Significance of Aurora A and B EXPRESSION IN Chronic Hepatitis C and Hepatocellular Carcinoma
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Abstract
Background & Aim. This study aimed to investigate the significance of Aurora-A and B expressions in chronic hepatitis C (CHC) with and without HCC.

Patients &Methods. Sixty eight patients were selected, 37 patients with HCC and 31 with CHC but without HCC. Aurora A and B mRNA were done in liver tissue samples by PCR technique.
Results. Aurora A mRNA over expression was detected in 70.3% of patients of HCC, and in 9.7% patients of CHC specimens. Aurora B mRNA was over expressed in 64.9% of HCC cases, while it was detected in 3.2% of 31 of CHC patients. Furthermore, both Aurora A & B over expressions were associated with high AFP serum level, high tumour grade histology, advanced tumour stage, uncapsulated tumours and vascular invasion. Moreover, an Aurora B over expression was associated with increased tumour number and size.
Conclusion. Over expression of both Aurora-A and B was associated with advanced disease state in HCC, and their selective inhibitors may be a future target of therapy in such patients 
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Rezumat

Introducere. Acest studiu și-a propus să evalueze semnificația expresiei Aurora-A și Aurora-B la pacienţii cu hepatită cronică de tip C cu şi fără carcinom hepatocelular.

Pacienţi şi metodă. Au fost selectaţi 68 de pacienţi, dintre care 37 cu carcinom hepatocelular şi 31 cu hepatită cronică cu virus C, dar fără carcinom hepatocelular. Prezenţa ARNm al Aurora-A şi B a fost evidenţiată pe mostre tisulare prin tehnica PCR.
Rezultate. Supraexpresia ARNm al Aurora A a fost detectată la 70,3% din pacienții cu carcinom hepatocelular și la 9,7% din pacienții cu hepatită cronică cu virus C. ARNm al Aurora-B a fost supraexprimat în 64,9% din cazurile cu carcinom hepatocelular, faţă de 3,2% din cei 31 de pacienţi cu hepatită cronică cu virus C. În plus, atât supraexpresia Aurora-A cât și B au fost asociate cu nivele serice înalte ale AFP, grading histologic tumoral înalt, stadii tumorale avansate, tumori necapsulate și invazie vasculară. Mai mult, supraexpresia Aurora B a fost asociată cu tumori multiple și dimensiuni tumorale mai mari.
Concluzie. Supraexpresia atât a Aurora-A, cât şi a Aurora-B au fost asociate cu un stadiu avansat al carcinomului hepatocelular, şi inhibitorii lor selectivi ar putea reprezenta o ţintă terapeutică viitoare pentru aceşti pacienţi.

Cuvinte cheie: Aurora A, Aurora B, PCR, expresie, carcinom hepatocelular.

Introduction
Hepatocellular carcinoma (HCC) is one of the major causes of cancer death in the world(1). However, the detailed molecular mechanisms of hepatocarcinogenesis are still not fully understood(2); molecular factors capable of predicting clinical outcome of HCC and acting as potential therapeutic targets remain limited. The identification of molecular markers related to hepatocarcinogenesis, tumour progression, and poor clinical outcome would benefit the patients, providing for better management planning and serving as potential therapeutic targets for novel HCC drug treatments(3). Loss of genomic stability is believed to be one of the driving forces to hepatocarcinogenesis(4), and increased chromosomal instability has been associated with differentiation status of human HCC(5).

Aurora kinases, a subfamily of serine/threonine mitotic kinases, are thought to be key molecules required for maintaining accurate cell cycling and genomic stability(6). There are three highly related Aurora kinases in mammals, Aurora A, B, and C. Aurora A and Aurora B share a high degree of sequence homology in their catalytic domains, and over expression of each has been identified in many human cancers(7). Little is known about the function of Aurora C. which acts also as a chromosomal passenger protein involved in assembling the two meiotic spindles during spermatogenesis(8).

