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Abstract
Background—We sought to validate global microarray results indicating the differential
expression of 383 genes in Peripheral Blood Mononuclear Cells (PBMCs) from patients with
pancreatic cancer (PC) and to further evaluate their PC diagnostic potential.

Methods and materials—In total, 177 patients were recruited (47 healthy controls (HC), 35 CP
patients, and 95 PC patients). PBMC expressions of six genes from our previous study (ANXA3,
ARG1, CA5B, F5, SSBP2, and TBC1D8) along with four new genes (MIC1, NGAL, MUC1, and
MUC16) were analyzed using multiplex Q-RT PCR.

Results—Differential expressions of 5 of the 6 genes previously identified by PBMC microarray
were validated in this study. Multivariate models for PBMC gene expression were attempted to
determine if any combination was diagnostically superior to CA19-9 alone. We found that
addition of PBMC CA5B, F5, SSBP2, and MIC1 expression levels to CA19-9 significantly
improved CA19-9’s diagnostic abilities when comparing resectable PC to CP patients (p = 0.023).

Conclusions—Results of our previous study were validated, indicating reproducibility of PC-
associated PBMC expression profiling. We identified a score-based model that can differentiate
resectable PC from CP better than CA19-9, potentiating that PBMC differential expression
analysis may offer a novel tool for early PC diagnosis.
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1. Introduction
Though the incidence of pancreatic cancer (PC) is relatively low compared to other cancers,
comprising only 2–3% of cancer diagnoses, it is the fourth leading cause of cancer death. It
has a 5-year survival rate of only 5% and a median survival from the time of diagnosis
ranging between 3 and 6 months [1]. This poor prognosis is largely a result of the lack of an
effective early detection method. Currently tumor resection is the only treatment that offers
reasonable hope for a cure though PC is often asymptomatic in the early stages, evading
detection until it is advanced beyond resectability. It is estimated that only 8% of PC cases
are diagnosed with tumors localized to the pancreas, while only 15–20% are considered
resectable [2]. For the remaining 80–85% of PC patients whose tumors are not resectable,
clinical treatment is confined to largely ineffective chemo and radiotherapy that do little to
extend patient life [3,4]. Consequently, improving clinical ability for the early detection of
PC, thus allowing for increased rates of resection, has significant hope to improve the
prognosis for this highly lethal disease.

Designing an early diagnostic test for PC however, presents a particular challenge owing to
the relative rarity of the disease and its subclinical nature in initial stages. As such, any early
diagnostic test will be accomplished via a screening mechanism, necessitating high enough
sensitivity to detect most cases of PC while simultaneously having high specificity to reduce
the significant risk of false positive results for clinical viability. High specificity alone,
however, cannot overcome the unacceptably high ratio of false-positive/true-positive results
of such a screening test if used in the general population, thus indicating the need for high-
risk populations in which screening can be made practical due to increased PC incidence.

Currently, one of the few populations considered at high risk for PC is patients with chronic
pancreatitis (CP). It is well accepted that CP serves as a significant risk factor for the
development of PC, with CP patients having up to a 26 fold increase in risk of subsequent
PC diagnosis as compared to the general population [5–11]. Given the increased incidence
of PC in CP patients and the relatively low incidence of CP, estimated to affect 0.04–5% of
the general population [12], this group provides a manageable subpopulation in which to
screen for PC. Another important consideration in the differentiation of PC from CP is that
often these two pathologies present with similar radiographic and clinical symptoms, such as
epigastric pain, weight loss, and jaundice, making PC the primary diagnosis that must be
ruled out in a CP differential diagnosis and further adding to the need for a test that can
distinguish between the two diagnoses.

CA19-9 is currently the only marker approved by the FDA for use in PC. However, while
CA19-9 is useful as a marker of disease burden, its lacks both sensitivity and specificity
(approximately 80% and 73% respectively) as a diagnostic marker [13–18]. Nonetheless, it
remains the gold standard against which every potential biomarker is compared. Thus, there
is great clinical need for novel markers for the early diagnosis of PC.

