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Effect of surgical procedures on prostate tumor gene
expression profiles

Jie Li1,*, Zhi-Hong Zhang2,*, Chang-Jun Yin1, Christian Pavlovich3, Jun Luo3, Robert Getzenberg3

and Wei Zhang1

Current surgical treatment of prostate cancer is typically accomplished by either open radical prostatectomy (ORP) or robotic-assisted

laparoscopic radical prostatectomy (RALRP). Intra-operative procedural differences between the two surgical approaches may alter the

molecular composition of resected surgical specimens, which are indispensable for molecular analysis and biomarker evaluation. The

objective of this study is to investigate the effect of different surgical procedures on RNA quality and genome-wide expression

signature. RNA integrity number (RIN) values were compared between total RNA samples extracted from consecutive LRP (n511) and

ORP (n524) prostate specimens. Expression profiling was performed using the Agilent human whole-genome expression microarrays.

Expression differences by surgical type were analyzed by Volcano plot analysis and gene ontology analysis. Quantitative reverse

transcription (RT)-PCR was used for expression validation in an independent set of LRP (n58) and ORP (n58) samples. The LRP

procedure did not compromise RNA integrity. Differential gene expression by surgery types was limited to a small subset of genes, the

number of which was smaller than that expected by chance. Unexpectedly, this small subset of differentially expressed genes was

enriched for those encoding transcription factors, oxygen transporters and other previously reported surgery-induced stress-response

genes, and demonstrated unidirectional reduction in LRP specimens in comparison to ORP specimens. The effect of the LRP procedure

on RNA quality and genome-wide transcript levels is negligible, supporting the suitability of LRP surgical specimens for routine

molecular analysis. Blunted in vivo stress response in LRP specimens, likely mediated by CO2 insufflation but not by longer ischemia

time, is manifested in the reduced expression of stress-response genes in these specimens.

Asian Journal of Andrology (2012) 14, 708–714; doi:10.1038/aja.2012.54; published online 6 August 2012

Keywords: CO2 insufflation; expression microarray; laparoscopic radical prostatectomy; open radical prostatectomy; prostate cancer;
stress response

INTRODUCTION

Currently, for men with localized prostate cancer, surgical resection of

the prostatic tumor is most often accomplished by one of two surgical

approaches, open radical prostatectomy (ORP) or robot-assisted laparo-

scopic radical prostatectomy (RALRP), with the latter operation being

increasingly practiced in developed countries. In the United States,

RALRP accounts for an estimated 80% of RP surgeries.1 In China, while

RALRP is rarely performed, a substantial percentage of RP surgeries are

nevertheless performed minimally invasively, via traditional laparo-

scopic radical prostatectomy (LRP). LRP is quite similar to RALRP

and involves similar surgical approaches and steps that are different from

conventional ORP.2 The principal distinctions in sequential surgical

steps between LRP and ORP are illustrated in Figure 1. During LRP,

the prostate is typically devascularized earlier by severing the vascular

pedicles, and is then left in an endobag in the abdomen following sur-

gical resection for about 30 min until the completion of vesicourethral

anastomosis. These procedural differences (Figure 1) may subject an

LRP specimen to longer warm ischemia time at body temperature than

an ORP specimen. In addition, all LRP surgeries are performed under

CO2 insufflation at approximately 15 mmHg pressure.

Dash et al.3 showed that postoperative warm ischemia time dramat-

ically increased the expression of a small subset of hypoxia- and stress-

responsive genes in ORP specimens. These genes included early

growth response 1 (EGR1), jun B proto-oncogene (JUNB), jun D

proto-oncogene (JUND) and activating transcription factor 3

(ATF3).3 Lin et al.4 compared expression levels of 5753 genes in paired

prostate biopsies taken immediately following anesthesia (in situ

biopsy) and after surgical resection (ex vivo biopsy) during ORP,

and identified 62 genes with increased expression levels, but no genes

with decreased expression levels, in ex vivo biopsies. These ‘surgery-

induced’ genes included canonical hypoxia- and stress-responsive

genes such as JUNB, JUND, dual specificity phosphatase 1 (DUSP1),

immediate early response 2 (IER2) and X-box binding protein 1

(XBP1). More recently, Schlomm et al.5 analyzed expression levels

of 91 genes during different intra-operative time points of ORP, and

identified eight differentially expressed genes, all increased, during the
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early intra-operative period. In this study, differentially expressed

