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Abstract

Kaiso, a bi-modal transcription factor, regulates gene expression, and is elevated in breast, 

prostate, and colon cancers. Depletion of Kaiso in other cancer types leads to a reduction in 

markers for the epithelial–mesenchymal transition (EMT) (Jones et al., 2014), however its clinical 

implications in pancreatic ductal adenocarcinoma (PDCA) have not been widely explored. PDCA 

is rarely detected at an early stage but is characterized by rapid progression and invasiveness. We 

now report the significance of the subcellular localization of Kaiso in PDCAs from African 

Americans. Kaiso expression is higher in the cytoplasm of invasive and metastatic pancreatic 

cancers. In males, cytoplasmic expression of Kaiso correlates with cancer grade and lymph node 

positivity. In male and female patients, cytoplasmic Kaiso expression correlates with invasiveness. 

Also, nuclear expression of Kaiso increases with increased invasiveness and lymph node positivity. 

Further, analysis of the largest PDCA dataset available on ONCOMINE shows that as Kaiso 

increases, there is an overall increase in Zeb1, which is the inverse for E-cadherin. Hence, these 

findings suggest a role for Kaiso in the progression of PDCAs, involving the EMT markers, E-

cadherin and Zeb1.
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Introduction

In the United States, pancreatic ductal adenocarcinoma (PDCA) is the fourth leading cause 

of cancer death. Worldwide, more than 200,000 people are diagnosed each year; only about 

4% live for 5 years after diagnosis [1]. The incidence of PDCA in African Americans is 

50%–90% higher than in other racial groups [2]. African American patients also have the 

poorest prognosis of any racial group. These devastating statistics are likely due to the fact 

that, at diagnosis, ~85% of patients have advanced, unresectable disease [3]. Although 

chemotherapeutics such as FOLFIRINOX (5-fluorouracil, leucovorin, oxaliplatin, and 

irinotecan) and Abraxane® (protein-bound paclitaxel) have been approved as mono- and 

multimodality therapies for late-stage disease, PDCA remains largely unresponsive to most 

chemotherapeutic agents [4,5]. This is particularly evident for African Americans, who 

demonstrate worse outcomes compared to Caucasians [2]. Thus, there is a need to 

understand, particularly for African Americans, the biological mechanisms that contribute to 

development and progression of PDCAs and to develop early indicators of aggressive 

disease.

Kaiso, a bimodal transcription factor, belonging to the BTB/POZ (Broad Complex, 

Tramtrak, Bric à brac/Pox virus and Zinc finger) subfamily of zinc-finger proteins, binds 

both methylated DNA and consensus Kaiso binding sites (KBS) on DNA to regulate gene 

expression [6–8]. A function of Kaiso in tumorigenesis is methylation-dependent silencing 

of various tumor suppressor genes. For example, in prostate and breast cancers, Kaiso 

regulates genes that relate to de-differentiation, including those associated with the 

epithelial–mesenchymal transition (EMT), such as E-cadherin [8,9], Wnt 11 [10], and 

matrilysin [11]. Additionally, in MCF-7 breast cancer cells, Kaiso regulates the cyclin D1 
promoter via binding to methylated CpG-dinucleotides and KBS [12]. Progeny of 

KaisoTg/+ (Kaiso-overexpressing) mice crossed with ApcMin/+ mice (used for studies on 

colon carcinogenesis) demonstrates elevated expression of Wnt-related genes, increased 

inflammation, and increased tumorigenesis [13].

Based on its subcellular localization, elevated expression of Kaiso has shown promise as a 

prognostic biomarker for various tumor types [14,15]. In chronic leukemia and in non-small 

cell lung cancers, elevated levels of Kaiso are present predominantly in the cytoplasm 

[16,17]. However, in colorectal, prostate, and breast cancers, Kaiso is present in both the 

cytoplasm and the nucleus. In more aggressive tumors, Kaiso shows a trend of increased 

nuclear expression [12,18]. In prostate cancer cells, nuclear Kaiso silences E-cadherin and 

induces these cells to undergo an EMT [8,9]. Also, depletion of Kaiso in breast cancer cell 

lines causes a reduction in the EMT markers, N-cadherin and vimentin [8]. Nuclear Kaiso is 

elevated in prostate and breast tumors of African American patients, who typically have 

highly aggressive tumors of these types [8,9]. To date, however, there are no studies 

examining the expression of Kaiso in PDCA.