One promising avenue for establishing such a marker is through the analysis of peripheral
blood mononuclear cells (PBMCs). PBMCs comprise circulating mononuclear cells,
including monocytes, T-cells, B-cells, and natural killer (NK) cells and have emerged in
recent years as surrogate markers of several diseases including inflammatory (e.g.
preeclampsia and rheumatoid arthritis) and malignant (chronic lymphocytic leukemia and
renal cell carcinoma) diseases [4,19–22]. Our previous work has also suggested the
diagnostic utility of PBMCs in the early detection of PC. PBMC expression is particularly
promising in early PC detection as the differential expression of these cells may appear as
soon as cancer immunogenicity or immune evasion is established, both of which have been
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shown to occur as early as preneoplastic PC [23,24]. As PBMCs act as the immune system’s
first line of defense against cancer, using them as surrogate markers of PC may allow for
earlier detection and would not be dependent on the presence of substantial tumor burden,
which is a primary limitation of many current biomarkers.

Our previous study showed 383 genes to be differentially expressed in the PBMCs of PC
patients as compared to those of healthy controls, with 65 having at least a 1.5 fold change
in expression [23]. Furthermore we identified an eight-gene predictor set which could
distinguish PC patients from healthy controls with a sensitivity of 83% and a specificity of
75%. As our previous study had a limited patient population, the present study attempted to
validate and improve the clinical adaptability of these changes in PBMC gene expression for
six genes chosen from the original microarray results (ANXA 3, ARG 1, SSBP2, CA5B, F5,
and TBC1D8) as well as four other genes of interest based on previous studies (MIC1 [25–
27], NGAL [28, 29] MUC1 [25,30,31], and MUC16 [32,33]) in a larger patient population
using a multiplex PCR assay design. In addition, we determined how the expressions of
these genes change as the cancer develops by comparing normal controls to both early stage
(resectable) and late stage (nonresectable) PC patients. We also evaluated the potential
diagnostic utility of this differential gene expression in both healthy individuals and in
chronic pancreatitis (CP) patients, as compared to CA19-9, thus further determining the
likely diagnostic utility of PBMC expression profiling in PC as well as if different single
gene or combination tests will need to be developed for PC diagnosis across various
pathological backgrounds.

The results of our study validated the differential expression of 5 of the 6 genes analyzed
from our previous work. Additionally, our analysis indicates that the best genes for
differentiating PC from HC patients are ARG1, which was found to be upregulated in PC (p
= 0.014), and F5, which was found to be downregulated in PC (p = 0.036), while ARG1 (p =
0.043), CA5B (p = 0.0016), F5 (p = 0.0042), MIC1 (p = 0.044), and SSBP2 (p = 0.0053)
were best for distinguishing PC from CP. Multivariate models for PBMC gene expression
both independent of and in conjunction with plasma CA19-9 levels were attempted to
determine if any combination was diagnostically superior to CA19-9 alone. We found that
addition of PBMC CA5B, F5, SSBP2, and MIC-1 expression levels to CA19-9 significantly
improved the diagnostic abilities of CA19-9 when comparing resectable PC to CP patients
(AUC = 0.82 vs. 0.70 respectively, p = 0.023).

2. Materials and methods
2.1. Study population

The study of blood-based biomarkers in PC was approved by the Institutional Review Board
(IRB) at the University of Pittsburgh Medical Center (UPMC) (IRB number 491-97-EP) in
conjunction with Dr. Randall Brand, M.D. Written informed consent was obtained from all
patients and controls before enrollment into the study. Upon collection, samples were
shipped by overnight mail to the University of Nebraska Medical Center (UNMC) for
processing. After processing samples were coded to blind those conducting the gene
expression analysis to diagnosis and stage. All sample analysis was completed at UNMC.
For this study, 35 CP patients, 47 healthy controls, 48 early, resectable (stage 1 or 2) PC
patients, and 47 late, unresectable (stage 3 or 4) patients were recruited. In order to attain a
power of 0.80 with a type-1 error (α) of 0.1, a sample size of 34 patients per group is
required for detection of ≤ 1.5-fold differences in gene expression levels.

The diagnoses of PC and CP were made as per standard clinical practice. All PC samples
were obtained pre-treatment. PC staging was either surgical based on operative pathology or
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biopsy of metastatic disease or clinical based on results of radiographic imaging studies. All
patient demographic information can be found in Table 1.

