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Abstract
Purpose—Renal cell carcinoma is the eighth most common cancer in the United States and clear
cell renal carcinoma is the most common type. Many signaling pathways are implicated in clear
cell renal carcinoma development, including the inflammation pathway. However, less is known
about how gene expression variation in this pathway influences clear cell renal carcinoma
development and clinical outcomes.

Materials and Methods—Gene expression in tumor and adjacent normal tissues from 93
patients was detected using a genome-wide expression array. A panel of 661 inflammation related
genes was then analyzed. Differential expression patterns between tumor and normal tissues were
identified. Association with recurrence or survival was evaluated with genes showing significant
association tested further in a validation set of 258 tumors using an independent platform
(quantitative real-time polymerase chain reaction).

Results—We identified 151 genes with at least a two-fold change in gene expression between
adjacent normal tissue and tumor, of which most were up-regulated in tumors. A total of 20 genes
significantly associated with recurrence and/or overall survival were selected for further
validation. In the replication data set high expression of GADD45G was significantly associated
with a 2.09-fold (95% CI 1.08 – 6.14, p = 0.034) increased risk of recurrence while high CARD9,
NCF2 and CIITA expression was significantly associated with a 2.52-fold (95% CI 1.24 –5.12, p
= 0.010), 2.26-fold (95% CI 1.12– 4.58, p = 0.023) and 2.11-fold (95% CI 1.05– 4.27, p = 0.037)
increased risk of death, respectively.

Conclusions—Results suggest that inflammation gene expression may be significant prognostic
biomarkers for the risk of recurrence (GADD45G) and death (CARD9, CIITA and NCF2) in
patients with clear cell renal carcinoma.
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It was estimated that 57,760 new cases of cancer of the kidney and renal pelvis were
diagnosed and 12,980 deaths occurred in 2009, of which most represented RCC.1 RCC is a
heterogeneous group of malignant tumors consisting of various subtypes that are classified
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based on morphological and genetic features. Of these subtypes the clear cell subtype or
ccRCC is most common, accounting for approximately 80% of all renal neoplasms.2 Large
epidemiological studies identified that several factors are associated with the risk of RCC,
including cigarette smoking, chemical agents, obesity, hypertension, antihypertensive
medication and end stage renal disease.3,4

Another known RCC risk factor is chronic inflammation. This has long been known to be
associated with RCC development and progression, as shown by epidemiological and
clinical studies.5,6 However, the detailed transition mechanism from inflammation to cancer
is still unclear. Previously the inflammatory response was thought to help the host against
the developing tumor but recent studies showed that the inflammatory response may
contribute to cancer growth and metastasis.5,6 Cancer and inflammation are complicated
processes under the control of many signal pathways rather than a single one.7,8 In RCC
cases the tumor expression of several inflammation related proteins was noted, such as
cyclooxygenase-2, interleukin-6 and 8, tumor necrosis factor-α and nuclear factor-κB.9–11

However, to our knowledge a systematic, comprehensive assessment of the expression of
inflammation related genes has not been performed. Thus, we used a microarray based
screen to assess the expression patterns of inflammation related genes in ccRCC cases to
determine whether they may have a role in ccRCC development, recurrence and/or overall
survival. We then validated these findings in an independent set of tissues. These results
identify potential biomarkers for ccRCC risk and clinical outcomes.

MATERIALS AND METHODS
Patient Population and Data Collection

For this study patients with ccRCC were recruited from our institution. There were no age,
gender, ethnicity or cancer stage restrictions on recruitment. All patients provided written
informed consent and the study protocol was approved by the M. D. Anderson Cancer
Center institutional review board. Patient demographic variables, tobacco and alcohol use
history, family history of cancer, weight and height to calculate BMI and medical history
were obtained by interview in person. Clinical information was abstracted from the medical
records, including clinical stage, grade, comorbidities, tumor size, pathological stage,
histology, treatment, recurrence, survival and progression.

Tissue Samples
Tumor and adjacent normal tissues for the discovery stage were obtained from 93 newly
diagnosed patients with histologically confirmed ccRCC who underwent partial or radical
nephrectomy. Only those with tumor and normal tissue available were included in analysis.
A set of additional 258 ccRCC tumor samples was used for replication. All tissue samples
were snap frozen in liquid nitrogen immediately after excision and stored at −80C.