Herein we present findings that Kaiso expression is elevated in African American patients 

with PDCA. Tumors of males have a higher cytoplasmic expression that is associated with 

cancer grade and total lymph node positivity. Also, there is a correlation between 

cytoplasmic Kaiso expression and cancer aggressiveness in males and females. Nuclear 
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Kaiso expression increases with increased invasiveness and total positive lymph nodes. 

There is also a correlation between the expression of Kaiso and Zeb1 with E-cadherin, an 

EMT marker. Furthermore, as determined with the largest PDAC patient data set available 

on ONCOMINE, there is elevated expression of Kaiso and ZEB1, which was inverse for 

expression of E-cadherin. Hence, these results show that Kaiso has an oncogenic role in the 

metastasis of PDCA.

Materials and methods

Patient population

PDCA tissue microarrays (TMAs) were obtained from Emory University (Atlanta, GA). All 

specimens were originally collected utilizing Institutional Review Board-approved 

protocols. Additionally, the Institutional Review Boards of Tuskegee University and Troy 

University approved the use of these tissues for this study. For each patient, the following 

clinicopathological characteristics were assessed: gender, histological grade, pre-invasive 

tumor size, size and extent of the invasive tumor, lymph node positive tissues, and extent of 

regional lymph node metastases.

Immunohistochemistry (IHC)

IHC was performed with the anti-Kaiso clone 6F (Upstate Biotechnology, MA), and TMAs 

were stained for evaluation by IHC [19]. Briefly, cells were scored blindly, and individual 

specimens stained for Kaiso were scored separately for cytoplasmic and nuclear staining. 

Immunostaining was evaluated by determining the percentage of malignant cells in four 

random fields that demonstrated staining on a scale of 0–3. Scores of 0 (no staining), 1 (10–

30% staining), 2 (40–70% staining), and 3 (71–100% staining) were assigned as previously 

described [8,9,20].

Statistical analyses

For all experiments, statistical calculations were performed with Microsoft Excel or 

GraphPad prism software; version 6. Independent Student’s t-tests were utilized to 

determine statistical differences between means of experimental and control values. Tissue 

correlations were made using chi-square and Fisher’s exact test. Any tissues that were 

damaged or lacked su3cient information were removed from the overall cohort. All p values 

were considered statistically significant at <0.05.

Results

Kaiso expression in human PDCA tissue

Previously, we reported that Kaiso expression is higher in aggressive breast and prostate 

cancers and in tumors of African Americans [21]. However, there have been few reports of 

Kaiso expression in PDCAs. To evaluate Kaiso expression and localization in PDCA 

progression, IHC was used to evaluate samples of tumors from 31 African American 

patients, 17 females and 14 males (Table 1). For low-grade malignant tissues, there was high 

expression of Kaiso in the cytoplasm and low levels in the nuclei (Fig. 1A and C, Table 2). 

In high-grade tumors, there was staining for Kaiso in both cytoplasm and nuclei (Fig. 1B 
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and D, Table 2). As determined by immunofluorescence staining for Kaiso, there was a 

similar pattern of expression in low-grade and high-grade tumors, with low to absent 

expression of Kaiso in normal and adjacent normal tissue (Supplemental Fig. S1). Thus, 

Kaiso is robustly expressed in PDCAs.

Cytoplasmic and nuclear Kaiso expression is associated with higher tumor grade and size

To determine the clinical relevance of Kaiso in PDCA, the association of Kaiso expression 

with the clinical grade of tumors, which is typically used as a prognostic factor, was 

analyzed. The tissues were analyzed and scored (0–3) blindly and subsequently analyzed 

quantitatively. In the overall patient population, expression of cytoplasmic Kaiso was higher 

in grade 2 tumors compared to grade 1 tumors (P = 0.0435) (Fig. 2A). For nuclear 

expression, there was no significant difference between tumor grades (Fig. 2A). When the 

population was separated according to gender, there were also no differences between 

nuclear expression and cytoplasmic expression in relation to tumor grade (Fig. 2B). Females, 

however, showed elevated expression of cytoplasmic Kaiso in both grade 1 and grade 2 

tumors, compared to nuclear expression (P = 0.0001 and P = 0.0028, respectively). Grade 2 

tumors from males displayed elevated expression of cytoplasmic Kaiso (P = 0.0013) (Fig. 

