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      Background

      
				Oxidative stress may play a role in the
				pathogenesis of (CKD), Nuclear factor erythroid 2-related
				factor 2 (Nrf2) is a transcription factor involved in cell
				defense mechanism against oxidative stress. In this study, we
				examined the effect of quercetin, a polyphenplic antioxidant
				anti fibrosis compund in fruits and vegetables, on the 5/6
				nephrectomy-induced CKD progression model rats through
				modulation of Nrf2 expression.			


       


      Methods

      
				Male Sprague-Dawley rats were randomly divided
				into normal control group (C), untreated 5/6 nephrectomy
				(Nx), quercetin-treated 5/6 nephrectomy (100 mg/kgBW/
				day orally) (NxQ), and captopril-treated 5/6 nephrectomy
				(10 mg/kgBW/day orally) (NxK) for 8 weeks. At the end of
				study, all animals were sacrified. Urine, blood, and kidney
				tissues were taken for examination of proteinuria, plasma
				creatinine, urea, malondialdehyde (MDA), glutathione
				peroxidase (GPx) activity, Nrf2, Keap1, heme oxygenase-1
				(HO-1) expressions, and renal fibrosis.			


       


      Results

      
				Quercetin administration did not affect the level
				of protein in urine, plasma creatinine, and urea. However,
				it tended to reduce the level of MDA, increase GPx activity,
				Nrf2, Keap1, and HO-1 expression as well as the degree of
				fibrosis.			


       


      Conclusion

      
				In 5/6 nephrectomized rats, quercetin
				tended to ameliorate the level of MDA, GPx activity, Nrf2,
				Keap1, and HO-1 expression. In addition, quercetin tended
				to decrease the degree of fibrosis in the remnant kidney.			
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				Chronic kidney disease (CKD) is a serious public
				health problem characterized by a progressive
				and irreversible kidney damage resulting in a
				relentless decrease of renal function.1,–3 According
				to data from the Health Research Association
				in 2013, Indonesia has a 0.2% increase of CKD
				prevalence.4 It has been shown that oxidative stress
				and inflammation play an important role in the
				pathogenesis of CKD by a variety of mechanisms
				including the activation of nuclear factor-kappa
				B and the production of reactive oxygen species
				(ROS), reactive nitrogen species, halogen by
				a leukocytes, and resident cells.5 In addition
				to oxidative stress and inflammatory process,
				recent study showed that next to the changes in
				the expression of coagulation factors and plasma
				kallikrein, protein related to blood coagulation
				and platelet activation were also played important
				roles in the progression of CKD.6			


			
				Inhibition of progression of CKD is important.
				Several animal studies used active compounds
				that acted as antioxidants, anti-inflammatory, or
				antifibrosis to inhibit the progression of CKD. It
				improved the structure and the function of kidney
				through the reduction of oxidative stress and
				inflammation. We have showed that curcumin,
				a powerful antioxidant, can attenuate oxidative
				stress, inflammatory response, and renal fibrosis
				in rats with 5/6 nephrectomy via activation
				of nuclear factor eryhtroid 2-related factor 2
				(Nrf2).7 Nrf2, which binded to its inhibitor Kelchlike
				ECH-associated protein 1 (Keap1), was a
				transcription factor responsible for the induction
				of cytoprotective and antioxidant enzymes such
				as heme-oxygenase-1 (HO-1) and glutathione
				peroxidase (GPx).8 Therefore, compounds that
				act as antioxidants or induce Nrf2 may have a
				potential to be used as a therapy in CKD.			


			
				Quercetin is a polyphenolic compound
				found in common vegetables and fruits.9,10
				It has many benefits for health such as an
				antioxidant, antifibrotic, anticancer11,12 and
				anti-inflamamation.13 In vitro study suggests
				that quercetin could be used againts oxidative
				stress caused by dimethoate in human blood
				lymphocyte.14 Quercetin increased the level of
				Nrf2 and stimulated gene expression of NADPH
				Quinones Oxireductase mediated by Nrf2-ARE in
				human hepatoma HepG2 cells.15 Moreover, in vivo
				study suggests that quercetin ameliorated kidney
				injury in diabetic nephropathy.16			


			
				We hypothesized that quercetin might ameliorate
				the progression of CKD through inhibition of
				oxidative stress and fibrosis. To elucidate this
				issue, weanalyzed the effects of quercetin on the
				progression of CKD using 5/6 nephrctomy model
				through Nrf2 pathway, a transcription factor
				responsible for cellular defense and survival
				pathway against oxidative stress.			