genes also included stress-response genes such as JUNB, DUSP1 and

EGR1. Taken together, these studies suggest that ‘surgery-induced’

gene expression changes, a potential artifact in expression analysis,

are limited to a subset of stress-response gene transcripts that are

increased early during the surgical process and further elevated during

later intra-operative and post-operative time points.

Surgical prostate tissue specimens are indispensable resources in

the evaluation of tissue-based biomarkers and for prostate cancer

research. Molecular profiles of the surgical specimens should accu-

rately reflect the inherent tissue biology rather than artifacts of spe-

cimen procurement and processing. Since various intra-operative and

post-operative variables introduce potential biases that may affect the

molecular composition of surgical specimens, the need to identify and

correct these biases has been recently emphasized.6,7 However, despite

the differences in tissue ischemia time and CO2 insufflation between

LRP and ORP, few studies have addressed the differential effect of LRP

and ORP on RNA quality8 and gene expression.9 Importantly, a com-

parison of gene expression profiles from LRP and ORP specimens has

not been performed. As a result, the suitability of LRP specimens for

gene expression analysis has not been established, and the nature and

extent of expression differences influenced by the surgical types are

unknown.

In this study, we analyzed consecutive RP specimens procured from

either LRP or ORP surgeries and processed uniformly following com-

pletion of the surgeries. The goal of this study is to evaluate the effect

of the two main prostate cancer surgical types on RNA quality and

genome-wide expression profiles.

METHODS AND MATERIALS

Prostate specimen acquisition and processing

Participating subjects were consecutive patients undergoing either

LRP or ORP for prostate cancer at the First Affiliated Hospital of

Nanjing Medical University, China. The study was approved by the

Institutional Review Board. Consents were obtained from the

study subjects to use excess surgical tissues for molecular analysis.

Once extracorporeal, surgical specimens were transported on ice to

a pathologist (ZHZ) within 10 min, and processed for routine

pathological evaluation and frozen tissue harvesting strictly accord-

ing to a tissue-harvesting procedure established at the Johns

Hopkins Hospital (USA).10 Tissue specimens utilized in this study

represent cases qualifying for frozen tissue harvesting from

December 2007 to June 2009. Identical specimen handling and

tissue-harvesting procedures were applied to LRP and ORP speci-

mens. A serial number was assigned to each harvested specimen,

which was stored as two separate optimal cutting temperature com-

pound-embedded blocks at 280 uC. Prior to RNA extraction,

cryosections were prepared from the frozen blocks following patho-

logical examination and block trimming to enrich the tumor con-

tent, if necessary. Samples were not allowed to thaw at anytime

prior to RNA extraction. Total RNA was extracted from 35 speci-

mens (from 35 cases) using a method described previously11 by a

blinded technician and transported on dry ice to Shanghai Clinical

Research Center (Shanghai, China) for RNA analysis and gene

expression profiling. For quantitative reverse transcription (Q-

RT)-PCR validation studies, an independent set of LRP (n58)

and ORP (n58) cases, harvested during the period between

March 2010 and December 2010, were similarly processed for

RNA extraction.