2C). Although not statistically significant, there was elevated expression of nuclear Kaiso in 

grade 2 tumors of males (Fig. 2C). Furthermore, females with grade 1 tumors and males 

with grade 2 tumors displayed similar cytoplasmic Kaiso expression pattern.

Tumor size is a prognostic factor used to predict the resectability of PDCAs. To determine if 

there is an association between Kaiso expression and tumor size, tumor samples were 

analyzed based on size classification of ≤2 cm or >2 cm. Tumors of females exhibited high 

levels of cytoplasmic Kaiso expression in both smaller and larger tumors, but there was no 

significant difference (Fig. 2D). However, in tumors of males, overall Kaiso (P = 0.0369) 

and cytoplasmic Kaiso (P = 0.0441) were associated with tumors >2 cm (Fig. 2E). These 

findings suggest that, in tumors of men with PDAC, there is a cytoplasmic to nuclear shift of 

Kaiso expression.

Subcellular expression of Kaiso is associated with the size and extent of invasive tumor 
and lymph node metastases

Early stage PDCA is slow growing and is often undetectable, preventing early diagnosis; 

however, patients often experience rapid and robust metastases after diagnosis [22]. An 

elevated cytoplasmic expression of Kaiso in larger tumors (>2 cm) implies that there is an 

association of Kaiso expression with the size and extent of the invasive or metastatic tumor 

(stage T) of PDCA. Stage T2 tumors have not yet spread outside the pancreas, whereas stage 

T3 and T4 tumors are large and have extended outside the pancreas. Therefore, stage T2 was 

utilized as the cut-off stage to analyze samples from the patient population. Cytoplasmic 

Kaiso expression was predominant in specimens from female patients with Stage T3 and 

above (n = 48; P < 0.0001) (Fig. 3A). Tumors of males displayed elevated Kaiso expression 

in both cytoplasmic and nuclear compartments as Stage T advanced (n = 36; P = 0.0384 and 

P = 0.0236, respectively) (Fig. 3B).
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Since lymph node metastasis is a prognostic factor for surgical extirpation of the primary 

tumor and metastatic tissues [23], the expression of Kaiso in tumors of patients with lymph 

node metastases was analyzed (Stage N). Tissue specimens of female patients with lymph 

node metastases (N11–N3), showed higher cytoplasmic Kaiso (n = 30; P < 0.0001) than 

those with no lymph node metastasis (N0) (n-18) (Fig. 3C). However, cancer tissues of male 

patients with lymph node metastases (N1–N3) showed higher levels of nuclear and overall 

Kaiso (n = 24; P = 0.0413 and P = 0.0141 respectively) (Fig. 3D). For tumors of females 

with lymph node positivity, there were no appreciable effects of tumor stage (Fig. 3E). For 

males, however, there was elevated, nuclear, cytoplasmic, and overall expression of Kaiso in 

those with advanced lymph node positivity (P = 0.0012, P = 0.0001 and P = 0.0002 

respectively) (Fig. 3F). These findings suggest, for PDCAs, an association of sub-cellular 

Kaiso expression and lymph node metastasis and tumor size.

Kaiso expression correlates with clinicopathological characteristics of PDCA patients

To determine the correlation of Kaiso expression with clinicopathological characteristics, 

chi-square analyses were performed (Table 2). In the tumors of males, expression of 

cytoplasmic and nuclear Kaiso correlated with lymph node metastasis (P = 0.0112 and P = 

0.0177, respectively). For tumors of male and female patients, expression of cytoplasmic 

Kaiso correlated with tumor invasion (Stages T3–T4) (P = 0.0101 and P = 0.0418, 

respectively). Although there was no statistical correlation of tumor grade with Kaiso 

expression, there was a trend toward higher cytoplasmic expression in high-grade tumors of 

males (P = 0.0013). These analyses indicate that subcellular Kaiso expression during the 

metastasis of PDCAs correlates with clinicopathological features used to diagnose 

metastatic stages.