2.2. Isolation of total RNA from PBMCs
Upon sample arrival at UNMC, PBMCs were isolated from the whole blood using the
PharmLyse RBC lysis solution (BS, San Jose, CA) according to the manufacturer’s
instructions. Total RNA was extracted using the Qiagen RNAeasy RNA isolation kit
(QIAGEN, Valencia, CA, USA) and then converted to cDNA using the SuperScript II
cDNA synthesis kit (Invitrogen, Carlsbad, CA) according to a previously published protocol
[34].

2.3. Q-RT PCR analysis of select gene expression
Samples were analyzed using quantitative real time PCR (Q-RT PCR) for gene expression
using multiplexed Taqman based chemistry and normalized to β-actin. Six of the genes
(ANXA3, ARG1, CA5B, F5, SSBP2, and TBC1D8) from our previous study’s 8 gene
predictor set as well as MUC1, MUC16, NGAL, and MIC1 were analyzed. Multiplexing
was performed for 2 genes at a time, consisting of β-actin (using the Cy5 fluorophore) and a
gene of interest (using the FAM fluorophore). Quenching was accomplished for all probes
via BHQ. The primers and probes (Integrated DNA Technologies) used in this study can be
found in Supplementary Table 1. Fold-change in gene expression was determined using the
2−ΔΔCt method using human reference RNA (Agilent Stratagene Products, Cedar Creek,
TX) as a standard.

2.4. CA19-9 radioimmunoassay assay
CA 19-9 antigen concentration was determined by a solid phase radioimmunoassay
(Centocor, Malvern, PA, USA), using the manufacturers recommendation. All samples were
analyzed in duplicate and the quantities of CA 19-9 were expressed in arbitrary units (U/ml)
where one unit activity corresponds to approximately 0.8 ng of purified antigenic protein for
CA 19-9 in a solid phase radioimmunoassay [35].

2.5. Statistical analysis
Interplate and intraplate variation were calculated using the coefficient of variance (CV =
where = standard deviation and μ = mean). Due to the skewed nature inherent to the results
of biomarker studies, all data was log-transformed prior to analysis. For ease of
interpretation, all data presented is reverse-log-transformed with all values reported in
Relative Expression Units (REU), defined as PBMC expression levels normalized to
expression levels found in the employed universal human reference, unless otherwise stated.
Samples were analyzed for statistically significant differences (p ≤ 0.05) between groups
using ANOVA models, with Tukey’s adjustment for pairwise comparisons. As detection of
early-stage PC is of greater consequence than late-stage disease, the ability of genes to
distinguish between early PC and the two control groups (CP and healthy controls) was
determined through cutoffs, derived through analysis of the Area Under the Curve (AUC)
using Receiver Operating Characteristic (ROC) curve analysis, using a fixed specificity of
80% due to the fact that specificity is of greater importance than sensitivity for PC
diagnostic biomarkers. Multivariate models were fit comparing resectable PC to both CP
and healthy controls, with differentiating abilities compared to CA19-9 alone based on ROC
curve analyses. For demographic information, age was compared between the 4 groups
using an ANOVA model while race and gender distributions were compared between the
groups using chi-square tests, with Fisher’s exact tests utilized for small sample size
situations. SAS software Version 9.2 (SAS Institute Inc., Cary, NC) was used for all data
analysis.
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3. Results
3.1. Differential expression of genes in PBMCs of pancreatic cancer patients

A total of 177 samples were analyzed comprised of 95 (53%) pancreatic cancer (PC), 35
(20%) chronic pancreatitis (CP), and 47 (27%) healthy control (HC) patients. Of the
analyzed PC patients, 48 (27%) were diagnosed with resectable disease (early PC, EPC) and
47 (26%) were diagnosed as unresectable (late PC, LPC). All analyzed demographic
variables, consisting of age, gender, and race, were found to differ significantly between the
groups (Table 1). Patients in the EPC and LPC groups were significantly older than those in
the HC and CP groups (p < 0.001). Neither EPC and LPC ages nor HC and CP differed
significantly. Race distribution was marginally different between the groups, with EPC and
LPC groups having all Caucasian members. The HC group was also found to have a
significantly larger proportion of females than the CP and LPC groups (both p < 0.05), while
no other pairwise comparisons showed differences in gender.

