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Abstract

CRABP-II, a retinoid acid binding protein, shuffles retinoid acid from cytoplasm into nucleus and 

forms a complex with nuclear retinoid acid receptor to facilitate transcriptional activities of 

retinoid acid. In this study, we studied the expression patterns of CRABP-II in pancreatic ductal 

adenocarcinoma (PDAC) compared to those in normal pancreas, chronic pancreatitis and pre-

cancerous lesions. We showed no detectable expressions of CRABP-II in normal pancreatic 

parenchyma, normal ductal epithelium and chronic pancreatitis. In contrast, the expression of 

CRABP-II was readily detected in all PDACs including metastatic PDACs. CRABP-II staining 

was also observed and progressively increased from PanIN 1 to 3. In addition, when FNA 

specimens were evaluated from patients with PDAC, CRABP-II was positive in 55.6% cases if 

cytology diagnosis was “atypia”, and in 87.5% cases if was “malignancy”. Our study suggests that 

CRABP-II is highly and specifically expressed in PDAC, and is more commonly expressed in 

high-grade precursor cancerous lesions than in low-grade lesions. Therefore, over-expression of 

CRABP-II is a late event of pancreatic carcinogenesis, and it could be used as a diagnostic marker 

to distinguish PDAC from other benign pancreatic conditions in both resection and cytology 

specimens.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer death (1). Pancreatic ductal 

adenocarcinomas (PDAC) constitute 80% to 90% of all pancreatic cancers. Most patients 

with PDAC have a locally advanced or metastatic disease at the time of diagnosis. Once 

clinically evident, PDAC progresses rapidly and is largely resistant to conventional 

chemotherapy and radiotherapy (2). Therefore, early detection of PDAC is crucial for a 

possible curative resection and a better prognosis. In this context, pancreatic intraepithelial 

neoplasia (PanINs) have recently been proposed as noninvasive precursor lesions of PDAC 

(3). PanINs are believed to progress from flat to papillary lesions without atypia, to papillary 

lesions with atypia, to lesions with severe architectural and cytologic atypia (PanIN-1A to 

PanIN-1B to PanIN-2 to PanIN-3). The progression from PanINs to PDAC is accompanied 

by accumulation of multiple genetic alterations (2, 4, 5). During early genetic events such as 

activating point mutations in K-ras oncogene and overexpression of HER-2/neu gene 

product, pancreatic duct lesions show minimal cytological and architectural atypia (6–9). 

Inactivation of the p16 tumor suppressor gene appears to occur at a later stage followed by 

the loss of p53, SMAD4, and BRCA2 tumor suppressor genes (10, 11). According to this 

model and various studies since then, the initial genetic changes serve as a trigger for 

subsequent molecular and genetic events to occur, and this sequential acquisition of 

mutations results in progression of the disease. Therefore, identification of the early genetic 

alterations may provide potential targets for future therapy and also markers for early 

diagnosis.

The natural metabolite of vitamin A, Retinoic acid (RA) has been shown to inhibit cancer 

cell growth in various types of carcinomas including pancreatic cancer (12). Two lipid 

binding proteins, CRABP-I and CRABP-II bind RA in high binding affinity and selectivity 

(13). Both of them localize in cytoplasm, bind and protect RA from the cytosol aqueous 

microenvironment. CRABP-II has been reported to be important for RA signaling. CRABP-

II shuttles RA from the cytosol into the nucleus through its ligand-activated nuclear 

localization signal (NLS) (14). The RA associated CRABP-II also binds RA receptors 

(RAR) to form a CRABP-II/RAR complex that channels RA to the nuclear receptors, 

thereby facilitating its ligation and enhancing its transcriptional activities. Thus, CRABP-II 

functions as a co-activator for RA dependent transcription.