RNA Isolation and Microarray Processing
Approximately 20 mg frozen tissue were placed in 100 μl RNAlater®-ICE Frozen Tissue
Transition Solution (Ambion®) at −30C for more than 16 hours to minimize RNA
degradation. Total RNA was isolated using the mirVana™ RNA Isolation Kit according to
standard protocol. Labeled cRNA was synthesized, amplified and purified from 200 ng total
RNA using the Total Prep™ RNA Amplification Kit according to manufacturer
recommendations. Each sample was then hybridized to Human-6 v2 Expression BeadChips
and read using the BeadStation 500 scanner (Illumina®). Array data were quantile
normalized and log2 transformed.
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Inflammation Related Gene Selection
We compiled the genes involved in inflammatory response regulation based on the
WKINFLAM panel12 and the T1Dbase database of inflammation genes
(http://www.t1dbase.org). Predefined canonical pathways and custom built pathways were
generated using the Ingenuity® Pathway Analysis tool. We selected 23 pathways, for
example nuclear factor-κB, cytokine signaling and tumor necrosis factor-α, and 1,546
genes. After excluding genes from further analysis if less than 20% of the 93 samples
showed less than a 1.5-fold difference from the median, 661 inflammatory related genes of
the total of 1,546 had suitable expression above background and sufficient variation among
samples.

Quantitative Real-Time PCR
Genes were selected for validation using quantitative real-time PCR if they were most
significantly associated with recurrence and/or survival in the discovery population. Total
RNA (10 ng) was reverse transcribed using Super-Script™ III and random hexamer primers
(Invitrogen™) according to manufacturer instructions. Real-time quantitative PCR was done
using TaqMan® assays with a 384-well optic plate on the ABI Prism® 7900HT Sequence
Detection System. GAPDH served as an endogenous control to normalize the amount of
RNA input and reverse transcription efficiency. Thermal cycling conditions consisted of 1
cycle for 2 minutes at 50C and 10 minutes at 95C, followed by 40 cycles for 15 seconds at
95C and 1 minute at 60C. The PCR reaction for each sample was done in duplicate. Data
were analyzed by the δ-δ method (2−ΔΔCt) using the equation, ΔΔCt = (Ct gene – Ct gene
average)/(Ct GAPDH = Ct GAPDH average), where Ct represents threshold cycle.

Statistical Analysis
Comparison of patient characteristics between the discovery and validation populations was
analyzed using the Student t, Mann-Whitney or Fisher exact test, as appropriate. For
smoking history patients who had never smoked or had smoked fewer than 100 cigarettes in
a lifetime were considered never smokers while those who had smoked at least 100
cigarettes in a lifetime were considered ever smokers. Differences in gene expression
between tumor and adjacent normal tissues were compared by Student’s t test. Time to
recurrence was defined as the interval between the date of diagnosis and recurrence or last
followup. Recurrence in patients with metastatic stage IV disease was defined as a
secondary metastatic recurrence after treatment. Overall survival duration was defined as the
interval from diagnosis to patient death or last followup. The HR and the corresponding 95%
CI for recurrence and survival end points were estimated by applying the Cox proportional
hazards regression model while adjusting for patient age at diagnosis, gender, BMI, family
history of cancer, race, hypertension, smoking status and stage.

To assess the dose-response trend in the discovery and validation populations we applied a
spline modeling procedure implemented in R, version 2.5 to identify potential cutoffs at
which optimal thresholds to assess dose-response pattern were identified. The association
between individual genes and survival time was estimated by Ka-plan-Meier analysis and
assessed for significance by the log rank test. Kaplan-Meier survival curves were
constructed comparing the survival of patients with ccRCC who had high vs low gene
expression based on the expression level assessed by the spline model. Statistical analysis
was done with Stata®, version 10. All statistical tests were 2-sided with p <0.05 considered
statistically significant.
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RESULTS
Patient Characteristics

Table 1 lists the demographic and clinical characteristics of the 93 patients in the discovery
population and the 258 in the validation population. No significant differences were noted
between the 2 populations in age at diagnosis, BMI, family history of cancer, grade,
recurrence and survival status. The validation population included more men than the
discovery population (p = 0.028). A significant difference in stage distribution between the 2
populations was also evident. The proportion of patients with stage I and IV tumors was
similar but there was an excess of those with stage III disease and fewer with stage II in the
validation population (p = 0.0021).

ccRCC Differential Gene Expression
To identify which genes were differentially expressed in tumor vs adjacent normal tissue we
analyzed 93 pairs of ccRCC tissues in the discovery population using genome-wide
expression microarrays. Of the 661 inflammatory related genes 464 showed significant
differences in expression between tumor and normal samples. A total of 151 genes had at
least a two-fold change in gene expression between normal and tumor samples (fig. 1).
Clustering these significant genes revealed 2 clusters, including 24 down-regulated and 127
up-regulated genes with respect to adjacent normal tissue. These genes differentiated tumor
and normal samples except for the misclassification of 5 normal and 14 tumor tissues.

