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CCAAT/enhancer-binding protein δ (C/EBPδ) is a transcription factor involved in growth arrest and differentiation,

which has consequently been suggested to harbor tumor suppressive activities. However, C/EBPδ over-expression

also correlates with poor prognosis in glioblastoma and promotes genomic instability in cervical cancer, hinting at

an oncogenic role of C/EBPδ in these contexts. This entry outlines the role of C/EBPδ in pancreatic ductal

adenocarcinoma. In cell lines of this cancer, C/EBPδ exerts a tumor suppressive role by attenuating clonogenicity,

proliferation and tumor sphere formation.

CCAAT/Enhancer-Binding Protein Delta  Pancreatic Ductal Adenocarcinoma  Tumor Suppressor

1. Introduction

1.1. Pancreatic ductal adenocarcinoma

Pancreatic cancer is a devastating disease with a survival outcome that is the worst of all human cancers . The 5-

year survival rate upon diagnosis is a little over 9% and overall mortality reaches 99% . Due to the late onset of

symptoms, only 15–20% of patients present with resectable disease, whereas the remaining patients present with

metastatic or locally advanced disease, which cannot be resected. The median survival of the selected group of

resectable patients, however, increases only to around 23 months whereas 5-year survival rates remain below 20%

. Eventually, the majority of these patients with a resectable primary tumor will succumb due to metastatic

disease as well . Thus, there is a clear clinical need to better understand the processes that drive pancreatic

cancer and guide the development of novel avenues for rational treatment of this disease.

Only a limited number of tumor suppressor genes have been formally established in pancreatic ductal

adenocarcinoma. Mutations in genes such as TP53, SMAD4, PTEN, and CDKN2A are present in over 70% of

pancreatic ductal adenocarcinomas, and mutations in these tumor suppressors are well known to drive tumor

progression. As opposed to their clear biological relevance, mutations in tumor suppressor genes typically are of

limited therapeutic value . To improve patient treatment, the identification of tumor suppressor genes that

could serve as therapeutic targets is therefore eagerly awaited.

1.2. Roles of C/EBPδ in tumorigenesis
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CCAAT/enhancer-binding protein δ (C/EBPδ) is a member of the C/EBP superfamily of transcription factors, which

consists of six unique members (α, β, γ, δ, ε and ζ) . Soon after its discovery, C/EBPδ was implied to act as a

tumor suppressor by inducing growth arrest and differentiation in breast cancer . Indeed, C/EBPδ expression

promotes CDC27 expression, leading to increased degradation of the cell cycle proteins cyclin D1, cyclin B1, Plk-1,

and Skp2 . Furthermore, expression of C/EBPδ is associated with downregulation of c-Myc and cyclin E, and

upregulation of the cyclin-dependent kinase inhibitor p27 in the leukemia cell lines K562 and KCL22, leading to

growth arrest and differentiation . In A431 cervical cancer cells, C/EBPδ expression leads to the induction of

apoptosis via the transcriptional regulation of the pro-apoptotic genes PPARG2 and GADD153 . Moreover,

C/EBPδ is involved in the regulation of pro-apoptotic gene expression and growth arrest during mammary gland

involution . In line with these data, C/EBPδ indeed acts as a tumor suppressor in breast cancer ,

ovarian serous carcinoma , cervical carcinoma , leukemia  and hepatocellular carcinoma .

In contrast to the presumed tumor suppressor role of C/EBPδ, several studies suggest that C/EBPδ may actually

drive tumor progression in certain cancers. Indeed, C/EBPδ over-expression correlates with poor prognosis in

glioblastoma ; it is required for efficient metastatic growth of mammary tumors , and drives proliferation and

invasiveness of urothelial carcinoma cells, thereby driving metastatic disease leading to a reduced disease-specific

survival . Finally, C/EBPδ promotes tumorigenesis in the cervix by inducing aneuploidy and centromere

abnormalities .

2. C/EBPδ in Pancreatic Ductal Adenocarcinoma

2.1. C/EBPδ is lost in PDAC and correlates with N-status and survival

Data mining of publicly available microarray datasets and immunohistochemical analysis of in-house tissue

microarrays showed that CEBPD gene and protein expression are significantly decreased in pancreatic ductal

adenocarcinomas versus healthy pancreatic tissue. Hereby, healthy ductal cells express high nuclear levels of

C/EBPδ which is at odds with the general notion that C/EBPδ expression is typically low under normal conditions

. More importantly, C/EBPδ levels are dramatically reduced in ductal adenocarcinoma cells as compared to

normal ductal cells. Next to that, C/EBPδ is negatively correlated to N-status and patient survival in this patient

cohort (Figure 1). As C/EBPδ induces growth arrest , it is tempting to speculate that the loss of C/EBPδ

conversely facilitates tumorigenesis. Such a role of C/EBPδ would be in line with previous studies showing that

C/EBPδ is a tumor suppressor in leukemia, breast cancer, hepatocellular carcinoma and cervical cancer 
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Figure 1. (A) Normal pancreas duct cells express high levels of C/EBPδ protein. Scale bar is 20 µm. (B) C/EBPδ is

lost in PDAC tissue samples. (C) C/EBPδ is significantly lower expressed in samples of patients with lymph node

involvement than in patients without. (D) High C/EBPδ-expression correlates with improved survival in PDAC

patients.