			 

      
        METHODS

      



			 

			
				Animals
			

			
				Male Sprague Dawley rats (150–300 g) were
				obtained from the National Agency of Drug and
				Food, Republic of Indonesia. Animals were housed
				in constant temperature room, maintained in
				12:12 light–dark cycle, and allowed free access
				to food and water. The experimental protocols
				were approved by the Health Research Ethics
				Committee, Faculty of Medicine, University of
				Indonesia (No. 190/H2.F1/ETIK/2014).			


			 

			
				Experimental Protocol			

			
				Animals were randomly divided into four groups
				(n=6 each), namely the normal control (C) group
				which underwent sham operation, untreated
				5/6 nephrectomy (Nx) group, quercetin-treated
				5/6 nephrectomy (NxQ) group, and captopriltreated
				5/6 nephrectomy (NxK) group. Untreated
				5/6 nephrectomy (Nx) group underwent 5/6
				nephrectomy by surgical resection in the ventral
				abdomen to expose the left kidney, place a piece
				of suture in the upper and lower thirds of the left
				kidney, and ligate around each pole of the kidney
				at its one-third position. The one-third kidney
				on each pole was excised beyond the ligatures.
				This procedure was followed by a whole right
				kidney ablation seven days later. Furthermore,
				quercetin-treated 5/6 nephrectomy (NxQ) group
				underwent 5/6 nephrectomy, and one week after
				the second surgery, they received 100 mg/kg oral
				quercetin daily for eight weeks. Captopril-treated
				5/6 nephrectomy (NxK) group underwent 5/6
				nephrectomy, and one week after the second
				surgery, they received 10 mg/kg oral captopril
				daily for eight weeks.			


			
				Quercetin and captopril were dissolved in 0.5%
				carboxymethyl cellulose. The surgical procedures
				were carried out under general anesthesia
				(Ketalar 50 mg/kg i.p.) using an aseptic technique
				and given ampicillin 25 mg/kg for three days for
				infection prophylaxis. During the study, the body
				weight was measured every week. Twenty fourhour
				urine samples collected in metabolic cages
				at baseline (t0), before oral therapy (t1), four
				week after oral therapy (t2), and 12 week after
				oral therapy (t3). At the end of study, the animals
				were decapitated. Blood samples and kidney
				tissues were collected for further analysis. We
				used 5/6 nephrectomy model as it mimicked
				the progressive chronic kidney disease after loss
				of renal mass in human. It was shown that the
				imbalance in redox status was evident at an early
				stage of CKD and became more profound with
				the progression of kidney diseases. Therefore, we
				used quercetin as a potent antioxidant to halt the
				progression of CKD in animal model.						



			 

			
				Blood and urine chemistries
			

			
				Blood samples from decapitation were collected
				in heparin tubes and centrifuged at 3000 rpm (10
				min, 4°C) for separation of plasma. The collected
				plasma was utilized for determination of
				creatinine and urea. Plasma creatinine level was
				determined by Jaffe method whereas urea level by
				urease and glutamate dehydrogenase enzymatic
				reaction method. The collected 24-hour urine
				was centrifuged at 3000 g (10 min, 23°C). Volume
				and protein content was measured, and protein in
				urine was determined by Bradford method.			


			 

			
				Measurement of malondialdehyde (MDA)
level
			

			
				Kidney tissues (100 mg) were rinsed and
				homogenized in 1 mL of 0.1 M phosphate
				buffer saline (pH 7.4). After centrifugation at
				3000 rpm (10 min, 4°C), the supernatants were
				collected and analyzed by TBA colorimetric
				method. In addition, the level of MDA was
				measured spectrophotometrically on UV-VIS
				spectrophotometer at 535 nm.			


			 

			
				Measurement of GPx activity
			

			
				Kidney tissues (100 mg) were homogenized in
				1 mL of 0.1 M phosphate buffer saline (pH 7.4)
				and added 0.1% protein inhibitor cocktail. After
				centrifugation at 3000 rpm (10 min, 4°C), the
				supernatants were collected and analyzed. GPx
				activity was measured using spectrophotometer
				according to assay kit instructions (Randox).
				The oxidation of reduced nicotinamide adenine
				dinucleotide phosphate (NADPH) to nicotinamide
				adenine dinucleotide phosphate was measured
				by the decrease in absorbance at 340 nm.			