While CRABP-II expression up-regulation has been reported in primary ovarian tumors 

(15), uterine leiomyoma (16) and promyelocytic leukemia (17, 18), the down-regulation of 

CRABP-II was observed in prostate cancer (19) and RA resistant medulloblastoma cells 

(20). In head and neck square cell carcinoma, the absence of CRABP-II was associated with 

decreased disease-free survival rates (21). It has been reported that CRABP-II is expressed 

in certain types of PDAC cell lines (22), but the role of CRABP-II in patient sample with 

pancreatic ductal adenocarcinoma has not been investigated. In this study, we evaluated the 

expression of CRABP-II in PDACs in comparison to normal pancreatic parenchyma and 

chronic pancreatitis, and explored the possibility of using CRABP-II as a diagnostic marker 

to facilitate the differential diagnosis of PDAC on morphologically challenging cases.
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Materials and methods

Sample collection

Hematoxylin- and eosin-stained sections retrieved from the files of the Department of 

Pathology; University Hospitals Case Medical Center, were reviewed independently by two 

pathologists. We selected 50 cases of primary pancreatic ductal adenocarcinoma, 48 of 

normal pancreatic tissue, and 49 of chronic pancreatitis. The normal pancreatic tissue was 

from patients with non-pancreatic disease, most of which were Whipple resection of 

duodenal adenocarcinoma or neoendocrine tumor. Foci of PanIN were included as well: 36 

PanIN 1, 47 PanIN 2 and 25 PanIN 3. All PanIN 1 and 2 cases are not associated with 

PDACs, while all PanIN3 cases are associated with PDACs. All these patients had 

undergone surgical resection between 2001 and 2005. All specimens analyzed were 

formalin-fixed and paraffin-embedded tissue sections. Tissue microarray (TMA) was made. 

The diagnosis was confirmed by H&E staining. Cellblocks from pancreatic fine needle 

aspiration (FNA) specimen were also included. Based on the cytologic diagnosis, the cases 

were divided into three groups—benign (n=14), atypia (n=9) and malignancy (n=16). The 

diagnosis of all selected FNA specimens was confirmed by following surgical resection. On 

resection, the “benign” group had 8 PDACs and 6 non malignant. All the “atypia” and 

“malignancy” cases were confirmed as PDACs. Institutional Research Board (IRB) of the 

University Hospitals Case Medical Center approved the research protocol.

Immunohistochemical (IHC) staining

Expression levels of CRABP-II were examined by immunohistochemistry (IHC) on all cases 

included in this study. IHC was performed on paraffin sections of tissue microarrays. 

Immunohistochemistry was performed by the clinical diagnostic lab of 

Immunohistochemistry of University Hospitals Case Medical Center. Briefly, unstained 4 

μm-sections were prepared from paraffin blocks and baked for 30 minutes at 60° C in a 

Boekel Lab oven. The slides were then processed using a BondMax Automated 

Immunostainer (Leica). The slides were deparaffinized, antigen retrieved, incubated in 

primary antibody, polyclonal anti-CRABPII (1:1000 dilution; Abcam, Cambridge, MA) and 

subsequently counterstained onboard the automated instrument. Antigen retrieval was 

performed with Bond Epitope Retrieval Solution 2 (Leica), a EDTA based pH 9.0 solution 

for 20 minutes at 100 ° C. Histological images were obtained with the use of a ScanScope® 

XT digital scanning system (Aperio Technologies, Vista, CA, USA). Nuclear 

immunoreactivity was considered as a positive expression. Immunoreactivity was scored by 

two investigators based on the percentage and intensity of positive epithelium cells 

(percentage: 0: <1%, 1+: <25%, 2+: 25–50%, 3+: 50%–75%, 4+: 75%–100%; intensity: 

undetectable, weak, moderate and strong). Score 0 was considered as negative, score 1 or 

above as positive. IHC results of TMA slides were further randomly confirmed with whole 

tissue section slides.

Statistical analysis

Comparison of the CRABP-II expression rates among different groups was done using the 

Fisher’s exact test (two-tailed) and student t-test (two-tailed).
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Results

CRABP-II expression in normal pancreas and chronic pancreatitis

We assessed CRABP-II protein expression levels by immunohistochemical analysis in 

normal pancreatic tissue and chronic pancreatitis. We observed no CRABP-II staining in 

normal parenchyma and normal ductal epithelium, including acinar cells, islets, intercalated 

ducts, intralobular ducts, interlobular ducts and main pancreatic ducts (Figure 1A–B, Table 

1). Expression pattern of CRABP-II in chronic pancreatitis was similar to that in normal 

tissue (Figure 1C–D); demonstrating that CRABP-II is largely negative in benign pancreatic 

conditions.