For our multiplex Q-RT PCR assay, a total of 10 genes were selected for analysis. Six
(60%)were genes found in our earlier study to be significantly altered in expression in
PBMCs of PC patients compared to healthy controls. Four (MUC1, MUC16, MIC1, and
NGAL) were selected based on previous reports of their differential upregulation in PC
tissues compared to normal pancreata. After normalization, we found four genes to be
qualitatively downregulated (CA5B, F5, MIC1, and SSBP2) and six to be qualitatively
upregulated (ANXA3, ARG1, MUC1, MUC16, NGAL, and TBC1D8) in PC patients as
compared to healthy controls (Table 2). Upon subdividing the PC population into early
(Stage 1–2) and late (Stage 3–4) disease, we found that PBMC gene expression levels
generally decreased from healthy controls to early PC patients (ANXA3, CA5B, F5, SSBP2,
TDC1D8, and MIC1). Further, gene expression levels were generally found to increase with
PC progression; with ANXA3, ARG1, F5, TBC1D8, MIC1, MUC1, and MUC16 all being
expressed to a greater extent in LPC than EPC. Despite these observed trends, alteration of
gene expression varied significantly with PC disease progression for F5 only (p = 0.028);
whereas the trend remained non-significant for the other genes examined (p > 0.05).

Additionally, we also found that eight genes were upregulated in CP as compared to healthy
controls (ANXA3, ARG1, CA5B, F5, SSBP2, NGAL, MIC1, and MUC16). Likewise seven
genes (ANXA3, CA5B, F5, MIC1, MUC16, NGAL, and SSBP2) were expressed at higher
levels in CP as compared to early PC while CP patients were found to express levels of 5
genes (F5, SSBP2, NGAL,MIC1, and MUC16) greater than those found in late PC (Table
3). Importantly, the intraplate and interplate coefficients of variation were found to be 7.58 ×
10−4 and 1.07 × 10−2 respectively, indicating the reliability of our results.

Based on ANOVA analyses, ARG1 and F5 showed the best abilities to differentiate early
PC, late PC, and healthy control groups, having p-values of 0.014 and 0.036, respectively.
Better differentiation abilities were observed for PBMCs in early PC, late PC, and CP
groups, with ARG1 (p = 0.043), CA5B (p = 0.002), F5 (p = 0.004), SSBP2 (p = 0.005), and
MIC1 (0.044) all showing significant differential expressions. Additionally, differential
expression of marginal significance was observed for TBC1D8 between these groups (p =
0.073) (Table 3).

3.2. Diagnostic potential of individual genes comparing EPC patients to healthy and CP
controls

As differentiation of early PC from control groups is of the greatest consequence for
diagnostic purposes, diagnostic abilities were analyzed in this group as compared to the
healthy controls. Since specificity is of greater importance than sensitivity in PC diagnostic
testing due to the relative rarity of the disease and significant psychological, financial, and
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physical consequence of false-positive diagnoses, individual cutoffs for each gene were
designed based on a specificity ≥ 80%.

Using these criteria, none of the examined genes appeared individually promising for the
differentiation of EPC from healthy controls, with AUCs consistently less than 0.60 (range =
0.503–0.584) (Table 4). Improved differentiation abilities of PBMC genetic expressions was
observed, however, when comparing EPC to CP patients (AUCs = 0.517–0.700) (Table 5).
Interestingly, CA5B was the most effective individual gene for differentiating EPC from
both healthy and CP patients, giving AUC(SE)s of 0.584 (0.063) and 0.700 (0.066) with a
sensitivities of 20.8% and 47.9% at its optimal cutoffs. F5 was found to provide the best
sensitivity in comparing EPC to CP patients (61.7%), with an AUC(SE) similar to that of
CA5B (0.678 (0.067)).