			 

			
				Immunohistochemistry of Nrf2
			

			
				Formalin-fixed, paraffin-embedded kidney tissue
				sections were used for immunohistochemistry
				staining. After deparafinization and
				hydration, the slides were washed in PBST.
				Immunohistochemistry staining was performed
				using NovolinkTM Polymer Detection System
				with the primary antibody (Nrf2) purchased
				from Santa Cruz (diluted 1:50). The procedures
				of staining were based on assay kit instruction.
				Microphotography analysis was determined
				using microscope photo-optilab (Optilab®
				Image Raster v.2.1). The number of positive cells
				(stained brown in nucleus) was counted on five
				large fields randomly at x400 magnification.			


			 

			
			Histopathological analysis
			

			
				Light microscopy was performed in formalinfixed
				sections (4 μm) with Masson’s Trichrome
				staining as indicator of fibrosis. Fibrosis was
				graded by two independent pathologists. To
				analyze renal fibrosis, we used analysis criteria
				by Chen et al12 and Gibson-Corley et al.17 The
				accumulation of collagen in the interstitial renal
				cortex was up to 5%, and the renal capsule was
				not thick. The slightly collagen accumulation
				(6–25%) accompanied by a thickening of the
				renal capsule, moderate accumulation of collagen
				(26–50%) accompanied by a thickening of the
				renal capsule, and severe collagen accumulation
				(>50%) accompanied by a thickening of the kidney
				capsule (sometimes with glomerulosclerosis)
				were graded as 0, 1, 2 and 3 respectively.			


			 

			
				RNA extraction
			

			
				Total RNA was extracted after kidney
				homogenization using Ultra TurraxT8 in
				TriPure isolation reagent (Roche Life Sciences)
				according to the standard protocol. cDNA was
				synthesized by using total RNA (2 mg) as a
				template and was synthesized according to
				Transcriptor first strand cDNA synthesis kit
				(Roche Life Sciences).						


			 

			
			Gene expression analysis by real-time RT-PCR
			

			
				Gene expression analysis was performed by realtime
				reverse transcription polymerase chain
				reaction (RT-PCR) using cDNA synthesized from
				the kidney specimen. Primer sequences were as
				follows: Relative quantification of real-time RTPCR
				results were analyzed using Livak method.17			
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							Primer sequences
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				Statistical analysis			

			
				All analysis of the experiments were performed in
				duplicate. Data were expressed as mean ± SD and
				were analyzed statistically using one-way ANOVA
				followed by post-hoc (LSD) test. The results were
				considered statistically significant at p<0.05. If
				the data were not normal distribution and not
				homogenous, data were expressed as median,
				minimal and maximal value and were analyzed
				statistically by Kruskal-Wallis followed by Mann-
				Whitney test. The results were considered
				statistically significant at p<0.05.			




       

      
        RESULTS

      


			 

			
				Effect of quercetin and captopril on body
weight
			

			
				The survival rate after 5/6 nephrectomy surgery
				was 57%. After 5/6 nephrectomy, the body weight
				of all rats tended to decrease. The Nx group had
				more decreased of body weight compared to
				the other groups throughout the study period
				although it was not statistically significant
				compared to the other groups.						
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							Figure 1.
						
						
							A) Changes in body weight during the study. Neprectomized rats exhibited a reduced of body weight as compared to the
							other groups. C: normal control; Nx: untreated 5/6 nephrectomized rats; NxQ: nephrectomized rats + quercetin treatment; NxK:
							nephrectomized rats + captopril treatment; B) Proteinuria was elevated in the 5/6 nephrectomized rats in comparison with the
							normal control group. At the end of study (week-12), proteinuria significantly increased in Nx, NxQ, and NxK as compared to C
							(p<0.05). However, proteinuria in the NxQ group still increased as compared to that of the Nx group						
					

				

				 

				

			 

			
				Effect of quercetin and captopril on protein in
				urine, plasma creatinine, and plasma urea			

			
				At the end of the study, the Nx group exhibited
				increased protein in urine, plasma creatinine, and
				urea as compared to that of the C group. As shown
				in Figure 2, the Nx group and the NxQ group
				showed increased protein in urine throughout
				the study period as compared to the C group
				while captopril treatment decreased the protein
				in urine significantly compared to the Nx group
				and the NxQ group.			
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							Figure 2.
						