Recurrence and Overall Survival
Association in discovery population—Using expression microarray data 18
inflammation related genes in the discovery population were significantly associated with
recurrence. These genes showed a dose recurrence trend (p <0.05). Another 7 genes
associated with overall survival showed a dose-death trend (p <0.05, table 2). Two of these
genes, ADORA3 and CARD9, were significantly associated with each clinical outcome.

Six of the 18 genes suggested a protective effect for recurrence risk, including amyloid β
precursor. High expression of this gene was associated with a significant decrease in the
recurrence risk (HR 0.19, 95% CI 0.058–0.64, p = 0.0075). In contrast, the remaining 12
genes with higher expression resulted in an increased recurrence risk. We also noted that
increased gene expression of B-cell linker; CXCL1; superoxide dismutase 2; mucin 1, cell
surface associated; and CARD9 was significantly associated with the risk of recurrence and
shorter recurrence-free survival while other genes were only associated with an increased
risk of recurrence. For example, patients with high CXCL1 expression were at 7.08-fold
increased risk (95% CI 2.01–24.92) than those with low expression (fig. 2, A). This resulted
in a greater than 30-month survival disadvantage from more than 66 months in patients with
low expression to only 34.03 months in those with high expression (log rank test p =
0.00057).

For overall survival high expression of 6 of the 7 genes resulted in a significantly increased
risk of death (4.19 to 21.34-fold). The most significant association was for ADORA3
expression, which resulted in an increased risk of death (HR 21.34, 95% CI 3.97–114.61).
Of these genes associated with increased risk higher NCF2 expression was associated with a
5.87-time increased risk of death (95% CI 1.70–20.26), resulting in significantly worse
survival (log rank test p = 0.012, fig. 2, B).

Validation in independent population—We selected 20 inflammatory related genes
for further study, including 13 for recurrence (B-cell linker; interleukin-8; CXCL1;
complement component 1, r subcomponent; matrix metallopeptidase 9; GADD45G;
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superoxide dismutase 2; mucin 1, cell surface associated; amyloid β precursor; nuclear
receptor subfamily 2, group F, member 1; bone morphogenetic protein 4; kallikrein 1; and
interleukin 10 receptor, α) and 5 for survival (CASP2 and RIPK1 domain containing
adaptor with death domain, NCF2, suppressor of cytokine signaling 1, Epstein-Barr virus
induced 3 and CIITA). ADORA3 and CARD9 were significant for recurrence and overall
survival, and they were selected for validation.

We measured the expression of these candidate genes in an independent population of 258
cases. Of the 15 genes that showed a significant association with recurrence in the discovery
population only GADD45G remained significant in the validation population. High
GADD45G expression was associated with an increased risk of recurrence (HR 2.09, 95%
CI 1.06–4.14, p = 0.034). In the context of overall survival CARD9, NCF2 and CIITA
remained significant in the validation population. The effect of these 3 genes was even more
dramatic in patients with higher gene expression than in those with low gene expression,
resulting in a 2.52-fold (95% CI 1.24 –5.12, p = 0.010), 2.26-fold (95% CI 1.12– 4.58, p =
0.023) and 2.11-fold (95% CI 1.05– 4.27, p = 0.037) increased risk of death for CARD9,
NCF2 and CIITA, respectively.

DISCUSSION
Studies have demonstrated that the expression patterns of inflammatory related genes are
associated with ccRCC.13,14 However, most of these studies focused on only a few genes
and on differential gene expression between normal and tumor tissue with far less published
information on the effect of expression differences among inflammation related genes and
clinical outcomes. In this study we used a comprehensive approach to investigate the
differential expression of inflammation related genes between ccRCC tumors and adjacent
normal as well as the association between expression and clinical outcome. Candidate genes
for overall survival and recurrence were analyzed in a large independent population to
validate findings in the discovery population. To our knowledge this is the first
comprehensive analysis of the role of inflammation related gene expression in terms of
ccRCC development and clinical outcome.

A total of 151 inflammation genes were differentially expressed between tumor and adjacent
normal tissues. Several of these genes were previously noted to have altered expression in
cancer, suggesting a role for them in ccRCC tumorigenesis. Pathway analysis revealed that
down-regulated genes were mainly involved in complement and coagulation cascades
(serpin peptidase inhibitor, clade A [α-1 anti-proteinase, antitrypsin], member 1;
plasminogen activator, tissue; plasminogen; kininogen 1; and complement component 7),
and in the calcium signaling pathway (calmodulin, phosphodiesterase 1, G-protein coupled
receptor and protein tyrosinekinase). A previous group noted that plasminogen showed
decreased expression in several ovarian tumor derived cell lines and primary tumor
samples.15 Another down-regulated gene, cysteinyl-tRNA synthetase, encodes for a calcium
sensing receptor, which was also strongly down-regulated in a proportion of parathyroid
carcinomas with a high proliferation index.16 This result suggested that alteration in
cysteinyl-tRNA synthetase expression might have a role in cell proliferation and possibly in
carcinogenesis.