CRABP-II expression in PDACs

We then evaluated CRABP-II expression in pancreatic ductal adenocarcinoma; CRABP-II 

staining was strongly diffusely positive in all 50 cases (100%, 50/50) with pancreatic ductal 

adenocarcinoma (Figure 1E–F), regardless of the tumor stage and grade. In cancer cells, 

CRABP-II staining was uniformly localized in cytoplasm and to some extent nuclei. In 

contrast to pancreatic duct adenocarcinoma, normal pancreatic tissue did not show any 

specific staining of CRABP-II. We further examined CRABP-II expression in metastatic 

PDACs in lymph nodes. As expected, CRABP-II was strongly positive in 100% (12/12) of 

metastatic PDACs (Figure G–H).

CRABP-II expression in PanINs

PanIN has been considered as precursor lesions for pancreatic duct adenocarcinoma (3). We 

therefore examined CRABP-II expression in PanIN. CRABP-II staining was observed from 

PanIN 1 to 3 in a pattern similar to pancreatic duct adenocarcinoma (Figure 2A–H); 

although the intensity and positive rate were lower than that in cancer (Table 1 and 2). 

Interestingly, CRABP-II expression progressively increased from PanIN 1 to 3 (Table 2). 

Fewer than 15% of PanIN-1 lesions expressed CRABP-II, whereas more than 80% of 

PanIN-3 lesions and 100% of PDACs expressed it (Table 1), showing that expression of 

CRABP-II is associated with higher-grade lesions.

CRABP-II expression in FNA specimens

FNA has been widely used to help establish the diagnosis of pancreatic tumor before 

resection (23). Although the specificity of a PDAC diagnosis on cytology specimen is high, 

the sensitivity is relatively low (24). As CRABP-II is uniformly expressed in every PDAC 

cases examined, we hypothesized that CRABP-II be a helpful diagnostic marker in 

morphologically challenging cytology specimen. To this end, we included 39 cases that had 

FNA performed with evaluable cellblocks before surgical resection. We classified the cases 

based on final resection diagnosis. In all 8 cases with no malignancy found in the resection 

specimen, cytologic diagnosis was all “benign” and CRABP-II was negative in all 8 cases. 

Next, 31 cases with PDAC revealed by resection specimen were classified into 3 groups 

based on cytologic diagnosis, “benign”, “atypia”, and “malignancy” (Table 3). In “benign” 

group, all 6 cases were CRABP-II negative (Figure 3A). Nine cases were diagnosed as 

“atypia”, 5 of which had positive CRABP-II expression. In “malignancy” group, 14 out of 
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16 cases were positive for CRABP-II expression (Figure 3B). In summary, the sensitivity of 

CRABP-II for PDAC was 61.3% (19/31), slightly higher than that of cytology (51.2%, 

16/31). By combination of CRABP-II and morphology, the sensitivity of detecting PDAC 

increased to 67.7% (21/31).

Discussion

Morphologically, distinguishing pancreatic ductal adenocarcinoma (PDAC) from benign 

pancreatic conditions, such as extensive chronic pancreatitis, can be challenging. Molecular 

biomarkers that have high sensitivity and specificity for PDAC have been rigorously 

searched. Many biomarkers have been studied in this context including survivin (25), MUC4 

(26), mapsin (27), and CD44 (28, 29), etc. However, none of these markers is comparable to 

CRABP-II in terms of high sensitivity and specificity for PDAC in this context.

FNA has been widely used to help establish the diagnosis of pancreatic tumor before 

resection (23). It is also frequently a daunting task to diagnose PDAC on cytology specimen. 

The sensitivity of diagnosing PDAC base on morphology can be as low as 50% (24). 

Molecular markers such as MUC4, S100P and XIAP have been shown to increase the 

detection sensitivity on FNA specimens (30, 31). Our results implicate that CRABP-II might 

also be potentially helpful in this regard especially when the cytology diagnosis is “atypia”. 