3.3. Combination testing is superior to CA19-9 alone in the differentiation of early PC from
CP

While PBMC expression profiling is highly promising for PC diagnostics in theory, the
complexities of the immune system and the immune-neoplastic interaction make it unlikely
that the monitoring of any single gene will provide any diagnostic benefit. This observation,
further highlighted by the above results, necessitates the consideration of PBMC genetic
expression levels for PC diagnosis as a combination test consisting of multiple genes either
with or without other PC surrogate biomarkers. Towards these ends, multivariate analyses
were performed to determine the odds ratios (OR) of a PC diagnosis using the given
univariate-derived cutoffs for the best 4 (by AUC) in comparing early PC to the CP and
healthy controls (Tables 4 and 5). Additionally, plasma levels of CA19-9 were analyzed for
each sample and AUCs and ORs were calculated for comparing the patient groups. ORs for
the genes and CA19-9 were then rounded to the nearest whole number and combined into a
score-based formula for early PC diagnosis and compared to the gold-standard CA19-9
alone based on AUC.

For differentiating early PC from healthy controls, the 4 genes with the highest AUCs based
on univariate analysis were MIC1 (0.574), ARG1 (0.567), F5 (0.561), and CA5B (0.584).
Upon multivariate analysis, the ORs for these genes were found to be 1.253, 1.638, 1.949,
and 0.914 respectively. In comparison, CA19-9 was found to have an AUC of 0.719 with an
OR of 8.565 at a cutoff (to provide 80% specificity) of 61.7 U/mL. From this, the following
formula was constructed:

Score (early PC vs. healthy Controls) = 1*(MIC1 < 12.17 REU) + 2*(ARG1 ≥ 9.32 REU) +
2*(F5 < 2.43 REU) + 1*(CA5B < 0.39 REU) + 9*(CA19-9 ≥ 61.7 U/mL) with a score
calculated such that if MIC1 < 12.2 then assign 1 point, otherwise 0; if ARG1 ≥ 9.32 assign
2 points, otherwise 0; if F5 < 2.43 assign 2 points, otherwise 0; etc. Then add up the total
points assigned for each biomarker to determine the total score for a patient. If the total
score is found to be ≤ 4, a diagnosis of healthy control is predicted, but if the total score > 4
then we predict the patient has early PC. For ease of reporting, we have termed this
combination test “Panel A”.

Considering both the total score and CA19-9 as continuous variables, the AUC for the total
score model was found to be 0.772 (95% CI: 0.68–0.87),which was not found to be
significantly greater than the AUC for CA19-9 alone (AUC diff = 0.053, 95% CI: −0.02 to
0.13, p = 0.17) (Fig. 1, Table 6).

Multi-gene testing for differentiating early PC from CP yielded more promising results.
Multivariate analysis of the best 4 genes (AUC) based on univariate analysis, CA5B (0.700),
F5 (0.678), SSBP2 (0.685), and MIC1 (0.640), were found to give ORs of 2.19, 3.38, 2.56,
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and 1.78, respectively. Comparatively, the AUC for CA19-9 was found to be 0.704 with an
OR of 5.66 at a cutoff of > 74.0 U/mL. Using these ORs, the formula:

Score (early PC vs. CP) = 2*(CA5B ≤ 1.43 REU) + 3*(F5 ≤ 9.99 REU) + 3*(SSBP2 ≤ 0.17
REU) + 2*(MIC1 ≤ 12.82 REU) + 6*(CA19-9 > 74.0 U/mL) was made, with a total score of
≤ 6 resulting in a predicted diagnosis of CP, while a total score > 6 leads to a prediction of a
early PC diagnosis. We have termed this combination test “Panel B”. The AUC for this
formula was found to be 0.820 (95% CI: 0.73–0.91), a significant improvement over
CA19-9 alone (AUC diff = 0.116, 95% CI: 0.016 to 0.220, p = 0.023) (Fig. 1). As further
illustration of the superiority of this PBMC expression/CA19-9 combination test over
CA19-9 alone, sensitivity and specificity were calculated for each using the designed test
cutoff values. The combination test was able to improve all aspects of early PC diagnosis in
the context of CP, providing a 2% increase in sensitivity (67% vs. 65%) and a 3% increase
in specificity (83% vs. 80%) over CA19-9 alone (Table 6).