Aurora A and B are localized to the centrosome during mitosis and are involved in chromosome segregation and cytokinesis(9), and they have been implicated in tumour formation and progression(8). Inhibition of Aurora kinases in xenograft models results in tumour regression(10), and over expression of both Aurora A and B can induce centrosome amplification and aneuploidy(11). 
Despite their sequence similarity, Aurora A and Aurora B differ in chromosomal gene loci, subcellular localization, cellular functions, and signalling substrates(7). Aurora A kinase (AURKA) protein is localized in the centrosome and spindle poles and plays important roles in centrosome maturation and spindle assembly(12). It is critical for maintenance of genome instability(13) and phosphorylates tumour suppressors such as p53, thereby modulating their activities(6). AURKA is considered a potential cancer susceptibility gene owing to over expression or amplification of Aurora A gene that causes centrosome dysfunction, chromosome instability, tumourigenic transformation and checkpoint abnormalities(14). Amplification and over expression of Aurora-A is more frequent in human cancer(15). 

Aurora- kinase B (AURKB) is a chromosomal passenger serine/threonine protein kinase, localized in the centromeres during early mitosis and then at the spindle midzone after anaphase(16). It is essential for chromosome segregation and required for histone H3 phosphorylation, chromosome orientation, spindle assembly checkpoint, and cytokinesis(17). AURKB is known as an aberrantly expressed gene in many cancer and tumour cell lines(18, 19). Its over expression produces multinuclearity and induces aggressive metastasis, suggesting that over expressed Aurora B has multiple functions in cancer development(20). 
Previous study reported that Aurora B is expressed in HCC, and it is up-regulated significantly in HCC in relation to the invasion of the portal vein and/or hepatic vein(20, 21). Aurora B aberrant expression in primary HCC can be the predictive factor of HCC recurrence exceeding Milan criteria after curative hepatectomy(22).
Recent studies have demonstrated that several Aurora kinase inhibitors exhibit anticancer activity resembling that of Aurora B disruption induced by genetic methods(3, 23). Therefore, determination of the distinctive roles in carcinogenesis and individual clinical significance of Aurora A and Aurora B is mandatory.

The aim of this study was to investigate the expression of Aurora A and Aurora B in HCC patients and to correlate their levels with various clinicopathological and molecular features.
Patients & methods
This study was conducted upon 68 patients (45 males and 23 females), their age was ranged from 38 to 67 years. Thirty seven of them had newly diagnosed HCC and the remaining 31 patients with CHC without HCC. Patients were selected from outpatient clinics and inpatient departments of the Hepatology Department-National Liver Institute- Menoufiya University and Internal Medicine Department of Al Azhar University Hospital during study period from May 2009 to February 2011. 

The group of HCC were 25 males and 12 females. Their age was ranged from 42 to 67 years; diagnosis of HCC was made after fulfilling the criteria of HCC diagnosis which were based on the findings of typical radiological features in at least two image modalities or by a single positive imaging technique associated with serum α-fetoprotein (AFP) level >400 ng/ml(24). 
The group of CHC without HCC were 20 males and 11 females; their age was ranged from 38 to 65 ys. Their diagnosis was based on laboratory assessment of HCV Abs and confirmed with PCR in addition to histopathological features in liver biopsy coincided with chronic HCV infection.
Patients with other malignancies other than HCC were excluded. None of HCC patients had received local or systemic therapy before enrolment in the study.
The study was approved by the local ethical committee in university hospitals and informed consent was obtained from the patients.

Tissue sampling and Total RNA extraction: 

After resection or biopsy , tissues were immediately cut into small pieces, one was fixed in 10% buffered formalin and imbedded in paraffin blocks for histological studies using a modified Knodell scoring system(25) by an experienced histopathologist. The remaining sample was frozen in liquid nitrogen and kept at -70°C until RNA extraction. 

The ribosomal protein S26 mRNA, a housekeeping gene, was used as an internal control(26). Total RNA from each sample was isolated using a Total RNA Isolation Kit (Roche -Mannheim, Germany). Briefly, total RNA was isolated from the frozen tissues using a guanidium isothiocyanate/CsCl method.  The purity of RNA was quantified by measuring the absorbance at 260 nm in a spectrophotometer. Stock RNA samples were kept in alcohol in deep freezer until used. Complementary DNA (cDNA) was prepared from the total RNA of paired HCCs and nontumorous liver samples. Two microliter reverse transcription product, 1.25 units Pro Taq polymerase, Pro Taq buffer, and 200 μM dATP, dCTP, dGTP, and dTTP (each) were mixed with primer pairs for Aurora A, Aurora B, and S26 in a total volume of 30 μl. One tube PCR reaction was stopped at the exponential phase of gene amplification: 29 cycles for Aurora A, 32 for Aurora B, and 23 for S26(3).