Kaiso expression in pancreatic tissue correlates with EMT markers Zeb1 and E-cadherin

ZEB1 is a transcriptional repressor involved in the induction and regulation of the EMT and, 

in various tumor types, including PNCAs, in invasion and metastasis through regulation of 

E-cadherin expression [24]. Moreover, metastasis is related to loss of E-cadherin [8,9]. 

Kaiso regulates various genes, including E-cadherin [8,9]. To explore this relationship in 

PDCAs, tissue samples of grade 1 and grade 2 PDCAs were stained for ZEB1 and E-

cadherin and scored as described above (Fig. 4). There were no appreciable increases in 

ZEB1 expression in grade 1 and grade 2 tumors from female patients (Fig. 5A). There were, 

however, increases of cytoplasmic, nuclear, and overall ZEB1 in tumors of male patients 

(Fig. 5B). This trend continued for other clinical features; tumors from males, but not 

females, exhibited elevation of cytoplasmic, nuclear and overall ZEB1 expression in tumors 

of Stage T > 2 (Fig. 5C and D) and in tumors of patients with positive lymph nodes (Fig. 5E 

and F). When data for tumors from male and female patients were combined, there were no 

significant changes in expression of Kaiso, ZEB1, or E-cadherin (data not shown). High-

grade tumors showed elevated expression of Kaiso (P < 0.0004) (Fig. 2A) as compared to 

expression of E-cadherin (Fig. 6A and B). However, there was a correlation between the 

expression of Kaiso and ZEB1 with E-cadherin (P < 0.0238), as determined by chi-square 

analysis (Fig. 6C). These results suggest that Kaiso, together with ZEB1, has an influence on 

the expression of E-cadherin.
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To validate the expression of Kaiso, ZEB1, and E-cadherin in PDCAs, levels of mRNA 

expression of all three genes were analyzed using the Badea et al. data set, available on 

Oncomine, which contains expression values for 39 patients [25]. Expressions of Kaiso p = 

6.51 × 10−5 (Fig. 7A) and ZEB1 2.76 × 10−9 (Fig. 7B) are elevated in PDCAs compared to 

tissues from normal patients. There was no significant difference in E-cadherin expression in 

PDCAs compared to normal tissue (Fig. 7C). Thus, in PDCAs, Kaiso is elevated at both the 

mRNA and protein levels.

There is a growing literature on the role of Kaiso in cancer, therefore a proposed model for 

the role of Kaiso in male and female PDAC patients is included, where upregulation of 

EGFR or constitutively active mutant KRAS is responsible for nuclear localization of Kaiso 

(Fig. 8).

Discussion

There is a 50–90% higher incidence of PDCA for African Americans compared to the 

general population [26,27]. Furthermore, PDACs are more prevalent in African American 

male patients as compared to females [8,39]. Cigarette smoking, which causes about 25% of 

PDCAs [1], is more common among African American males [2] and may explain, in part, 

why PDCA is more prevalent in this group. Other risk factors for PDCA more common in 

African Americans include diabetes mellitus, pancreatitis, and being overweight. Also, late 

detection and rapid progression of PDCA may contribute to their low survival rates [27]. 

Socioeconomic status is not the major factor contributing to this disparity, however, as 

African Americans present a pro-tumorigenic gene profile [28,29], thus, there is a need to 

elucidate the factors that contribute to tumorigenesis.