A subset of the 127 inflammatory related genes with increased expression in ccRCC tumor
tissue is involved in antigen processing and presentation, the chemokine signaling pathway
and other cancer related pathways. The human leukocyte antigen MHC II, DR α was highly
differentially expressed. This protein functions in antigen presentation and immune
activation. Our result was consistent with that in other reports of MHC II, DR α expression
in colon cancer17 and hepatocellular carcinoma18 cases. Rasrelated C3 botulinum toxin
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substrate 2 also had higher expression in ccRCC tumors than in normal tissue. A similar
change was found in prostate cancer.19 The consistency of the results of our studies and
those of other cancer sites provides support that these genes are involved in ccRCC
development and may provide information on the mechanisms responsible.

Of the 15 genes selected as the most significant candidates associated with recurrence only
GADD45G expression was validated in an independent large population. GADD45G is a
signal transducer involved in the regulation of many cellular functions, such as growth
arrest, differentiation, cell survival and apoptosis. GADD45G is deficient in a number of
cancers, for example hepatocellular20 and prostate21 carcinoma. However, to our knowledge
no correlation has previously been reported between GADD45G expression and clinical
outcome. In our study statistical analysis revealed that high GADD45G expression
correlated significantly with an increased risk of recurrence. Since the accumulation of DNA
damage leads to carcinogenesis, the increased GADD45G expression associated with
functional defects or abnormal transcriptional regulation may also have a major influence on
cell growth. This suggests that GADD45G might be a useful biomarker to predict ccRCC
recurrence.

Of the 7 genes identified as promising candidates in our discovery data set the modulating
effects of variations in CARD9, NCF2 and CIITA expression on survival were confirmed in
the validation population. CARD9 is an apoptosis inducing gene involved in inflammation
and immune activation.22 CARD9 over expression is presumably associated with the
development or progression of gastric B-cell lymphoma.23 However, to our knowledge no
group has previously evaluated the correlation between CARD9 expression and clinical
outcome. We found that high CARD9 expression was associated with an increased risk of
death. CARD9 over expression might activate immune responses, leading to catastrophic
reactions.

The gene encoding NCF2 is actively transcribed after the promyelocyte stage of
myelopoiesis and transcription continues until cell death.24 Previously groups evaluated the
association of NCF2 polymorphisms and cancer risk.25,26 We found that increased NCF2
expression was associated with a significantly increased risk of death from cancer. NCF2 is
known to be involved in reactive oxygen species metabolism. Thus, it is reasonable to
believe that NCF2 over expression might lead to the dysregulation of reactive oxygen
species metabolism.

CIITA is an important regulator of MHC II transcription in human T-cell lines and in patient
tumor samples.27 The transcription of MHC II genes is tightly regulated by CIITA in
healthy B cells with dysregulation of CIITA observed in tumors.18 Our results indicate that
high CIITA expression is associated with an increased risk of death. CIITA over expression
induces MHC II transcription in tumors involved in the immune response, resulting in an
increased inflammatory state that contributes to cancer progression.

To our knowledge this is the first report showing a strong association of CARD9, NCF2 and
CIITA expression with survival in patients with ccRCC. The specific roles of these genes in
the context of ccRCC would be worth further study.

The expression patterns of several genes were significantly associated with the clinical
outcome in the discovery population but they did not show the same effect in the validation
population. Microarray based expression analysis is hindered by numerous false-positive
findings due to the large number of genes that are simultaneously analyzed for expression.
This characteristic of microarrays makes it essential to replicate any findings in a large, well
matched, independent population using a different platform. A real strength of our study is
the availability of such a patient population in which to replicate our microarray based
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findings from the discovery population using quantitative real-time PCR to exclude that the
associations were due to chance. This difference in the platforms used to assess expression
in the samples may also have contributed to the differences observed in the HRs between the
discovery and validation populations. We further adjusted for several known factors
associated with ccRCC risk and outcome to remove any potentially confounding effects
from analysis, strengthening the likelihood that our findings of an association with overall
survival are not artifacts.