RNA expression microarrays

RNA quality was assessed using the Agilent 2100 Bioanalyzer (Agilent

Technologies, Santa Clara, CA, USA). An RNA integrity number was

assigned to each of the 35 samples. Gene expression profiling

was performed strictly according to the guidelines provided by the

Agilent Whole-Genome Expression Microarray system (Agilent

Technologies). High-quality genome-wide expression data were gen-

erated from 26 RNA samples, including samples from 8 LRP cases, 17

ORP cases and 1 reference RNA sample prepared from a transurethral

resection of the prostate (TURP) specimen of benign prostatic hyper-

plasia (BPH). We used the routine two-color design as described

previously.11 Briefly, each of the 26 RNA samples, including the

TURP-BPH reference sample, was amplified once and labeled with

Cy3, and cohybridized with the TURP-BPH reference sample that was

similarly amplified but labeled with Cy5. For each sample, expression

ratios of Cy3/Cy5 for 44 000 genes/probes constituted the gene

expression profile. Microarray experiments for all 26 samples

passed strict quality control measures recommended by Agilent

Technologies.

Gene expression analysis

Gene expression ratios for each sample were normalized indepen-

dently, using the standard locally weighted least squares regression

procedure. Locally weighted least squares regression normalization

applies a smoothing adjustment that removes intensity-dependent

variation, thus balancing the distribution of expression ratios in

each sample. Briefly, a smoothing curve was fit to a data set within

a sliding window corresponding to 20% of the total number of

genes/probes, following computation of the locally weighted linear

regression. To exclude unreliable data points, a quality control

filter was applied to all genes/probes, generating a list of 15 179

genes/probes meeting the criteria of ‘expression values of at least

1000 in at least four samples’. To determine the expression differ-

ences between LRP and ORP cases, we performed a Volcano plot

analysis using the GeneSpring software (Agilent Technologies).

Volcano plot analysis selects genes based on absolute fold change

Figure 1 Summary of procedural differences between ORP and LRP. Tissue

ischemia probably occurs earlier in LRP cases than in ORP cases as the vascular

pedicles are cut approximately half an hour earlier in LRP than in ORP. In addi-

tion, the resected LRP specimen stays in the abdomen for about half an hour until

completion of the vesicourethral anastomosis, while the ORP specimen is pro-

cessed before the anastomosis is made. Once extracorporeal, the specimens

were transported to a pathologist within 10 min and uniformly processed accord-

ing to established procedures. LRP, laparoscopic radical prostatectomy; ORP,

open radical prostatectomy.

Surgical type and prostate tumor gene expression
J Li et al

709

Asian Journal of Andrology



(FC) value in combination with P values. For P value calculation,

each gene/probe was first assigned an unpaired t score based on

comparison of LRP and ORP. Sample labels (LRP or ORP) were

then randomly permutated 10 000 times to generate empirical

distribution of unpaired t test scores for each gene. For each

gene/probe, the fraction of permutations with test scores greater

than the score from the actual data was defined as the P value. In

gene ontology (GO) analysis, the goal is to identify GO terms with

significant enrichment of genes in the differentially expressed gene

list. We corrected it for multiple testing in GO analysis, and only

GO terms with adjusted P values less than 0.05 were considered to

be significant.

Q-RT-PCR validation

For the independent set of RNA samples extracted from LRP (n58)

and ORP (n58), we carried out standard Q-RT-PCR analysis of three

genes, FOSB (forward primer: 59-GCAACCCACCCTCATCTCTT-

CC-39; reverse primer: 59-CGCCACTGCTGTAGCCACTCAT-39),

JUN (forward primer: 59-ATGGCTACAGTAACCCCAAGAT-39;

reverse primer: 59-GAGGTGAGGAGGTCCGAGTTCT-39) and

ATF3 (forward primer: 59-CTCTGCCACCGGATGTCCTCTG-39;

reverse primer: 59-TCTTTCTCGTCGCCTCTTTTTC-39), with

GAPDH as the control. Briefly, PCR primers were synthesized by

GeneRay Biotech, Shanghai, China. First-strand cDNAs were synthe-

sized by PrimeScript one-step RT-PCR kit (Takara, Dalian, China).

Real-time RT-PCR was performed using the SYBR Green Premix kit

(Takara) in 384-well plates on a 7900 HT Fast Real-Time PCR System

(Applied Biosystems, Foster City, CA, USA). Averaged threshold cycle

numbers from reactions run in triplicate for each gene in each of the 16

samples were used for comparative threshold analysis by normalizing

to GAPDH. The Mann–Whitney U test was used to evaluate expression

differences between LRP (n58) and OPR (n58) samples. Expression

differences were considered significant under P,0.05 (one-sided test).

