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pressed in BPH cases compared to PCa cases. At the tran-
script level, there was no significant differential expression 
in the kinases between PCa and BPH cases. 
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 Introduction 

 Three Aurora family members (A, B and C) of highly 
conserved serine/threonine kinases regulate cell entry 
into mitosis, centrosome maturation and the mitotic 
spindle checkpoint  [1] . Cell cycle checkpoints have 
evolved to ensure the inheritance of undamaged DNA, 
and that each daughter cell receives the correct comple-
ment of chromosomes during mitosis  [2] . Aberrant ex-
pression of the Aurora kinases can induce abnormal mi-
tosis, centrosome dysfunction and chromosomal insta-
bility, which may lead to aneuploidy and neoplastic 
transformation  [3] . Increased expression of Aurora ki-
nase A (AURKA) and Aurora kinase B (AURKB) has 
been reported in prostatic intraepithelial neoplasms, a 
precursor to most prostate cancers (PCa), compared to 
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 Abstract 

  Objective:  To measure the transcript levels of Aurora kinases 
and compare them to their immunoreactivity patterns in 
prostate tumors.  Materials and Methods:  A total of 26 cases 
of prostate cancer (PCa) and 38 cases of benign nodular hy-
perplasia (BPH) were sampled from archived formalin-fixed 
paraffin-embedded tissues. Tissue sections were lysed, total 
RNA extracted and cDNA made by random hexamer priming 
while slide sections were immunostained for the kinases. 
Normalized relative quantitation was performed for all the 
kinases using real-time PCR on TaqMan chemistry.  Results:  
The immunoreactivity profile showed 15.4, 53.8 and 30.7% 
positivity for Aurora kinases A, B and C in PCa cases, respec-
tively, while the positivity was 76.3, 73.7 and 84.2% for the 
same kinases in BPH cases. The immunoreactivity was pre-
ponderant on epithelial tissue compared to stromal compo-
nent.  Conclusion:  Aurora kinases were significantly overex-
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normal prostate cells  [4] . Novel therapeutic agents that 
target Aurora kinases may therefore be used to augment 
mitotic inhibitors like the taxanes (docetaxel and pacli-
taxel) in the management of PCa.

  AURKA is localized on chromosome 20q13.2, and has 
14 transcript variants with exons ranging from 5 to 10, 
transcript lengths of 584–2,238 bp, and encoding protein 
isoforms of 9–46 kDa (79–403 amino acid residues; http://
genome.ucsc.edu/ and http://www.ensembl.org/index.
html). Pseudogenes of AURKA have also been found on 
chromosomes 1 and 10 (www.pseudogenes.com). AUR-
KA is involved in centrosome separation, microtubule 
formation and stabilization at the spindle during mitosis 
 [5] . Overexpression of AURKA is reported to confer re-
sistance to the taxane paclitaxel, a mitotic inhibitor, 
which interferes with normal breakdown of microtubules 
during mitosis  [2] . AURKA has therefore been suggested 
as a predictive marker for taxane resistance  [2] . It is gen-
erally believed that AURKA may play a role in tumor de-
velopment and progression because of its critical role in 
mitotic entry as well as mitotic spindle checkpoint  [6] . 
Two proteins known to bind and initiate activation of 
AURKA are TPX2 and Ajuba  [2] . Qu et al.  [7]  had report-
ed that DNAzyme (DNA molecules with enzymatic 
cleavage activity) could be used to target AURKA mRNA 
in PCa cells as a potential therapeutic agent.

  AURKB is localized on chromosome 17p13.1 and has 
one transcript variant with 9 exons, and a transcript 
length of 1,245 bp encoding a 39-kDa protein of 344 ami-
no acid residues (http://www.ensembl.org/index.html). 
AURKB is a chromosomal passenger protein that begins 
mitosis localized to the centromeres but at the onset of 
anaphase relocates to the spindle equator  [8] . AURKB lo-
calizes to microtubules near kinetochores, specifically to 
the specialized microtubules called K-fibers, and it is 
known to regulate processes such as kinetochore and mi-
crotubule interactions, segregation of sister chromatids 
and cytokinesis  [2] . Immunohistochemical studies on 
prostate tissues and cell lines have demonstrated in-
creased nuclear expression of AURKB in high Gleason 
score PCa compared to intermediate and low grades, as 
well as in all cancers compared to benign and normal 
glands  [4] .