						
							MDA level (A) and the activity of GPx (B) in kidney tissues of the Nx group increased as compared to that of the other
							groups, though not significantly different (p>0.05). C: normal control; Nx: untreated 5/6 nephrectomized rats; NxQ: nephrectomized
							rats + quercetin treatment; NxK: nephrectomized rats + captopril treatment; B) in kidney tissues were not different among
							groups based on ANOVA analysis (p>0.05). C: normal control; Nx: untreated 5/6 nephrectomized rats; NxQ: nephrectomized rats
							+ quercetin treatment; NxK: nephrectomized rats + captopril treatment						
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							Figure 3.
						
						
							A) Immunohistochemistry staining of Nrf2 in the remnant kidney rats in the Nx group exhibited decreased of Nrf2
							positive cells in the nucleus of glomerulus. C: normal control; Nx: untreated 5/6 nephrectomized rats; NxQ: nephrectomized rats
							+ quercetin treatment; NxK: nephrectomized rats + captopril treatment; B) Quantitatively analysis of Nrf2 of immunohistochemistry
							staining showed that Nrf2 positive cells in the Nx group decreased as compared to the other groups, though not significantly
							different (p>0.05). C: normal control; Nx: untreated 5/6 nephrectomized rats; NxQ: nephrectomized rats + quercetin treatment;
							NxK: nephrectomized rats + captopril treatment						
					

				

				 

				

			 

			
				Effect of quercetin and captopril on MDA level
				and GPx activity			

			
				Chronic kidney disease has been reported to be
				related with increased ROS generation and oxidative
				stress. Kidney lipid peroxidation was determined
				by MDA analysis. Increased level of MDA and GPx
				activity in the kidney tissues were found in the Nx
				group compared with the C group. Treatment with
				quercetin and captopril decreased the MDA levels.
				Quercetin treatment also slightly increased the
				GPx activity although it did not reach a statistically
				significant compared to that of the Nx group.			


			 

			
				Effect of quercetin and captopril on renal
				expression of Nrf2, Keap1, and HO1			

			
				Renal Nrf2 protein expression assessed by
				immunohistochemistry staining was decreased
				in the Nx group compared with those in the C
				group. On the other hand, quercetin and captopril
				treatment ameliorated these decreases in the
				Nx group although it did not reach a statistically
				significant result. In line with protein analysis,
				renal Nrf2 mRNA expression assessed by RT-PCR
				was also lower in the Nx group compared with
				those in the C group. Quercetin and captopril
				treatment increased the Nrf2 protein and mRNA
				expression in the kidney tissues. We found
				that mRNA expression of Keap1 and HO1 were
				decreased in the Nx group compared with the C
				group. Treatment with quercetin and captopril
				increased the mRNA expression of Keap1 and HO1
				as well even though it did not show a statistically
				significant.									
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							Figure 4.
						
						
							A) mRNA expression of Nrf2 in the Nx group
							decreased as compared to that of other groups based on
							Kruskal-Wallis analysis (p=0.039). C= normal control; Nx=
							untreated 5/6 nephrectomized rats; NxQ= nephrectomized
							rats + quercetin treatment; NxK= nephrectomized rats +
							captopril treatment; B) mRNA expression of Keap1 in the Nx
							group decreased as compared to that of other groups based
							on Kruskal-Wallis analysis (p=0.011); C) mRNA expression
							of HO-1 in the Nx group decreased though not significantly
							different as compared to that of other groups based on Kruskal-
							Wallis analysis (p=0.413)						
					

				

				 

				

			 

			
				Effect of quercetin and captopril on
				histopathology findings			

			
				Histological examination of the kidney of the
				Nx group had marked histological changes such
				as sclerosis as shown in the glomerulus (Figure
				5A). Figure 5B showed representative Masson’s
				trichrome staining of glomeruli and tubuli of all
				groups and the degree of the renal fibrosis. The
				kidney of the Nx group showed marked interstitial
				fibrosis. Quercetin and captopril treatment
				improved slightly the histological changes in the
				kidney of the Nx group.						
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							Figure 5.
						