2.2. C/EBPδ reduces PDAC cell tumorigenicity in vitro

C/EBPδ expression is low in MIA PaCa-2 and PANC-1, two commonly used pancreatic ductal adenocarcinoma cell

lines. This is in line with observations in pancreatic cancer patients and with a potential role of C/EBPδ as a tumor

suppressor in pancreatic cancer. More importantly, their low C/EBPδ expression makes these cells suitable model

systems for C/EBPδ re-expression studies with the assumption that rescuing C/EBPδ expression would reduce

their tumorigenic capacity in case C/EBPδ acts as a genuine tumor suppressor. PANC-1 and MIA PaCa-2 cells

indeed showed decreased clonogenicity and proliferation upon C/EBPδ re-expression (Figure 2 A-B). Additionally,

these effects were dose dependent, implying a relation between tumorigenicity and C/EBPδ expression levels.

Conversely, shRNA-mediated silencing of C/EBPδ enhances proliferation in a dose-dependent manner strongly

suggesting that C/EBPδ expression levels negatively correlate with the proliferative capacity of pancreatic ductal

adenocarcinoma cells.

Next to driving proliferation and clonogenicity of pancreatic ductal adenocarcinoma cells, loss of C/EBPδ also

seems to promote anchorage-independent growth. This clonogenic capacity in a three-dimensional, anchorage-

free environment is considered a key hallmark of oncogenic transformation and is considered the most accurate

and stringent in vitro assay for detecting malignant transformation of cells. We found a marked reduction in the

number of spheres formed by MIA PaCa-2 and PANC-1 cells upon re-expression of C/EBPδ (Figure 2C).

Interestingly, although C/EBPδ re-expression limits sphere formation in these cell lines, PANC-1 cells appear to be

more susceptible to reversing oncogenic properties upon C/EBPδ induction. Although the precise mechanism

underlying the reduction in anchorage-independent growth of pancreatic adenocarcinoma cancer cell remains to be

established, it is tempting to speculate that these data explain the correlation found between C/EBPδ expression
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and lymph node invasion observed in our patient cohort. Indeed, anchorage-independent growth is strongly

associated with the metastatic potential of cancer cells . Irrespective of the actual mechanism, the reduced

overall survival in pancreatic ductal adenocarcinoma patients with low C/EBPδ levels might be directly linked to the

increased lymph node metastases in these patients.

Figure 2. (A) Crystal violet stainings show that re-expression of C/EBPδ reduces the clonogenicity of two PDAC

cell lines in a dose-dependent manner. (B) A doxycycline-inducible system for C/EBPδ re-expression shows

hampered proliferation and (C) decreased tumor sphere formation upon induction in a dose-dependent manner.

Taken together, these results point towards a clear direction where C/EBPδ regulates the proliferation and

clonogenic capacities of PDAC cells. However, as two-dimensional monoculture experiments in vitro cannot

account for important factors, such as stromal and immune infiltration, in vivo validation of these findings is urgently

needed to manifest the notion that C/EBPδ might act as a tumor suppressor in PDAC.

2.3. C/EBPδ - a promising target in PDAC treatment? 

C/EBPδ is obviously not the first tumor suppressor identified in pancreatic adenocarcinoma. Indeed, genes such as

TP53, SMAD4, PTEN, and CDKN2A are well-known tumor suppressors and mutations in these genes, which are

present in over 70% of pancreatic ductal adenocarcinomas, drive tumor progression. As opposed to the other

classical tumor suppressors, C/EBPδ seems, however, neither hypermethylated, nor mutated, lost or deleted in

pancreatic adenocarcinoma (re-analysis of previously published data ) suggesting re-activation of C/EBPδ

may hold therapeutic promise in the setting of pancreatic adenocarcinoma.

The mechanism via which C/EBPδ exerts its tumor suppressive and anti-metastatic effects remains elusive. In an

attempt to uncover the underlying mechanism, the expression of different putative targets of C/EBPδ involved in

cell cycle progression, apoptosis, stemness and the leading-edge genes of the above described gene set

enrichment analyses (GSEAs) have been investigated. Enhanced expression of CDKN1A (p21) along with

suppressed cyclin-dependent kinases CDK1, CDK2 and CDK6 point towards cell cycle arrest as a main
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mechanism of the observed C/EBPδ-induced effects in PDAC cells. Interestingly, however, C/EBPδ also appears

to affect almost all of the other investigated pathways to some degree. Hence, the data do not yet allow firm

conclusions on the downstream pathways affected by C/EBPδ.

To date, several agents have been described to effectively induce C/EBPδ expression. Among these activators are

interleukin-6, which elicited growth-inhibiting effects on LNCaP prostate cancer cells via C/EBPδ activation , 1-(2-

hydroxy-5-methylphenyl)-3-phenyl-1, 3-propanedione (HMDB), which attenuated the growth of A431 epidermoid

carcinoma xenografts in severe combined immunodeficient mice , and metformin, which induced autophagy of

Huh7 liver cancer cells via C/EBPδ activation . Next to that, C/EBPδ has been induced by various external

stimuli in the inflammatory context. In the context of PDAC, further studies are needed to find potent upstream

regulators of C/EBPδ.
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