bookmark: _Hlk40796261]Figure 5: Combination of ALX and FSK preserved proper cardiac function during CCS. (a) Heart rates were improved in all therapeutic groups (b & c) Clinically relevant cardiac function indexes; ejection fraction and fractional shortening were preserved by only the combination therapy. The Vhl mice group is representing the Ctrl mice group as well in results illustrations due to similarity in their data. The therapeutic groups are single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=3-4 hearts). **p<0.01, ***p<0.001 among the therapeutic groups; &&&&p<0.0001 vs ISO (PCH); # p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs the therapeutic groups. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.
















Fig. 6a
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Figure 6: Combination of ALX and FSK normalized the expression of essential cardiac and immune functional proteins and kinases during CCS. (a) Western blotting analysis of βARs, ACs, GRKs, ANP and BNP compared between Vhl and PCH mice, and with single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=4). *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 among the therapeutic groups; &p<0.05, &&p<0.01, &&&p<0.001, &&&&p<0.0001 vs ISO (PCH); # p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs the therapeutic groups. (b) Illustrates ELISA analysis of cAMP concentration compared between Vhl and PCH mice, and with single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=9 mice). ***p<0.001, ****p<0.0001 among the therapeutic groups; &&p<0.01 vs ISO (PCH); ###p<0.001, ####p<0.0001 vs the therapeutic groups. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.
























Fig. 7
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Figure 7: Combination of ALX and FSK normalized the expression of essential cardiac and immune TFs during CCS. Representative western blotting of ERK1/2, and cardiac and inflammatory TFs (GATA4, NFAT, MEF2, and NF-κB) protein expressions compared between Vhl and PCH mice, and with single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=4 hearts). **p<0.01, ***p<0.001, ****p<0.0001 among the therapeutic groups; &p<0.05, &&p<0.01, &&&p<0.001, &&&&p<0.0001 vs ISO (PCH);  # p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs the therapeutic groups. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.























Fig. 8
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Figure 8: Combination of ALX and FSK attenuated PCH and preserved normal cardiac morphology during CCS. (a) Representative whole heart of all experimental groups. (b) Longitudinal sectioning and Masson’s trichome staining to reveal the four chambers of the representative whole hearts and collagen deposits respectively across all groups. (c) Representative transverse section of ventricle and Masson’s trichrome staining to reveal right and left ventricle, and collagen deposits respectively across all groups. (d) Representative microscopic images of Masson’s trichrome staining of collagen deposits in the ventricular tissue sectionings of Ctrl, Vhl, PCH, ALX single therapy, FSK single therapy, and combination therapy of ALX and FSK groups (n=8-16 hearts). (e) Representative microscopic images of H&E staining to determine cardiomyocyte size in ventricular tissue sectionings across all groups (n=6-8). The Vhl mice group is representing the Ctrl mice group as well in results illustrations due to similarity in their data. ***p<0.001, ****p<0.0001 among the therapeutic groups; &&&&p<0.0001 vs ISO (PCH); # p<0.05, ####p<0.0001 vs the therapeutic groups. CVF was estimated by dividing the collagen area with the total myocardial area and multiple by 100. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.


















Fig. 9
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Figure 9: Combination of ALX and FSK subdued the induction of maladaptive inflammatory responses in vivo during CCS. (a) Representative CD68 IHC staining illustrates minimal immune cell infiltration into the myocardium of the combination therapy group. The Vhl mice group is representing the Ctrl mice group as well in results illustrations due to similarity in their data (n=6-7 hearts).  (b-d) ELISA analysis of inflammatory cytokines secretion during CCS in mice demonstrates hyperactive proinflammatory being attenuated in vivo by the ALX and FSK combination therapy. (e) The combination therapy also enhanced anti-inflammatory responses in vivo. The therapeutic groups are single therapy of ALX, single therapy of FSK, and combination therapy of ALX and FSK (n=7-8 mice). *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 among the therapeutic groups; &&&&p<0.0001 vs ISO (PCH); # p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs the therapeutic groups. Data are expressed as mean ± SEM. Data were analyzed using ANOVA, followed by Tukey’s post hoc analysis.
























Fig. 10
[image: ]
Figure 10: Schematic illustration of the probable mechanism of action of the combination therapy. (a) The administration of ALX during CCS prevents excessive cardiomyocyte hypertrophy and necrosis by inhibiting GRK5 expression, translocation to nuclei, and induction of GPCRs-independent progression of stimuli signals. (b) FSK directly activated AC to synthesize cAMP, which facilitated proper cardiac function and modulated adaptive inflammatory responses during CCS. By the combined efforts of these two independent pathways regulated by ALX and FSK, PCH was attenuated by modulating adaptive inflammatory responses while maintaining proper cardiac morphology and function during CCS.
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