						
							Hematoxyllin-eosin (H-E) staining of the remnant
							kidney of the Nx group showed glomerulosclerosis as compared
							to that of the other groups. Masson’s trichrome (MT)
							staining showed kidney structures in different groups. Fibrosis
							is indicated by the blue area (magnification x100) in
							interstitial cortex						
					

				

				 

				

			 

      
        DISCUSSION

      


			 

			
				Chronic kidney disease (CKD) is a progressive
				disease characterized by a loss of nephron. This
				condition is associated with a compensatory
				glomerular hyperfiltration, which increased
				intraglomerular and triggeredglomerular
				permeability barrier damage. This leads to
				protein leakage across glomerular capillaries into
				Bowman’s space. Protein loss will be reabsorbed by
				tubules, injured the interstitium tubules cells and
				finally induced inflammation. This was associated
				with the upregulation of oxidative stress.2,19			


			
				Our study demonstrated that 5/6 nephrectomy,
				a CKD model, in rats led to proteinuria and
				increased plasma levels of creatinine and urea. In
				the present study, we also observed that there was
				a structural damage of the remnant kidney. This
				impairment was associated with the increased
				of oxidative stress as shown by upregulation of
				MDA levels and slightly reduced GPx activity.
				Furthermore, it was associated with the decreased
				expression of Nrf2 and the decreased expression
				of Keap1 and HO1 which resulted in an increased
				of fibrotic tissues in the remnant kidney. To assess
				whether quercetin might have a beneficial role in
				CKD model, we compared it with captopril. We
				demonstrated that quercetin could not ameliorate
				the proteinuria as compared to that of captopril
				treatment. Quercetin and captopril treatment
				also could not decrease the plasma creatinine
				and urea in nephrectomized rats. However, both
				treatments were able to ameliorate the 5/6
				nephrectomy-induced oxidative stress as shown
				by the decreased of MDA levels, the increased of
				GPx activity, and the increased of Nrf2, Keap1 and
				HO1 expression.			


			
				It has been shown that captopril could reduce
				proteinuria more effectively than other
				antihypertensive. In this study, we also showed
				that administration of captopril as a comparator
				to that of quercetin, could reduce proteinuria.
				Unfortunately, the administration of quercetin
				was unable to reduce it. In fact, our finding was
				in agreement with the previous study by Rangan
				et al20 which showed that quercetin could not
				reduce protein urine excretion.			


			
				Levels of plasma urea and plasma creatinine were
				used for estimation of renal function. In this eight
				weeks study after 5/6 nephrectomy, we found
				that plasma creatinine was increased in the Nx
				group significantly compared to the C group. Both
				quercetin and captopril treatments tended to
				increase plasma creatinine instead of decreased
				plasma creatinine. This result was similar to the
				study by Amann et al21 which suggested that
				5/6 nephrectomy only slightly increased plasma
				creatinine. Kim and Vaziri demonstrated that the
				longer the CKD occured, the worse the increase of
				serum creatinine.22 Ahmed et al23 demonstrated
				that the administration of angiotensin converting
				enzyme inhibitor (ACEI) in the early phase of CKD
				increased serum creatinine mildly to moderately
				in patients with deterioration of renal function due
				to the loss of renal mass which lead to perturbation
				in the autoregulatory mechanism of the remaining
				renal vasculature. Subsequently, renal function
				would either improve or resolve with long-term
				blood pressure control, reflecting restoration of
				renal autoregulation towards normal function.
				ACEI-induced efferent vasodilation also decreased
				intraglomerular pressure, thereby increased
				plasma creatinine level24 which might confirm
				that our 5/6 nephrectomy model was in the early
				phase of disease. Previous study also showed
				that ACEI was unable to overcome the uremia.21
				Urea is the end product of protein catabolism
				and digestion. Uremic solutes may have certain
				characteristics such as large size, large volume of
				distribution, highly protein bound, able to form
				crystal deposits, and finally increase production
				in the uremic state.25 Consistent with the previous
				study, we demonstrated that both quercetin and
				captopril treatments were unable to decrease
				plasma urea.			