Expression of Aurora mRNA by Reverse transcription-polymerase chain reaction (RT-PCR)
The reaction was performed in an automatic DNA thermal cycler ( Perkin Elmer 9600), with limited reaction reagents (Tag enzyme and dNTPs), and processed with initial heating at 94°C for 2 minutes, followed by 29 (Aurora A) or 32 (Aurora B) PCR reaction cycles of 94° C for 30 seconds, annealing at 60°C for 1 minute, extension at 72°C for 1 minute, and a final 72°C extension for 10 minutes. The PCR reaction was stopped at cycle 7 (Aurora A) or 10 (Aurora B), and the reaction tubes were quenched on ice to allow adding S26 primers, then complete the final 23 PCR reaction cycles.
Primers for amplified genes were as follows: 

            Aurora A-Forward: (AATTGCAGATTTTGGGTGGT).
            Aurora A-Reverse: (AAACTTCAGTAGCATGTTCCTGTC).
           Aurora B-Forward: (ATCGTGGCGCTCAAGGTCCT).
           Aurora B-Reverse: (GATGCACTCTCAAAGGGTGGG).
           House keeping gene ; S26-Forward (CCGTGCCTCCAAGATGACAAAG).
                                              S26-Reverse (GTTCGGTCCTTGCGGGCTTCAC). 

         The PCR products were electrophoresed on a 2% agarose gel. Concentrations of the PCR fragments were determined with the digital imaging system. The Aurora A and Aurora B mRNA levels were determined according to the ratio of signal intensity for Aurora A or B to that of S26 as measured by 1 D Image Analysis software  and scored as high (ratio >1.0), moderate (ratio > 0.5 and ≤1.0), or low (ratio ≤0.5). The Aurora A and Aurora B mRNA levels of nontumorous liver rarely exceeded a ratio of 0.5, and a ratio > 0.5 was regarded as over expression(27). 

Statistical analysis
Data was statistically analyzed using Statistical Package for Social Sciences (SPSS v 16.0.0) for Windows. Quantitative variables were described as mean (±SD) or median and analyzed using Student’s two-tailed t-test or Mann–Whitney test. while categorical data were expressed by using frequency and percentage. Comparison between groups was done using Chi square (Χ2) test for qualitative variables and Mann Whitney (U) test for none normally distributed variables. Kruskal-Wallis test was done to compare three or more of none normally distributed variables. P value <0.05 was considered statistically significant.
Results
Clinical and laboratory data of patient groups were listed in table (1). Aurora A mRNA over expression was detected in 26 out of 37 (70.3%) patients of HCC, and in 3 out of 31 (9.7%) patients of chronic hepatitis C specimens. Aurora B mRNA over-expression was detected in 24 (64.9%) of HCC cases, while it was detected in one case (3.2%) of CHC patients (Figures 1 & 2).

Clinical significance of both Aurora A and B over expression and their correlation with clinicopathological features of HCC were shown in tables (2 &3).        
As regard Aurora A, the over expression is associated with high AFP serum level (≥200 ng/mL; P < 0.05). As regard tumour grades ; 3 cases out of 8 (37.5%) of grade I, 13 out of 18  (72.2%) grade II, 10 out of 11 (90.9%) grade III-IV were associated with Aurora A over expression significantly  (p<0.001). In addition, over expression of Aurora A was also associated with uncapsulated tumour than with capsulated tumour, (17 out of 21 (81%) vs. 9 out of 16 (56.3%) (p<0.05)); and this was associated with vascular invasion in 14 out of 17 (82.4%) cases which showed  over expression of Aurora A mRNA (p<0.05). On the other hand, Aurora A over expression was not related to gender, tumour number or tumour size (p>0.05) (Table 2).