  AURKC is localized on chromosome 19q13.43 and 
has 3 transcript variants of 7 exons each, and variable 
transcript lengths (1,108–1,249 bp) encoding protein iso-
forms of variable molecular masses – 32–36 kDa con-
taining 275–309 amino acid residues. AURKC is ex-
pressed specifically in the male testis and has meiotic 
functions  [2] .

  Our study was designed to measure the quantity of 
transcripts (mRNA) of AURKA, AURKB and AURKC 
normalized to ABL1 housekeeping gene and to compare 
the transcript level with the immunoreactivity profile of 
formalin-fixed paraffin-embedded (FFPE) prostate tis-
sues from PCa and benign cases. The study was under-
taken because understanding gene expression of Aurora 
kinases in prostate tissues at both transcript and protein 
levels may help to define overexpression for a better ther-
apeutic approach.

  Materials and Methods 

 Ethical approval was obtained from the Meena Histopathol-
ogy and Cytology Laboratory, Jos, and the University of Port Har-
court Teaching Hospital, Port Harcourt, Rivers State, Nigeria.

  Samples 
 A total of 26 previously diagnosed PCa cases and 38 benign 

nodular hyperplasia (BPH) cases were sampled from archived 
FFPE prostate tissues in 2010 records of the University of Port 
Harcourt Teaching Hospital, Rivers State (21 PCa and 31 BPH 
cases) and the Meena Histopathology and Cytology Laboratory (5 
PCa and 7 BPH cases), Jos, Nigeria. Each FFPE tissue material was 
sectioned and macrodissected to harvest tissue areas with the 
highest lesion. Three pieces of 5- � m-thick sections were asepti-
cally collected into 2-ml Eppendorf tubes for total RNA extrac-
tion, and 3- � m-thick sections were used for immunohistochem-
istry (IHC). The 2-ml tubes were briefly centrifuged, deparaf-
finized in two washes of 1 ml xylene for 10 min each, the xylene 
decanted and the tissue rehydrated by two washes in 1 ml of 100% 
ethanol before allowing the pellets to dry for 5 min on a heat block 
kept at 37   °   C. The tissue pellets were digested overnight in 540  � l 
of all tissue lysis buffer (ATL) and 60  � l of proteinase K (Qiagen, 
UK). The digest was centrifuged for 5 min and the supernatant 
(containing nucleic acids) was collected. 

  RNA Extraction and cDNA Synthesis 
 For all samples, 350  � l of the tissue lysate (supernatant) was 

used for RNA extraction with the spin column RNeasy Mini kit 
(Qiagen, UK). The elution volume was 60  � l (50  � l of which was 
used for cDNA synthesis). RNA quality was checked using the 
BioRad automated electrophoresis system for 18S/28S ratio and 
the Eppendorf Biophotometer Plus for A260/280 ratio. The 
amount of RNA used for cDNA synthesis ranged from 0.5 to 2.0 
 � g. An equal volume of RNA elution was used in cDNA synthesis. 
Random primers (at a final concentration of 300 ng per reaction) 
from Invitrogen, UK, were used for cDNA synthesis with the Mo-
loney murine leukemia virus reverse transcriptase and RNasin 
(RNase inhibitor; Promega, UK). The cDNA synthesis was done 
immediately after RNA extraction.

  Antibodies and IHC  
 Monoclonal antibodies for AURKA and AURKB were pur-

chased from ABCAM, UK, and rabbit polyclonal anti-AURKC. 
The mouse- and rabbit-specific HRP/DAB detection IHC kit was 
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purchased from ABCAM, UK for immunostaining. Briefly, the 
slides were deparaffinized, rehydrated and microwaved for 10 
min with citrate buffer pH 6.0 for antigen retrieval. They were 
immersed in hydrogen peroxide for 10 min before protein block 
for the same duration and then incubated in primary antibodies 
for 40 min in a humid chamber. Detection of immunoreactivity 
was performed according to the manufacturer’s instruction for 
the mouse- and rabbit-specific HRP/DAB system. Slides were im-
mersed in xylene and mounted in DPX mountant and viewed at 
 ! 400 magnification. The immunohistochemical staining was 
semi-quantitatively scored based on percentage of cells (area) that 
stained positive and the intensity of the staining (strong, moder-
ate, weak). A score of 5+ was assigned to 80% or more of epithe-
lial and/or stromal cells that stained positive with strong inten-
sity, 4+ was assigned to 50% or more (but less than 80%) of epi-
thelial cells and/or stromal cells with strong intensity or 80% of 
cells or more with moderate to weak intensity; 3+ was assigned to 
30% or more of epithelial and/or stromal cells with strong inten-
sity or 50% or more (but less than 80%) of positive cells with mod-
erate to weak intensity; 2+ was assigned to 10% or more cells that 