3.4. Validation of previous results
A unique feature of this study is the fact that we used a set of patient PBMC samples unique
from those previously studied to validate the results of our previous report [23]. Six of the
genes from our previously established 8-gene predictor set were chosen for validation by Q-
RT PCR in this expanded population. The mean fold-change in expression for five of the
genes (ANXA3, ARG1, CA5B, SSBP2, and TBC1D8) was in the same direction as the
previous study when comparing the entire population of PC patients to normal controls.
When the PC population was restricted to nonresectable patients, as was the case for the
majority (29/35) of samples analyzed in our original study, the median fold expression
change for all six of the genes was in the same direction as found in the previous study,
strengthening the validity of our earlier results (Table 2).

4. Discussion
Several recent studies have demonstrated that gene expression in PBMCs is altered in the
context of malignancy [4,19–23,36,37]. A differential gene expression profile in the PBMCs
of PC patients was first reported by Huang et al. in their study using microarray and Q-RT
PCR validation to identify 48 differentially expressed genes as potential biomarkers for
differentiating newly diagnosed diabetic patients with PC from diabetic patients without PC.
These results, showing PBMC gene expression alterations, were further bolstered by
research conducted in our lab demonstrating that 383 genes are differentially expressed
between PC patients and healthy controls. Further, we developed an eight gene predictor set
comprised of SSBP2, Ube2b-rs1, CA5B, F5, TBC1D8, ANXA3, ARG1, and ADAMTS20
that could distinguish between PC and HCs with a sensitivity and specificity of 83% and
75% respectively. However, this initial study was conducted using the SYBR green method
employing a standard human reference RNA. This method however is difficult to employ
clinically for several reasons. The most important is the difficulty in maintaining a stable,
large stock of the same human reference RNA for multiple centers for repeated use.

To overcome this problem, we investigated in this study the use of absolute quantification
methods employing TaqMan chemistry to develop a practically applicable set of genes that
can be employed as an adjunct in the diagnosis of PC patients. We found that CA5B, one of
the eight genes in the original predictor set could distinguish early PC patients from both CP
and HC patients with the highest accuracy (based on AUC). Further, a mathematical model
developed from the gene combination was found to be better at differentiating resectable PC
from CP than CA19-9. Additionally, the present study validated five genes (ANXA3,
ARG1, CA5B, SSBP2, and TBC1D8) found to be differentially expressed between PC
patients and healthy controls from our previous work. Importantly however, our previous
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study did not distinguish between early and late PC, containing only 6 of 35 patients with an
early PC diagnosis. When the differential expression compared to healthy controls was
limited to only include late PC patients, the five previously listed genes as well as F5 were
found to be differentially expressed in a similar manner to that found in the previous study,
providing a 100% validation of results. This consistency in differential expression across an
expanded patient population and multiple testing platforms adds significant credence to
PBMC transcriptional profiling as a valid diagnostic option in PC.

The early diagnostic potential of PBMC differential gene expression is theoretically quite
high when it is considered that the two mechanisms most likely responsible for the observed
differential expression are the immune system’s recognition of the cancer and the evasion of
the immune system by the cancer. As immune system evasion has been shown to occur as
early as pre-malignant disease in PC, differential PBMC expression may also occur in this
early, resectable stage posing a significant advantage over current biomarkers, such as
CA19-9, whose concentrations are dependent on tumor burden [24]. Further, this likelihood
of detectable changes in early disease provides theoretical superiority to currently available
PC imaging techniques which often fail to detect small or premalignant lesions and though
which it is difficult to differentiate PC from CP-induced pancreatic masses. Substantiation of
this premise is bolstered by our observation that PBMC differential expression is detectable
in early stage PC patients.

As it is not clinically practical to screen the entire population for early detection of PC given
the small percentage of the population that it affects, it would be more efficient to identify a
test to screen solely those individuals who have a high risk of developing PC, such as
patients with chronic pancreatitis, patients with type II diabetes mellitus, chronic smokers,
individuals with a working history in the rubber industry, patients with a history of tropical
or idiopathic pancreatitis or cystic fibrosis, and patients with a family history of PC [9].