			
				Chronic conditions of kidney disease will increase
				reactive oxygen species (ROS) formation in cells.
				The increase of ROS formation will be balanced
				by the increase of endogenous antioxidant. Thus,
				oxidative stress, means imbalance between
				the prooxidant and antioxidant levels in favor
				of prooxidant, will not occur. However, longterm
				increase of ROS formation will impair the
				antioxidant activity against oxidative stress. In this
				study, we found that 5/6 nephrectomy increased
				the malondialdehyde (MDA) levels, products of
				lipid peroxidation, and the glutathione peroxidase
				(GPx) activity, an endogenous compound,
				compared to that of normal group. It suggested
				that the remnant kidney cells still have the ability
				to protect against the increased of ROS formation.
				We also found that quercetin treatment tended to
				reduce the MDA levels and increase the GPx activity
				compared to the captopril treatment. In fact, our
				findings were consistent with the previous study
				by Shindu et al26 who demonstrated that there
				were no significant changes of GPx activity in
				renal insufficiency.						


			
				It has been shown that the nuclear factor
				erythroid 2-related factor 2 (Nrf2)-antioxidant
				response element antioxidant pathway has a
				crucial role in the ability of renal cells to cope
				with CKD-induced oxidative stress.22 Under
				unstimulated conditions, Nrf2 is sequestered in
				the cytoplasma bound to its repressor molecule,
				Kelch-like ECH-associated protein 1 (Keap1).
				When exposed to oxidative stress derived from
				accumulation of ROS, Nrf2 is rapidly dissociated
				and translocated into the nucleus, inducing gene
				encoding antioxidant enzymes. In this study,
				despite oxidative stress which should lead to
				Nrf2 activation, 5/6 nephrectomy-induced CKD
				showed reduction of Nrf2 nuclear expression
				as shown in immunohistochemistry staining.
				This result confirmed that in 5/6 nephrectomyinduced
				CKD, some process may halt the
				translocation of Nrf2 into nucleus. Similar results
				were found by our group7 and Kim and Vaziri.22
				We also have demonstrated that there was an
				increase of Keap1 and heme-oxygenase-1 (HO-
				1) gene expression in the Nx group as compared
				to the control group. Our results were consistent
				with other studies conducted by Aminzadeh et
				al, which was shown that the Nrf2 activation was
				impaired in rats undergoing CKD due to tubuleinterstitial
				nephropathy, and it was accompanied
				by elevation of cytoplasmic Keap1.5 Interestingly,
				we demonstrated that both quercetin and
				captopril treatments increased the expression
				of Nrf2 in the nucleus and increased Keap1 and
				HO-1 gene expression.			


			
				CKD, oxidative stress, and inflammation were
				related to each other. Renal Fibrosis is the
				final manifestation of CKD, characterized by
				tubulointerstitial fibrosis and glomerulosclerosis
				due to an excessive accumulation of extra-cellular
				matrix component.27 Our results showed that the
				degree of fibrosis significantly increased with
				5/6 nephrectomy. Both quercetin and captopril
				treatment ameliorated the degree of fibrosis
				although the results did not reach statistically
				significant.			


			
				One of the limitations of our study is that the
				5/6 nephrectomy surgery was difficult, and the
				exactly molecular mechanisms which involved in
				the development of chronic kidney disease was
				not thoroughly investigated in this study, such as
				coagulation factors and inflammatory process.
				Further study with a longer duration of study
				will elucidate the truly molecular mechanism of
				quercetin to halt the progression of CKD.			


			
				In conclusion, we have demonstrated that
				quercetin administration reduced oxidative
				stress and decreased the degree of fibrosis in the
				remnant kidney of animals with CKD induced by
				5/6 nephrectomy, at least in part, through the
				increased of Nrf2 nuclear expression, Keap1, and
				HO-1 mRNA expression. However, quercetin could
				not ameliorate proteinuria and the increased of
				plasma creatinine and urea. It needs a further
				study to use queretin as a promising agent to
				ameliorate the progression of CKD in human.			
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Primer sequence (5’-3") reverse
Nrf2 5’- AGC-ATG-ATG-GAC-TTG-GAA-TTG-3’

5’-) CCT-CCA-AAG-GAT-GTC-AAT-CAA-3’
Keap 1 5’- CAG-CGT-GCT-CGG-GAG-TAT-3’

5’- GTG-TGA-CAG-GTT-GAA-GAA-CTC-CT-3’
HO-1 5’- GTC-AAG-CAC-AGG-GTG-ACA-GA-3’

5’- CTG-CAG-CTC-CTC-CTC-AAA-CAG-3’
Beta-actin 5’- CCC-GCG-AGT-ACA-ACC-TTC-3’

5’- CGT-CAT-CCA-TGG-CGA-ACT-3’
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