stained positive with strong intensity or 30% or more (but less 
than 50%) that stained moderate to weak; 1+ was assigned to 10% 
or more cells (less than 30% of positive cells) that stained positive 
with moderate to weak intensity; 0 was assigned to less than 10% 
of positivity irrespective of the intensity of staining.

  Real-Time PCR Set-Up 
 TaqMan chemistries were used in the Applied Biosystem’s One 

Step Plus Real Time PCR system (Applied Biosystems, UK). Com-
mercially predesigned  ! 20 TaqMan primer mixes for AURKA, 
AURKB and AURKC based on TaqMan minor grove binding 
chemistry and TaqMan  ! 2 universal master mix were purchased 
from Applied Biosystems, UK. The assay IDs for AURKA, AURKB 
and AURKC were Hs0182073_m1, Hs00177782_m1 and 
Hs00152930_m1, respectively. The sequences of primers and 
probes for ABL1 endogenous control gene have previously been 
described  [9]  and are available on request. For absolute quantifi-
cation of the ABL1 gene, in-house plasmid calibrators were used 
to construct standard curves for reading samples. The transcripts 
of AURKA, AURKB, and AURKC were measured by normalized 

a b

c d

  Fig. 1.  Photomicrographs of immunoreactivity of Aurora kinases and frequency.  a  AURKA-positive BPH (dark-
brown stain),  ! 400 magnification. Epithelial cells are predominantly stained. The IHC score was 5+.  b  AURKB-
positive BPH (dark-brown stain),  ! 400 magnification. The IHC score was 4+.  c  AURKC-positive PCa (dark-
brown stain),  ! 400 magnification. The IHC score was 3+.  d  Negative control slide (blue nucleic stain),  ! 400 
magnification. The IHC score was 0. Scale: 1 cm = 18  �  M  in  ! 400 magnification. 
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relative quantitation using the formula NRQ = E Ct AURKA /E Ct ABL1  
where E is the PCR efficiency for each target, and Ct is the cycle 
of threshold, also known as Cq (cycle of quantitation), and refers 
to the PCR cycle at which the amplification of the target gene 
crosses a threshold line  [9, 10] . The Ct value is inversely propor-
tional to the log of the starting quantity of the target gene. PCR 
efficiency is related to the slope of the calibration curve. For all 
the Aurora kinases, in-house cDNA of a PNTIA prostate cell line 
was used in creating the calibration curve for the purposes of de-
termining the slope and PCR efficiency. The predesigned primer 
mixes for AURKA, AURKB and AURKC were used at a final con-
centration of  ! 1 in a 20- � l reaction volume while the ABL1 prim-
ers were used at a concentration of 300 nm and the probe at a 
concentration of 200 nm. The cDNA was used at 3  � l for each re-
action and all samples were measured in triplicates. The thermal 
profile for all the reactions was as follows: 50   °   C for 2 min, initial 
denaturation at 95   °   C for 10 min; cycle denaturation of 95   °   C for 
15 s, annealing and extension at 60   °   C for 1 min for 40 cycles. Data 
were acquired at all stages.

  Statistical Analysis  
 All statistical analyses were done on GraphPad Prism version 

5.02 (www.graphpad.com).

  Results 

 For the IHC staining, only 4 (15.4%) and 14 (53.8%) 
cases stained positive for AURKA and AURKB, respec-
tively, in PCa tissues. AURKA and AURKB were prepon-
derant in the epithelial not stromal cells. In the same pat-
tern of staining, only 8 (30.7%) cases were positive for 
AURKC in PCa tissues ( fig. 1 ). The median IHC scores 
for AURKA, AURKB and AURKC were 3+, 4+ and 3+ in 
the PCa cases.