To date, no current biomarker has been conclusively shown to aid in the differentiation of
PC from CP. Current studies using CA19-9 to stratify PC and CP patients are contradictory
with some showing its ability to successfully differentiate between the two patient groups
while others show CA19-9 to be high not only in PC patients (90%) but in many CP patients
(66%) as well [38,39]. The utility of other biomarkers in differentiating PC and CP has also
been explored. A Western blot array (Powerblot, BD Biosciences) analysis of pooled protein
samples from normal, CP and PC derived pancreatic tissues identified more than 50 proteins
that were upregulated in PC compared to CP, while an almost equal number were
downregulated [40,41]. Proteomics based approaches have identified Maspin [42], MUC4-
p53 combination [43] Annexin-2, Insulin-like growth factor binding protein 2 (IGFBP-2)
[44], and Zinc-alpha-2-glycoprotein (AZGP1) [45] as possible biomarkers to distinguish PC
from CP. Another study identified a set of seven genes that could discriminate between CP
and PC with an accuracy of 92% in a randomly assigned training set. However, the
applicability of the results of many of these studies are limited due to small samples sizes,
no distinction between resectable and unresectable PC, a lack of validation in a test set, and
no direct comparison with plasma CA19-9 levels. Additionally, most of these studies used
pancreatic tissue as a source for biomarkers, making such tests invasive and thereby limiting
the patient population in which such a test could be used.

By contrast, from the ten genes analyzed in PBMCs through this study, a combination test
consisting of PBMC expression levels of CA5B, F5, SSBP2, and MIC1 combined with
plasma levels of CA19-9 was identified that can distinguish resectable PC from CP patients
with a sensitivity and specificity of 67% and 83%, respectively. This represents a significant
(p = 0.023) improvement over plasma CA19-9 alone, even when used at its optimal cutoff of
74.0 U/mL which is substantially greater than the cutoff currently used clinically (37 U/mL).
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Importantly, as PC cannot be attributed solely to one high-risk group but rather to many,
with each contributing a small proportion of PC patients to the general PC population,
knowledge as to the universality of early PC diagnostic testing across patients of different
backgrounds is imperative. Based on our results, it appears that diagnostic testing based
upon PBMC expression profiling may require different diagnostic formulas, employing
differing gene sets and/or expression cutoffs as directions and magnitudes of differential
expression vary based on the control group that PC is compared against. However, of the
respective four genes employed in the two diagnostic formulas designed in this study, three
(CA5B, F5, and MIC1) were shared; though the cutoffs used in the early PC vs. healthy
control and the early PC vs. CP tests were dissimilar (0.39 vs. 1.43, 2.43 vs. 9.99, and 12.2
vs. 12.8 REU). These results highlight the necessity for further testing in other high-risk
groups in addition to CP, such as patients with a significant family history of PC, to
establish both the diagnostic potential and respective diagnostic formulas for PBMC
expression analysis within each as well as to discover latent PBMC expression similarities
across high-risk groups that may be exploitable for designing a test with universal
applicability.

Adding to the diagnostic interpretability of the results of this work, the present study utilizes
a technique that is clinically viable and could easily be added to the repertoire of tests
already provided in a standard clinical lab. PBMC gene expression analysis is no more
invasive of a test than CA19-9, both being amendable to a simple venopuncture; thus
providing practical diagnostic superiority over techniques currently utilized in PC diagnosis
such as endoscopic ultrasound-guided fine needle aspiration and endoscopic retrograde
colangiopancreatography, through which early PC may be detectable but the invasiveness of
which limit utility solely to confirmatory testing. In addition, adapting PBMC testing to a
multiplex Q-RT PCR format is particularly promising as it provides a quantitative means by
which complex assays can be streamlined to produce multiple results with minimal effort
and still maintain a high level of specificity. Additionally, such assays do not require a large
quantity of starting template, which is essential as PBMCs are not highly concentrated in
blood. Multiplex Q-RT PCR is an ideal diagnostic assay because it is rapid, does not require
multiple rounds of confirmatory testing, has a relatively low setup and operation cost, and
can analyze multiple genes in a single reaction [46–48]. Further, multiplex Q-RT PCR
assays have already proven viable in a clinical context, as they have been developed for the
detection of a broad spectrum of bacteria and fungi in human blood (LightCycler SeptiFast
test) [49] and for the detection of metallo-β-lactamase genes in gram negative bacteria
(hyplex MBL ID Multiplex PCR-ELISA) [50]. Multiplex Q-RT PCR has also been shown to
be successful in the diagnosis of severe combined immunodeficiency disorder (SCID) [51],
as well as the detection of circulating tumor cells in breast cancer [52].