Also, Aurora B over expression was associated with high serum AFP level (≥200 ng/mL; p < 0.001), but not with gender (p>0.05). Aurora B over expression was positively correlated with tumour size {<5cm, 7 out of 15 (46.7%) and > 5cm, 17 out of 22 (77.3%)}; with tumour number, 9 out of 18 (50%) of single tumour and 15 out of 19 (78.9%) of multifocal tumour; and with tumour grade; 2 cases out of 8 (25%) of grade I, 12 out of 18  (66.7%) grade II, 10 out of 11 (90.9%) grade III-IV (p<0.001). Aurora B was also associated with uncapsulated tumour, 18 out of 21 (85.7%) than with well capsulated tumour, 6 out of 16 (37.5%) (p<0.001). In addition, it was associated with vascular invasion, as 15 out of 17 (82.6%) cases of vascular invasion had Aurora B mRNA over expression (p<0.01) (Table 3).
Table (1) Demographic and laboratory data of studied groups
	Data
	HCC patients

(N=37)
	CHC patients

 (N=31)

	Age (years) (M±SD):
	49±11
	40±14

	Gender (male %)
	25 (67.6% )
	20 (64.5%)

	Child-Pugh classification:
Class A

Class B

Class C
	10 (27%)

20 (54%)

7(19.9)
	12 (38.7%)

14 (45.2%)

5 (16.1%)

	Hepatitis markers:
HCV Ab positive 
HBs Ag positive 
	31 (83.8%)

6 (16.2%)
	28 (90.3%)

3 (9.7%)

	AFP (ng/ml)    M±SD
	861 ± 692
	36.3± 21.8

	ALT (U/L)          M±SD
	98.6± 33.2
	76.5±29.4

	AST (U/L)    M±SD
	109.2±54.2
	98.6±31.2

	GGT (U/L)        M±SD
	75.6 ±29.3
	45.4 ± 18.3

	ALP (U/L)        M±SD
	112.6±42.2
	56.3±12.5

	PT (%)     M±SD
	56.2± 13.1
	67.8±10.3

	Platelets (X109/L)           M±SD
	120.4 ± 34.8
	142.6 ± 35.2

	Aurora A mRNA expression (%)
	26 (70.3%)
	3 (9.7%)

	Aurora B mRNA expression (%)
	24 (64.9%)
	1 (3.2%)


HCC: Hepatocellular carcinoma

CHC: Chronic hepatitis C
HBs : Hepatitis B surface antigen  

AFP: Alpha feto protein 

ALT: Alanine aminotransferase  

AST : Aspartate aminotransferase
GGT: Gama glutemyle transferase 

ALP : Alkaline phosphates 

PT: Prothrombin time 

Table (2) Comparison between Aurora A mRNA expression and clinicopatho-logical data of HCC patient group
	Data


	HCC patients (N=37)
	X2
	P-value

	
	Total
	Aurora A                  Over expression
	
	

	Gender:

Male

Female
	25
12
	18 (72%)

8 (66.7%)
	0.83
	>0.05

	AFP levels:

<200 ng/ml

≥200 ng/ml
	14
23
	7 (50%)

19 (82.6%)
	3.82
	<0.05

	Tumour size:

<5 cm

>5cm
	15

22
	11 (73.3%)

15 (68.2%)
	0.64
	>0.05

	Tumour number:

Single (unifocal)
Multiple (multifocal)
	18

19
	12 (66.7%)

14 (73.7%)
	1.03
	>0.05

	Tumour grade:

I

II

III- IV
	8
18
11
	3 (37.5%)

13 (72.2%)
10 (90.9%)
	5.14
	<0.001

	Tumour Capsule:

Capsulated
Uncapsulated
	16

21
	9 (56.3%)

17 (81%)
	3.41
	<0.05

	Vascular invasion:

Absent

Present
	20

17
	12 (60%)

14 (82.4%)
	3.15
	<0.05


Table (3) Comparison between Aurora B mRNA expression and                   clinicopatho-logical data of HCC patient group
	         Data


	     HCC patients (N=37) 
	 X2
	P-value

	
	Total 
	Aurora B   

Over expression
	
	

	Gender:

Male

Female
	25
12
	17 (68%)
7 (58.3%)
	0.93
	>0.05

	AFP levels:

<200 ng/ml

>200 ng/ml
	14

23
	5 (26.3%)

19 (82.6%)
	5.97
	<0.001

	Tumour size:

<5 cm

>5cm
	15

22
	7 (46.7%)

17 (77.3%)
	3.86
	<0.05

	Tumour number:

Single (unifocal)
Multiple (multifocal)
	18

19
	9 (50%)

15 (78.9%)
	4.07
	<0.05

	Tumour grade:

I

II

III- IV
	8

18

11
	2 (25%)

12 (66.7%)
10 (90.9%)
	6.08
	<0.001

	Tumour Capsule:

Capsulated

Uncapsulated
	16

21
	6 (37.5%)

18 (85.7%)
	5.62
	<0.001

	Vascular invasion:

Absent

Present
	20

17
	9 (45%)

15 (82.6%)
	4.97
	<0.01
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Figure (1) Shows the expression of Aurora A:

Lane 1 showed a molecular size marker (1000 bp)
Lanes 4, 6, 8, 10 showed over expression.

Lanes 2, 3, 5, 7, 9, 11 showed normal expression






Figure (2) Shows the expression of Aurora B:

Lanes 2, 3, 4, 5, 7, 8 showed overexpression.

Lanes 1, 6 showed normal expression

Discussion
There are three highly related Aurora Kinases in mammals: Aurora A, B, and C, they are closely related kinases share a high degree of sequence homology in their catalytic domains(11). Aurora Kinase A is considered a potential cancer susceptibility gene owing to over expression or amplification of Aurora A gene(14), and over expression of Aurora B produces multinuclearity and induces aggressive metastasis, suggesting that over expressed Aurora B has multiple functions in cancer development(20). 
In this study, Aurora A and Aurora B were over expressed in tumour more than non-tumour specimens (cirrhosis and normal livers). The over expression of Aurora A and Aurora B was detected in about 70.3% and 64.9% of HCCs, respectively. This finding was in agreement with Lin et al. (3), who demonstrated that over expression of Aurora A and Aurora B was detected in 63% and 61% of 160 surgically resected, primary unifocal HCCs, respectively. Also this was in line with results of Jeng et al.(27), who detected over-expression of Aurora-A in 61% out of 224 HCC cases. While in another study by Sistayanarain et al.(21), Aurora-B transcripts were detected in 12 out of 17 (70.5%) HCC cases examined.
Although Aurora-A amplification coincided with over expression, many more cases showed Aurora-A over expression without amplification. Thus, the expression of Aurora-A is likely to be regulated not only by gene amplification but also by other mechanisms such as transcriptional activation(27). Aurora-A gene amplification occurred in only a small proportion of the tumour cells and is undetectable by Southern blot analysis indicating that transcriptional activation may be a major cause of Aurora-A over expression in human cancers(27).
Importantly, in our study, Aurora A mRNA expression in HCC was closely associated with aggressive tumour subtypes and major clinicopathological parameters related to tumor progression such as high AFP serum level (≥200 ng/mL), high tumour grade, uncapsulated tumour, and vascular invasion.
Previous studies (27, 3) had reported that Aurora A was highly expressed in HCC and its over expression was closely associated with aggressive tumour phenotypes and worse patient prognosis.  In addition, they found  Aurora-A over expression was correlated with p53 mutation in HCC, and tumours with both Aurora-A over expression and p53 mutation had worse prognosis than p53 mutation alone, but Aurora-A over expression did not significantly affect the expression level of p53 target genes. These observations provide in vivo evidence that Aurora-A and p53 had a synergistic effect contributing toward tumour progression and, hence, poor prognosis(27).
Mutation of p53 correlated with aggressive HCC and poor prognosis, whereas b-catenin mutation was associated with less tumour aggression and more favourable prognosis, Hsu et al.(28), showed that Aurora A over expression was correlated positively with p53 mutation and inversely with b-catenin mutation. Recently, Lin et al.(3), showed that Aurora B over expression positively correlated with p53 mutation and inversely with b-catenin mutation. 