Kaiso, which is involved in silencing of various tumor suppressor genes, is a promising 

prognostic biomarker and therapeutic target for multiple tumor types [8,9,15,16]. Kaiso 

expression and localization varies in different types of tumors. For example, cytoplasmic 

localization of Kaiso is associated with poor prognosis of chronic myeloid leukemia and 

non-small cell lung cancer [16,17], while nuclear Kaiso is a poor prognostic marker in 

colon, breast, and prostate tumors [8,9,13]. However in all tumor types, evaluated 

expression, particularly in African American cancer patients compared to non-malignant 

tissue [8,9,13]. Interestingly, loss of Kaiso results in the re-activation of the tumor 

suppressor genes silenced by hypermethylation, indicating that Kaiso can be targeted 

therapeutically [14]. Additionally, however, there are no reports regarding Kaiso expression 

in PDCAs, and thus its role and association with clinicopathological characteristics of 

PDCA need to be elucidated.

In the present study, a TMA-based survey of tumors from African American patients was 

used to analyze the expression pattern of Kaiso in PDCA tissues. Tumors from both male 

and female patients displayed high levels of cytoplasmic Kaiso; however, only male patients 

demonstrated increases in grade 2 tumors compared to grade 1 tumors. In tumors of males, 

there were elevated levels of both cytoplasmic and nuclear Kaiso, and this correlated with 

other factors that determine tumor aggressiveness, such as tumors <2 cm in size and 

positivity for lymph node metastases. Although there were no appreciable differences in 
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Kaiso levels in tumors of females, grade 1 tumors from females had similar Kaiso 

expression levels as males with aggressive disease. These results suggest that Kaiso has a 

gender-specific role in promoting aggressiveness in patients with PDCA.

The cytoplasmic-to-nuclear shift of Kaiso in males with lymph node-positive tumors is 

similar to our findings with lymph node-positive breast and prostate cancers, in which 

tumors have undergone an EMT [8,9]. Similar to results for primary tumors, males with 

regional lymph node metastases displayed a higher expression of both nuclear and 

cytoplasmic Kaiso that was not observed in tumors from females. To verify that these 

changes are associated with tumors undergoing EMT, the same patient samples were probed 

for the EMT markers, ZEB1 and E-cadherin, which are prognostic factors for PDAC [30]. 

Similar to our finding with Kaiso, both cytoplasmic and nuclear expressions of ZEB1 

correlate with tumor stage and positive lymph node status. Additionally, high levels of Kaiso 

and ZEB1 are associated with decreased expression of E-cadherin [24], which was not 

observed in a comparison of E-cadherin in grade 1 and grade 2 tumors. Furthermore, there 

were elevated expressions of Kaiso and ZEB1 as determined with Oncomine data from the 

Badea et al. study [25]. Thus, given the widespread association of ZEB1 and E-cadherin as 

prognostic markers for multiple tumor types, including PDAC, the present data suggest that 

Kaiso could be added to these markers.

Although males develop 30% more PDCA relative to females, the molecular mechanism 

remains elusive. Previously, we demonstrated that stimulation of epidermal growth factor 

receptor (EGFR) is at least partially responsible for shuttling Kaiso to the nucleus [9]. There 

is overexpression of EGFR in up to 90% of PDACs [31,32], with males expressing more 

than female patients [33]. Nevertheless, EGFR inhibitors have only a marginal clinical 

benefit [34]. This is largely due to downstream mutations in KRAS, which activate various 

EGFR signaling pathways independent of EGFR ligand activation [34]. Since both Kaiso 

and ZEB1 are transcriptional repressors, it is possible that the cytoplasmic-to-nuclear shift is 

the result of EGFR or mutant KRAS signaling causing increased invasiveness and 

aggressiveness of PDCA. A second option is that nuclear localization of Kaiso inhibits the 

anti-inflammatory effects of p120-catenin (a Kaiso binding partner), which is responsible for 

IκB-α degradation [35]. This is particularly evident in studies where KaisoTg/+ (Kaiso-

overexpressing) mice crossed with ApcMin/+ mice demonstrate increased tumorigenesis and 

significant increases in NFκB and pro-inflammatory cytokines IL-7, IL-3, CCL2-monocyte 

chemotactic protein 1 (MCP1), CCL4-macrophage inflammatory protein-1 (MIP1β), GM-