Beyond the diagnostic potential of this PBMC differential gene expression profile, the
normal functions and direction of differential expression of each of the genes hints at a
potential pathophysiological mechanism. It appears that PC is characterized by a significant
decrease in the ability of the immune system to respond to non-self-antigens, including
tumor associated antigens, which may in part be a result of the upregualtion of ARG1 which
was further validated in this study [23]. ARG1 expression has been closely associated with
an increase in the presence of myeloid derived suppressor cells (MDSCs) [53] which are
classically known to decrease CTL response, mostly through destabilization of T-cell
receptors and decreased expression of certain CD3 subtypes, ultimately leading to CTL
apoptosis.

Another gene of interest that may play a role in decreasing the body’s immunological
function is F5, which was shown to be down regulated in early PC. F5 associates with the
VH3 domain of IgE to increase the release of IL4, which is associated with the proliferation,
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differentiation, chemotaxis, and development of B cells and T cells. Therefore, a decrease in
F5 may result in a decreased release of IL4, ultimately resulting in the down regulation of
the body’s humoral and cellular immune response machinery. While our study did not
directly investigate the expression of IL4, our results do suggest the need for further research
to explore this possible mechanism.

A shortcoming of the study is the knowledge of whether a correlation exists between
expression of a gene in the PBMCs and the same gene in tissues from PC patients. The
problem of such an analysis would be obtaining the pancreas of matched HCs and CP. A
solution would be to investigate in a mouse model of spontaneous PC wherein the
expression of homologous genes is compared in wild type and transgenic mice, thus
mimicking the comparison of PC to HCs. Another possibility is to conduct a retrospective
analysis using samples of HCs and CP patients banked in tissue banks. This might give us
the opportunity to use blood and tissue from the same patient. However, the issue of RNA
stability introduces an additional variability and thus would make the results difficult to
interpret. Other possibilities that can be explored in future studies include developing gene
sets to distinguish smokers who develop PC from those who do not develop PC and a set of
genes that reflect the risk of development of PC in long standing CP.

Another minor pitfall of the study is that the genes used to differentiate PC from CP were all
down regulated, potentiating that the effects of CP on PBMC gene expression could
overshadow the effects of PC. However, the use of multiple genes and the quantitative
nature of the technique should help overcome this problem, further strengthening the
argument in favor of a multiplexed assay.

In conclusion, we have investigated the expression of six genes previously identified as
being differentially expressed in PBMCs of PC patients. Our results, performed on a unique
set of patient samples distinct from the earlier study reveal that the six genes were affected
in the same direction as previously reported. We observed that a combination of genes was
able to significantly improve the diagnostic abilities of CA19-9 for resectable PC in the
context of CP. The study is significant in that it demonstrates that use of PBMCs is a
reproducible, quantitative method which can be applied clinically. Future studies will aim to
validate the model using samples from other patient groups commonly encountered in the
differential diagnosis of PC including other solid tumor malignancies, benign tumors and
inflammatory conditions. Further, we will also examine the functions of these genes in
animal models of PC to elucidate their role in the pathogenesis of the malignancy.
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Fig. 1.
Comparison receiver operating characteristic (ROC) curves comparing combination testing
to CA19-9 for the differentiation of early pancreatic cancer patients from controls.
Comparison ROC curves were constructed analyzing combination tests consisting of
multiplex Q-RT PCR-based PBMC expression profiles combined with plasma CA19-9
levels versus plasma CA19-9 alone for the differentiation of Early (resectable) Pancreatic
Cancer (EPC) from A) Healthy Controls and B) Chronic Pancreatitis (CP) patients. Panel A
consists of PBMC-based expression of CA5B, F5, MIC1, and ARG1 along with plasma
CA19-9 levels and was not found to be significantly superior to CA19-9 alone for
differentiating EPC from healthy control patients (p = 0.17) Panel B consists of CA5B, F5,
MIC1, and SSBP2 expression analysis along with plasma CA19-9 levels. Panel B was found
to distinguish EPC from CP patients significantly better than CA19-9 alone (P = 0.023).
(Colours are visible in the online version of the article; http://dx.doi.org/10.3233/
CBM-2012-0260)
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