Also pervious studies cleared that most cancers with aneuploidy showed a more malignant phenotype than diploid cancers(29, 30). These observations suggested that over expression of Aurora-A, by causing chromosomal instability, may contribute to a more malignant phenotype of HCC. Inactivation of p53 results in centrosome hyper amplification, leading to aberrant mitosis and chromosomal instability(31). The p53 protein interacts directly with Aurora-A, and suppresses Aurora-A-induced centrosome amplification and cellular transformation in a transactivation-independent manner(32). Centrosome amplification and aneuploidy induced by Aurora-A over expression were exacerbated in a p53/ background(33). These observations were consistent with a mechanism in which Aurora A and p53 had opposite effects on apoptotic signalling pathways in these tumour cells(34).

Tanaka et al.(22), had previously identified Aurora B as the only independent predictor for aggressive recurrence of HCC. Aurora B is a chromosomal passenger serine/threonine protein kinase that regulates accurate chromosomal segregation, cytokinesis, protein localization to the centromere and kinetochore, correct microtubule kinetochore attachments and regulation of the mitotic checkpoint(35).  Aurora B expression was closely associated with genetic instability of HCC tumours(35). 
More importantly, Aurora B has recently received increasing attention as an eligible target of molecular cancer therapy(23). Aurora B targeted therapy might be a promising new adjuvant approach for the occult vascular invasion of HCC.
Furthermore, in the current study, Aurora B over expression was an independent risk factor for HCC, it was associated with tumour size, tumour number, high tumour grade, capsular invasion and high-stage tumour; vascular invasion, hence contributing to poor patient prognosis and survival. This was correlated to results of  Yasen et al.(20), who reported that, Aurora B was over expressed in tumour more than adjacent non-tumour specimens; over expression was also observed in vascular invasion cases rather than nonvascular invasion cases in HCC.
Jeng et al.(27), showed that Aurora B over expression was associated with high AFP level, large tumour size, higher tumour grade, and high-stage (stages IIIA, IIIB, and IV) HCC, which exhibits vascular invasion and various extent of microscopic intra hepatic spread. These findings suggest that over expression of Aurora B is associated with tumour invasion and intrahepatic metastasis of HCC, as having been shown in Aurora A. 

Sistayanarain et al.(21), reported that Aurora B and two variant forms (Aurora B -Sv1 and Aurora B -Sv2) were expressed in HCC. They also studied the significance of Aurora B -Sv2 variant from a clinical viewpoint, for the progression of Hepatocellular carcinoma, and showed that expression of Aurora B -Sv2 form was associated with the advanced stage of HCC rather than others. The Aurora B -Sv2 positive cases showed higher levels of serum AFP and PIVKAII, poor differentiation, tumour capsular invasion and multiplicity of the tumour 

A recent study by Lin et al.(3), showed that the expression of Aurora B and Aurora A were closely correlated to HCC progression.  HCC with over expression of both Aurora B and Aurora A exhibited the highest rates of high AFP level (71%), vascular invasion (stage IIIA-IV; 82%), and early tumour recurrence (74%). They suggest that Aurora A and Aurora B contribute cooperatively to a more malignant HCC phenotype, early tumour recurrence, and poor prognosis.

Because both Aurora A and Aurora B correlate closely with unfavourable prognosis of HCC and may be potential therapeutic targets(27, 36). Aihara et al., preclinical study indicate that AZD1152 (Aurora kinase B inhibitor) induced the rapid suppression of phosphohistone H3, followed by cellular apoptosis in the liver tumours but not in the normal tissues of the orthotopic models, this suggests that  Aurora B inhibitor  is a promising novel therapeutic approach for the treatment of HCC(37). Similarly Lin et al., added that, AZD1152-HQPA had anticancer effects in HCC cells(36).

Finally we can conclude that, both Aurora-A and B are highly expressed in HCC and their over expressions was associated with major clinical and histopathological features. The frequent over expression of Aurora B in HCC was closely associated with aggressive tumour phenotypes, which are critical for tumour progression of in HCC, and hence can be considered as is an independent risk factor for poor prognosis of patients with HCC. These findings indicate the importance of Aurora B kinase in HCC progression and can be considered as a potential therapeutic target for HCC. Nevertheless, whether targeting Aurora B kinase alone is a better therapeutic strategy, compared with the targeting of both Aurora A and Aurora B kinases, will require further exploration. 
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