CSF and G-CSF. Similarly, Kaiso-null mice crossed with ApcMin/+ mice displayed a delayed 

onset of intestinal tumors [15]. While more studies should focus on the interaction of Kaiso 

and p120ctn in regulating inflammation, it is well characterized that subcellular expression 

of p120ctn in tumors is associated with a lack of E-cadherin [36,37]. Multiple studies 

provide evidence that males have higher incidence of certain cancers compared to females 

[35,38], and PDACs represent an excellent example of inflammation driven tumors. Thus, it 

is plausible that Kaiso has a role in inducing both inflammation and EMT, factors that are 

necessary for metastases to occur. Although we have not determined the influence of other 

methyl binding proteins like ZBTB4 on EMT or inflammation, our observations support the 

multiple findings that subcellular localizations of Kaiso and ZEB1 regulate the loss of E-

cadherin [8].
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In summary, due to the slow progression of PDCAs in early stages, Kaiso expression and 

localization varies relative to other cancer types such as prostate and breast cancers. In 

PDCAs, Kaiso may have a dual function. It is likely that cytoplasmic Kaiso drives high-

grade, larger tumors (>2 cm) toward metastases with simultaneous loss of E-cadherin. Once 

the tumors metastasize from its primary site, Kaiso localizes to the nucleus and, together 

with ZEB1 and other tumor suppressors, promotes invasiveness of PDCAs. The exact reason 

is that there are gender differences in Kaiso expression that are largely known; more work 

should be done to determine the hormonal influence on Kaiso in both males and females. 

Additional studies in females pre- and post-menopause would also add insight into the 

gender/hormonal influences on Kaiso.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Kaiso expression is elevated in High Grade Pancreatic Tumors.

• Males’ expression more significantly increases in cytoplasmic and 

nuclear Kaiso.

• Kaiso and ZEB1 correlate with loss of E-cadherin expression.
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Fig. 1. 
Subcellular localization of Kaiso in PDCAs. 6F8 Kaiso antibody was used to perform IHC 

on a pancreatic TMA. (A) Low-magnification images demonstrated that Kaiso is expressed 

in the cytoplasm of grade 1 tumors, but with weak to absent nuclear expression. (B) Low-

magnification images of grade 1 tumors demonstrated intense Kaiso expression in the 

cytoplasm and the nucleus. (C) High-magnification images showing intense Kaiso 

expression in the cytoplasm and weak expression in the nucleus. (D) High-magnification 

images showing that Kaiso is expressed at high levels in both the cytoplasm and nucleus. 

The quality of each specimen was determined based on hematoxylin and eosin staining (data 

not shown). Low magnification ×100; high magnification ×400.
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Fig. 2. 
Elevated cytoplasmic in high-grade PDCAs. Scoring of Kaiso expression in the cytoplasm 

and nucleus was compared for grade 1 and grade 2 tumors. (A) Overall, there was elevated 

expression of cytoplasmic Kaiso (P = 0.0435). (B) For female patients, there was no increase 

in expression of cytoplasmic or nuclear Kaiso. (C) For males, there was an increase in 

cytoplasmic Kaiso (P = 0.0013). (D) For stage T2 tumors of females, there was no 

appreciable difference in cytoplasmic expression. (E) For males, there was an increase in 

cytoplasmic Kaiso (P = 0.0441) and nuclear Kaiso (P = 0.0236) in tumors >2 cm in size. *P 

< 0.05 is significant. **P < 0.01 is significant. ***P < 0.001 is significant.
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Fig. 3. 
Cytoplasmic and nuclear expression of Kaiso in male and female PDAC patients. 

Cytoplasmic and nuclear expression of Kaiso was compared in tumors ≤2 or ≥2 cm in size. 