RESULTS

Clinical and pathological characteristics

The study involved 35 patients treated for prostate cancer either by

LRP (n511) or ORP (n524) consecutively at a single institution.

The median age at the time of surgery was 69 years old. The major-

ity of patients (n519) had urinary symptoms at the time of dia-

gnosis. The median prostate-specific antigen (PSA) prior to surgery

was 20.7 ng ml21. The clinical stages of all patients (n535) were at

or above T2a. Gleason scores ranged from 6 to 9, and tumor

volumes reached at least 1 cm3 in all cases. Following pathological

processing and RNA quality assessment, a subset of harvested speci-

mens did not contain sufficient tumor (80%) or did pass quality

control (RNA integrity number (RIN),6). These specimens

(n510) were included in RNA quality assessment but excluded in

expression studies. Among the cases analyzed for gene expression

differences between LRP (n58) and ORP (n517), there were no

significant differences in PSA, age, Gleason, stage, surgery duration

and estimated volume of blood loss (Table 1).

RNA quality comparison

Total RNA samples prepared from cryosections of fresh frozen LRP

(n511) and ORP (n524) specimens were subjected to analysis using

the Agilent Bioanalyzer. Figure 2a is a representative gel image of the

RNA from three LRP and nine ORP cases. The mean RIN for the LRP

specimens (n511) was 7.6, while the mean RIN for the ORP specimens

was 8.1 (n524) (Figure 2b). RIN distribution was not significantly

different between LRP and ORP cases (P50.915; Mann–Whitney U

test). All RNA samples used in validation studies demonstrated accep-

table quality upon examination by regular gel electrophoresis but were

not evaluated using the RIN method (data not shown).

Gene expression comparison

To minimize the contribution of differential epithelium/stroma

content to gene expression profiles, we focused on the comparison

of LRP (n58) and ORP (n517) specimens with at least 80% tumor

content. A P value was assigned to each of the 15 179 genes/probes

following random permutation analysis comparing LRP and ORP

cases. Notably, the numbers of ‘significant’ genes under each P

value category (row marked with FC all, Table 2) were smaller than

those expected by chance (data not shown), suggesting an overall

small difference in global gene expression between LRP and ORP

specimens. Under this scenario, no differentially expressed genes

between ORP and LRP cases would be detected using the more

stringent false-discovery rates. To overcome this limitation, we used

Table 1 Main clinical and pathological variables for the profiled cases

for gene expression differences

LRP (n58) ORP (n517) P values

Age: median (range), year 63 (30–75) 70 (51–75) .0.05

PSA: mean (s.d.), ng ml21 33.4 (46.1) 16.3 (10.8) .0.05

Gleason score number of cases: .0.05

f7 7 12

o8 1 5

Total surgery time: mean (s.d.), min 209 (64) 173 (41) .0.05

Estimated blood loss: mean (s.d.), ml 838 (800) 1176 (588) .0.05

Abbreviations: LRP, laparoscopic radical prostatectomy; ORP, open radical

prostatectomy; PSA, prostate-specific antigen.

Figure 2 Effect of surgical types on RNA quality. (a) Representative electrophor-

egram of total RNA extracted from three LRP and nine ORP specimens. The RNA

ladder corresponds to size markers as indicated (in bp). Slight shift of the 28- and

18-s bands in the first sample was due to occasional technical errors of the Agilent

Bioanalyzer. (b) Comparison of RIN distribution for total RNA extracted from 11

LRP and 24 OPR specimens. LRP, laparoscopic radical prostatectomy; ORP,

open radical prostatectomy; RIN, RNA integrity number.
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Volcano plot analysis, in which both FC and empirical P values

were considered for gene identification. Using a cutoff of twofold

expression difference and P,0.05, 75 genes/probes were differenti-

ally expressed between ORP and LRP cases (Table 2). This gene/

probe set represented a very small fraction (0.49%) of total genes/

probes (n515 179) assessed. The 75 genes/probes were ranked

according to P values in Figure 3a.