CONCLUSIONS
We performed microarray expression analysis of 93 pairs of ccRCC tissues. We identified
inflammation related genes associated with cancer development by comparing differences
between tumor and adjacent normal tissues, and we also identified candidate genes for
overall survival and recurrence risk. Validation of the clinical outcome analysis in a larger
patient population implicated GADD45G as an indicator of recurrence, and CARD9, NCF2
and CIITA as modulators of overall survival. These 4 genes represent potential candidate
biomarkers to predict the outcome in patients with ccRCC.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

ADORA3 adenosine A3 receptor

BMI body mass index

CARD9 caspase recruitment domain family, member 9

ccRCC clear cell RCC

CIITA major histocompatibility complex, class II transactivators

CXCL1 chemokine C-X-C ligand 1

GADD45G growth arrest and DNA-damage-inducible, γ

GAPDH glyceraldehyde-3-phosphate dehydrogenase

MHC major histocompatibility complex

NCF2 neutrophil cytosolic factor 2

PCR polymerase chain reaction

RCC renal cell carcinoma
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Figure 1.
Expression profile of 151 highly significant genes with at least 2-fold change between 93
pairs of tumor and adjacent normal tissues.
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Figure 2.
Recurrence-free and overall survival by inflammation related gene expression in discovery
population. A, CXCL1 effect on recurrence. B, NCF2 effect on overall survival. N, number
of events/total number of patients. MST, median event-free survival.
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Table 1

Patient characteristics

Discovery* Validation* p Value

No. pts 93 258

Mean ± SD age 59.1 ± 10.3 59.8 ± 10.6 0.59

No. gender (%): 0.028

 F 39 (41.94) 75 (29.07)

 M 54 (58.06) 183 (70.93)

Mean ± SD BMI (kg/m2) 30.7 ± 6.5 30.4 ± 6.5 0.74

No. smoking (%): 0.28

 Never 49 (52.69) 118 (46.46)

 Former 28 (30.11) 100 (39.37)

 Current 16 (17.20) 36 (14.17)

No. hypertension history (%): 0.81

 Yes 52 (55.91) 139 (53.88)

 No 41 (44.09) 119 (46.12)

No. Ca family history (%): 0.057

 Yes 53 (56.99) 176 (68.22)

 No 40 (43.01) 82 (31.78)

No. stage (%): 0.0021

 I 45 (48.39) 104 (40.63)

 II 18 (19.35) 20 (7.81)

 III 16 (17.20) 84 (32.81)

 IV 14 (15.05) 48 (18.75)

No. grade (%): 0.96

 1 24 (25.81) 69 (26.96)

 2 53 (56.99) 140 (54.69)

 3 16 (17.20) 47 (18.36)

No. recurrence (%): 0.65

 Yes 21 (29.17) 61 (26.29)

 No 51 (70.83) 171 (73.71)

No. death (%): 0.89

 Yes 21 (22.83) 57 (22.09)

 No 71 (77.17) 201 (77.91)

*
Some categories do not total 100% due to missing values.
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Table 2

Association of inflammation related genes with overall survival in discovery population using expression
microarrays

Gene Expression

No. Death (%)

HR (95% CI)* p ValueNo Yes

ADORA3:† 0.00036

 Low 55 (77.46) 14 (66.67) 1 (referent)

 High 16 (22.54) 7 (33.33) 21.34 (3.97–114.61)

CARD9:† 0.0026

 Low 51 (71.83) 10 (47.62) 1 (referent)

 High 20 (28.17) 11 (52.38) 7.11 (1.98–25.49)

CASP2 + RIPK1 domain containing adaptor with death domain: 0.0050

 Low 34 (47.89) 14 (66.67) 1 (referent)

 High 37 (52.11) 7 (33.33) 0.14 (0.036–0.56)

NCF2: 0.0051

 Low 41 (57.75) 7 (33.33) 1 (referent)

 High 30 (42.25) 14 (66.67) 5.87 (1.70–20.26)

Suppressor of cytokine signaling 1: 0.0075

 Low 56 (78.87) 13 (61.90) 1 (referent)

 High 15 (21.13) 8 (38.10) 4.98 (1.54–16.13)

Epstein-Barr virus induced 3: 0.017

 Low 38 (53.52) 8 (38.10) 1 (referent)

 High 33 (46.48) 13 (61.90) 4.40 (1.30–14.87)

CIITA: 0.021

 Low 62 (87.32) 15 (71.43) 1 (referent)

 High 9 (12.68) 6 (28.57) 4.19 (1.24–14.14)

*
Adjusted for age at diagnosis, gender, BMI, family history of cancer, race, hypertension, smoking status and stage.

†
Also significant for recurrence.
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