CRABP-II was positive in more than 50% of these cases. It is of interest to notice that if the 

cytology diagnosis is “benign”, CRABP-II was negative in all the cases even though the 

resection turned out to be PDAC, suggesting that the false negativity might be due to 

sampling errors.

Our study shows that CRABP-II expression is upregulated in PDACs and the up-regulation 

is progressive from PanIN 1 to 3, suggesting that CRABP-II might play an important role in 

the tumorigenesis of PDACs. Oncogenes such as K-ras and tumor suppressor genes such as 

DPC4 and p53 have been extensively studied and reported to affect the behavior of primary 

carcinomas and the progression of pancreatic neoplasia (6, 32–35). Herein we report the 

overexpression of CRABP-II as an additional alteration with a role in the progression from 

normal pancreatic ductal epithelium to PDACs. The significance of CRABP-II 

overexpression in PDACs is unclear. CRABP-II shuffles RA from cytoplasm into nucleus 

and thus is critical for RA-induced cell differentiation. Down-regulation of CRABP-II has 

been associated with poor survival in head and neck squamous cell carcinoma and breast 

cancer (21). On the other hand, CRABP-II overexpression has been reported in various types 

of malignancy including ovarian cancer (15) and leukemia (17, 18). The overexpression of 

CRABP-II in PDACs might suggest two possibilities: (1) CRABP-II is an oncoprotein, or 

(2) CRABP-II is tumor suppressor and has loss-of-function alterations that lead to feedback 

overexpression in PDACs. Our preliminary results didn’t show any mutations in CRABP-II 

coding region (data not shown). We are currently investigating the possibility of mutations 

in other regions. Regardless of the mechanism, our results implicate that CRABP-II could be 

a diagnostic molecular marker and also be a potential therapeutic target in future.

In conclusion, we observed a gradual increase in CRABP-II expression that went along with 

the progression of PanINs to PDACs. Expression of CRABP-II was associated with higher-
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grade lesions. Fewer than 15% of PanIN-1 lesions expressed CRABP-II, whereas it was 

expressed by more than 80% of PanIN-3 lesions and 100% of PDACs. Our finding adds 

further support to the proposed progression model for PDACs, suggesting that CRABP-II 

might provide a reasonable target for the chemoprevention of invasive pancreatic 

adenocarcinoma at early stages.
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Figure 1. 
CRABP-II expression in pancreatic tissue by immunohistochemical staining. CRABP-II is 

completely negative in parenchym and ducts in normal control (A, B) and chronic 

pancreatitis (C, D), but it is strongly positive in PDACs (E, F) and metastasis in lymph 

nodes (G,H). Objective magnification x4 (A,C,E,G) and x20 (B,D,F,H).

Xiao et al. Page 9

Hum Pathol. Author manuscript; available in PMC 2015 October 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
CRABP-II expression in PanIN by immunohistochemical staining. CRABP-II is focally/

weakly positive in PanIN1 (A, B), weakly positive in PanIN2 (C–F) and diffusely/strongly 

positive in PanIN3 (G,H). Objective magnification x4 (A,C,E,G) and x20 (B,D,F,H).
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Figure 3. 
CRABP-II expression in FNA cytology specimens from patients diagnosed as PDAC on 

resection specimen. A. Cytology diagnosis was “Benign”. B. Cytology diagnosis was 

“Malignant”. Objective magnification x40 (A,B).
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Table 2

Intensity of CRABP-II expression in pancreatic neoplasm

PanIN 1 (n=5) PanIN 2 (n=30) PanIN 3 (n=22) PDAC (n=50)

Scores# (mean±SD) 1.6±0.5 2.1±1.0 3.3±0.8**,† 4±0.1**,†

#
Including only CRABP-II positive cases;

**
p<0.001 as compared to PanIN1;

†
p<0.001 as compared to PanIN2.
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Table 3

CRABP-II expression in FNA specimens

Resection diagnosis FNA diagnosis CRABP-II expression

Positive (n) Negative (n) Sensitivity

Benign Benign (n=8) 0 8

PDAC Benign (n=6) 0 6 0

Atypia (n=9) 5 4 5/9 (55.6%)

Malignant (n=16) 14 2 14/16 (87.5%)
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