Top-ranked genes in Figure 3a, including FOSB, IER2, JUN,

JUNB, ATF3 and FOS, are known to be involved in acute stress

response and many have been shown to be induced by surgical

manipulation.3–5 Surprisingly, all of these genes demonstrated

lower expression in LRP cases (i.e., upregulated in ORP cases).

The 75-gene signature shown in Figure 3a demonstrated the same

direction of gene expression change, with 67 (89%) demonstrating

higher expression in ORP cases. House-keeping genes commonly

used as control genes in quantitative RT-PCR analysis did not show

differential expression (Figure 3b). These house-keeping genes

included GAPDH, HPRT1 and TFRC, which were previously used

as controls for evaluating expression differences caused by surgical

manipulation,5 as well as SF3A3, an established control gene for Q-

RT-PCR.12

Gene oncology (GO) analysis

GO analysis of the 75 genes presented in Figure 3a identified

two molecular functions, transcription factor activity (GO: 0003700j
0000130) and oxygen transport (GO: 0015671), which were signifi-

cantly enriched (adjusted P,0.05) in the 75-gene signature (Figure 4a

and b). Notably, all of the 11 transcription factors enriched in the

‘transcriptional factor activity’ GO term have well-documented roles

in mediating inflammatory or stress response in the literature.13–18

Three hemoglobin genes (HBA2, HBB and HBD) were enriched in

the ‘oxygen transport’ GO term (Figure 4b). All (100%) differentially

expressed genes enriched in these two GO terms were underexpressed

in LRP cases when compared to ORP cases (i.e., upregulated in ORP

cases) (Figure 4a and 4b).

Cross-confirmation of genes induced by surgical manipulation

The typically longer ischemia time associated with LRP specimens

would predict an opposite direction of gene regulation, i.e., relative

higher expression of stress-response genes in LRP cases. In the

study by Lin et al.,4 surgical manipulation resulted in upregulation

of 62 genes but no gene downregulation. To confirm the direction

and extent of regulation of these genes, we examined top-ranked

surgery-induced genes reported by Lin et al.4 in our data set.

Among the top 10 genes that matched our gene list, all but one

showed upregulation in ORP cases (Figure 4c). These genes

included canonical stress-response genes such as DUSP1, IER2,

JUN and JUNB that were consistently induced by surgical manip-

ulation and warm ischemia.3–5 Therefore, surgery-induced stress-

response gene upregulation was unexpectedly attenuated in LRP

specimens.

Validation in independent samples

To validate the expression differences for stress-response genes, we

performed real-time RT-PCR analysis for FOSB, JUN and ATF3 in

an independent set of RNA samples extracted from LRP (n58) and

ORP cases (n58). With the exception of a few cases (e.g., LRP4 and

LRP7), expression levels followed the general trend of lower

expression in LRP cases (Figure 5) similar to the pattern observed

in expression microarray analysis (Figures 3 and 4). However, the

differences between LRP (n58) and ORP (n58) cases were not

statistically significant (P values ranged from 0.08 to 0.27), possibly

due to small sample size. Although unknown variables may account

for the outlier cases (e.g., LRP4 and LRP7) that did not follow the

general trend, we did not identify such variables among the surgical

and pathological parameters recorded for these cases (data not

shown).

DISCUSSION

In this study, we compared the two primary types of prostate cancer

surgery in relation to their effects on tissue RNA quality and gen-

ome-wide expression profiles. We demonstrated that the LRP pro-

cedure does not compromise RNA quality, and that the expression

alterations between LRP and ORP are limited to a small subset of

stress-response genes, supporting the suitability of LRP specimens

for gene expression analysis. Unexpectedly, this small subset of

stress-response genes, including previously validated ‘surgery-

induced’ genes,3–5 demonstrated consistently lower expression

levels in LRP specimens, a direction of expression change opposite

to what would be predicted of specimens with longer ischemia time.