  In contrast, 29 (76.3%) cases stained positive for AUR-
KA in BPH tissues and were predominantly stained in 
epithelial compared to stromal cells. In the same pattern 
of staining, 28 (73.7%) cases and 32 (84.2%) cases of BPH 
tissues were immunopositive for AURKB and AURKC, 
respectively ( fig. 1 ). The median IHC scores for AURKA, 
AURKB and AURKC were 4+, 5+ and 3+ in BPH cases. 
The  �  2  analysis showed that Aurora kinases were ex-
pressed more in BPH than PCa cases ( fig. 2 ).

  For the mRNA analysis, the average 28S/18S RNA 
ratio was 1.75 (range 1.60–1.95) similar to A260/280 
readings. For all qPCR results, the slope was within 
–3.30 to –3.60 corresponding to 100–80% PCR efficien-
cy. The y-intercept of the calibration curves was less 
than 40.

  Data from normalized relative quantities of AURKA, 
AURKAB and AURKC were tested for gaussian approx-
imation using the D’Agostino-Pearson omnibus normal-
ity test. The data were not normally distributed. There-
fore, median values were calculated for normalized rela-
tive quantity and the results were 0.01, 0.02 and 0.02 for 
AURKA, AURKB and AURKC, respectively, in PCa cas-
es. Same median values were obtained for the respective 
kinases in BPH cases. Since the normalized relative 
quantity values were not normally distributed, the most 
appropriate statistic test was the Mann-Whitney test 
which does not make any assumption for gaussian dis-
tribution. The results of the Mann-Whitney tests are 
shown in  figure 3 . Similar results were obtained for 
AURKA, AURKB and AURKC when their normalized 
relative quantities were compared between BPH and PCa 
cases.
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  Fig. 2.  Frequency distribution of immunoreactivity pattern of Au-
rora kinases. The Aurora kinases were significantly overexpressed 
in BPH compared to PCa, p value = 0.002 ( �  2  test). 
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  Discussion 

 The immunoreactivity profile of AURKA, AURKB 
and AURKC in this study showed a significantly re-
duced expression in PCa cases compared to BPH cases. 
This finding is contrary to some reports of overexpres-
sion of AURKA and AURKB in PCa  [4, 11, 12] . Chang-
ing antigen retrieval method did not change the immu-
noreactivity results. It is also very unlikely that the pri-
mary antibodies may not have targeted common 
epitopes in the cellular antigens. It is probable that the 
difference in the expression of Aurora kinases in PCa of 
a Nigerian population is influenced by ethnicity and 
race. Ethnicity is known to influence many biomarkers 
in PCa  [13] . Although our sample size was relatively 
small, the results of immunoreactivity (IHC scores) 
were comparable to those of normalized relative quanti-
ties of AURKA, AURKB and AURKC mRNA tran-
scripts. However, at transcript level there was no differ-
ential expression between BPH and PCa cases. It is pos-
sible that mutant isoforms of Aurora kinases are 
produced copiously in prostate cancer but more studies 
will be required to establish overexpression. It is also 
known that RAF kinase inhibitory protein, which is lost 
in about 20–50% of PCa, regulates NEK6, a protein that 
downregulates G2/M checkpoint molecules such as 
AURKB, cyclin G1 and Sertuin  [14] . It is therefore plau-
sible to think that the expression of Aurora kinases may 
be diminished in PCa due to upstream perturbations in 
G2/M regulatory molecules. Several other factors could 
influence transcript quantity and IHC score, such as 

formalin fixation and the age of the sample. These will 
contribute to differences observed in FFPE tissues com-
pared to fresh-frozen samples.

  Conclusion 

 AURKA, AURKB and AURKC were, at protein level, 
underexpressed in PCa cases compared to BPH cases in 
the study group. At transcript level, no differential ex-
pression was observed. Ethnic origin may influence ex-
pression of Aurora kinases. More studies on larger sam-
ple sizes and fresh-frozen tissues are still required to de-
termine aberrant expression of Aurora kinases in PCa 
before they can be relied upon as therapeutic targets.
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  Fig. 3.  Normalized relative quantity of Aurora kinases A, B and 
C.  a  Normalized relative quantity of AURKA. No significant 
difference between BPH and PCa cases, p value = 0.593 (Mann-
Whitney test).  b  Normalized relative quantity of AURKB. There 

was no significant difference in AURKB expression between 
PCa and BPH case, p value = 0.7571 (Mann-Whitney test).
 c  Relative quantity of AURKC. There was no significant differ-
ence.     
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