We attributed this attenuated stress response in LRP specimens to

the effect of CO2 insufflation, raising a tantalizing possibility that

an LRP specimen may be less prone to ‘surgery-induced’ expression

artifacts.

Since RNA integrity is a major concern in gene expression stud-

ies and may be compromised by longer ischemia times (at body

temperature) typically associated with laparoscopic surgeries, the

primary goal of the study was to determine whether prostate tumor

specimens from LRP are suitable for gene expression analysis. We

found that RNA extracted from laparoscopic prostate tumor speci-

mens maintained high quality that was comparable with those

from open surgeries. In addition, although the two surgery types

did result in altered gene transcript levels (to be discussed in detail

below), the effect was limited to a small subset of stress-response

genes. In a few previous studies that did not involve expression

profiling, the quality of total RNA extracted from limited number

of samples was assessed and determined to be adequate for

expression analysis.8,9 Our study provided reassuring evidence

supporting the feasibility of collecting prostate specimens from

laparoscopic surgeries for routine molecular analysis. Underscoring

the importance of this finding, RALRP will likely become a major

source of prostate tumor specimens in the future. Because the

surgical procedure of RALRP is quite similar to traditional

Table 2 Number of genes/probes under different FC and P values cutoffs

P all P,0.05 P,0.02 P,0.01 P,0.005 P,0.001

FC all 15 179 (100%) 461 (3.04%) 117 (0.77%) 44 (0.29%) 23 (0.15%) 5 (0.03%)

FC.1.5 895 (5.90%) 189 (1.25%) 61 (0.40%) 27 (0.18%) 15 (0.10%) 5 (0.03%)

FC.2 225 (1.48%) 75 (0.49%) 32 (0.21%) 18 (0.12%) 12 (0.08%) 5 (0.03%)

FC.3 23 (0.15%) 17 (0.11%) 7 (0.05%) 5 (0.03%) 3 (0.02%) 1 (0.01%)

Abbreviation: FC, fold change.

Surgical type and prostate tumor gene expression
J Li et al

711

Asian Journal of Andrology



non-robotic LRP, and the prostate is handled near-identically, our

results foretell the general reliability of molecular data derived from

RALRP specimens.

We also found that a small subset of mainly stress-response genes,

enriched for those encoding stress-response transcription factors,

oxygen transporters and other genes previously shown to be induced

by surgical manipulation, were predominantly underexpressed in LRP

specimens. Previous studies utilizing smaller microarrays or targeted

candidate genes have largely established that stress-response genes

were induced early during surgery and further increased gradually as

Figure 3 Heatmap of expression differences by surgical type. (a) Heatmap of expression ratios for the 75 genes with at least twofold change and P values less than 0.05

following comparison of LRP and ORP specimens. (b) Heatmap of expression ratios for the four commonly used house-keeping genes. All expression ratios are log-

transformed ratios of the test sample/BPH. Test samples included eight LRP prostate tumor specimens, 17 ORP prostate tumor specimens and the BPH reference

sample itself. The P value, absolute FC and direction of regulation in ORP vs. LRP were provided to the right of the heatmap for each gene/probe. Note that some genes

are represented by more than one probe. BPH, benign prostatic hyperplasia; FC, fold change; LRP, laparoscopic radical prostatectomy; ORP, open radical

prostatectomy.
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a function of ischemia time.3–5 Given that the LRP specimens are

associated with longer ischemia time, one would predict that the

same set of genes would be overexpressed in LRP specimens. The

surprising finding thus cannot be explained by ischemia time.

Another distinction between LRP and ORP is the use of CO2 insuf-

flation during LRP. Hanly et al.19 proposed that CO2-mediated

attenuation of the acute phase response may be the underlying

mechanism of reduced systemic inflammatory response reported

in earlier laparoscopic surgeries.20–22 The immune-modulatory

effect of CO2 is apparently mediated by peritoneal acidosis as acidic

solutions had the same effect.23 Therefore, we speculate that

abdominal CO2 insufflation, rather than reduced tissue trauma,

may account for underexpression of stress-response genes in LRP

specimens compared with ORP specimens.

If the increased expression of surgery-induced stress-response genes

is an artifact, as indicated in previous studies using ORP specimens,3–5

CO2 insufflation may have prevented this artifact from occurring in

the laparoscopic cases. If this notion holds true, LRP specimens may be

more representative of the true state of the tissue biology. The con-

current underexpression of genes encoding transcription factors and

oxygen transporters in LRP cases suggests that while prostate tissues

would normally respond to ischemia by acute increase of their tran-

script levels as observed in open cases, CO2 insufflation blunts this

response. One likely underlying mechanism is that CO2-induced local

acidosis attenuates the surgery-induced stress response in the prostate

during LRP. These in vivo results, however, need to be validated using

in vitro models.

Our study is currently limited by the number of specimens available

for further analysis. The small number of samples may have contrib-

uted to the lack of significant genes following correction of multiple

testing. Therefore, we mainly relied on a less-stringent method

for identification of differentially expressed genes (Figure 3a).

However, GO analysis did find two molecular functions (Figure 4a

and 4b) that are significantly different even after correction of mul-

tiple testing. The cellular origin of the hemoglobin transcripts in the

‘oxygen transporter’ GO term is not known, though induced express-

ion of hemoglobin has been reported in nonerythroid cells such as

macrophages and in the developing prostate.24,25 Validation in a small

set of independent samples was performed. Though the small sample

size may have contributed to the lack of statistically significant differ-

ences (Figure 5), we observed the consistent trend of lower expression

of stress-induced genes in LRP cases. Further validation will await the

availability of more surgical specimens currently being systemically

collected following LRP and ORP. A further potential limitation is

that the prostate cancer cases described in this study, currently rep-

resentative of the patient population in China, presented with more

locally advanced disease than patients in the United States, possibly

due to differences in prostate cancer screening. Further studies are

needed to determine whether LRP or RALRP procedures also attenu-

ate the stress response in earlier stage prostate tumors.

CONCLUSIONS

In summary, laparoscopic procedures alone do not negatively influ-

ence prostate tumor RNA quality. Thus, LRP or RALRP specimens

Figure 4 Expression pattern of genes in two GO terms (a, b) and genes that are induced by surgery as reported in Lin et al.4 (c). (a) Genes/probes under the GO term

‘transcriptional activity’. (b) Genes/probes under the GO term ‘oxygen transport’. (c) Genes/probes corresponding to transcripts that are elevated in response to surgery

as reported by Lin et al.4 As in Figure 3, all expression ratios are log-transformed ratios of the test sample/BPH. Test samples included eight LRP prostate tumor

specimens, 17 ORP prostate tumor specimens and the BPH reference sample itself. The P value, absolute FC and direction of regulation in ORP vs. LRP were provided

to the right of the heatmap for each gene/probe. Note that some genes are represented by more than one probe. BPH, benign prostatic hyperplasia; FC, fold change;

GO, gene ontology; LRP, laparoscopic radical prostatectomy; ORP, open radical prostatectomy.
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should prove adequate for routine molecular analysis. The effect of

laparoscopic surgery on gene expression is limited to a small subset of

mainly stress-response genes that are predominantly underexpressed

in laparoscopic cases in comparison to open cases. These stress-

response genes overlap with previously reported surgery-induced

genes, suggesting that CO2 insufflation during LRP attenuates the

stress response in prostate tissues.
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Figure 5 Real-time RT-PCR validation of expression differences between LRP

and ORP cases. Expression differences of FOSB (a), JUN (b), ATF3 (c) between

LRP (n58) and ORP (n58) cases. d), Expression differences of FOSB, JUN,

ATF3. LRP, laparoscopic radical prostatectomy; ORP, open radical prostatectomy.
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