(A) There were no significant differences in cytoplasmic or nuclear Kaiso expression in 

tumors of females. (B) Tumors of males ≥2 cm in size demonstrated higher levels of 

cytoplasmic (P = 0.0384) and nuclear Kaiso (P = 0.0236). (C) Tumors of females did not 

demonstrate a significant difference with positive or negative lymph nodes (Stage N). (D) 

For lymph node-positive patients compared to lymph node-negative patients, tumors of 

males showed elevated Kaiso in the nucleus (P = 0.0413) and overall (P = 0.0141). (E) For 

females, there was no significant difference in tumors ≥2 or ≤2 cm in size that had positive 

or negative lymph nodes. (F) Tumors of males ≥2 cm in size with positive lymph nodes 

showed elevated expression of Kaiso in the cytoplasm (P = 0.0001), in the nucleus (P = 

0.0012), and overall (P = 0.0002). LN+ve, lymph node positive; LN−ve, lymph node 

negative. *P < 0.05 is significant. **P < 0.01 is significant. ***P < 0.001 is significant.
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Fig. 4. 
Expression and subcellular localization of ZEB1 and E-cadherin in PDACs. Anti-ZEB1 and 

anti-E-cadherin antibodies were used for IHC analysis of grade 1 and grade 2 tumors. 

Images are representative of ZEB1 and E-cadherin expression. (A) Low-magnification 

image of ZEB1 expression in grade 1 tumors. (B) Low-magnification image of ZEB1 

expression in grade 2 tumors. (C) Low magnification image of E-cadherin expression in 

grade 1 tumors. (D) Low magnification image of E-cadherin expression in grade 2 tumors. 

Low magnification ×100.
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Fig. 5. 
Subcellular localization of ZEB1 in PDACs. Expression of cytoplasmic and nuclear ZEB1 

was assessed in tumors ≤2 or ≥2 cm in size. (A) For tumors of females, there was no 

appreciable elevation in expression of cytoplasmic or nuclear ZEB1. (B) For males, high-

grade tumors >2 cm in size showed high nuclear (P = 0.0298), cytoplasmic (P = 0.0441) and 

overall (P = 0.0369) expressions of ZEB1. (C) Stage T tumors of females did not 

demonstrate a significant difference in expression of ZEB1. (D) For males, Stage T tumors 

≥2 cm in size showed elevated expression of ZEB1 in the cytoplasm (P = 0.05), in the 

nucleus (P = 0.041), and overall (P = 0.014). (E) In lymph node-positive relative to lymph 

node-negative patients, tumors of females did not demonstrate a significant difference in 

expression of ZEB1. (F) Lymph node-positive compared to lymph node-negative tumors of 

males demonstrated elevated expression of ZEB1 in the cytoplasm (P = 0.0001), in the 

nucleus (P = 0.0012), and overall (P = 0.0002). LN+ve, lymph node positive; LN−ve, lymph 

node negative. *P < 0.05 is significant. **P < 0.01 is significant. ***P < 0.001 is significant.

Mukherjee et al. Page 16

Cancer Lett. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 6. 
ZEB1 and E-cadherin expression correlates with Kaiso expression. Scoring of E-cadherin 

expression in grade 1 and grade 2 tumors. (A) Grade 2 tumors of females demonstrated 

lower expression of E-cadherin (P = 0.0182). (B) Grade 2 tumors of males also 

demonstrated lower E-cadherin expression (P = 0.0044). (C) As determined by chi-square 

analysis, there was a correlation between the expressions of Kaiso and ZEB1 with E-

cadherin (P < 0.0238).
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Fig. 7. 
Kaiso, ZEB1, and E-cadherin gene analysis in PDCA (Oncomine database). Box plots 

derived from gene expression data in Oncomine comparing expression of each gene in 

normal (left plot) and PDCA tissue (right plot). (A) ZBTB33 (Kaiso); (B) ZEB1; and (C) E-

cadherin. Oncomine box plots were retrieved from Badea et al. [25].
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Fig. 8. 
Proposed model of Kaiso subcellular localization in male and female patients with PDAC. 

Upregulation of EGFR or constitutively active mutant KRAS is responsible for nuclear 

localization of Kaiso, ZEB1 and ERK. Nuclear localization of ERK could be responsible for 

increasing Kaiso expression, and nuclear Kaiso could inhibit the anti-inflammatory effects 

of nuclear p120ctn and increase the expression of pro-inflammatory cytokines IL-7, IL-3, 

MCP1, MIP1β, GM-CSF and G-CSF.
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Table 1

Clinical and pathological characteristics of patient cohort.

Number of patients

Characteristics 31*

Gender

 Female 17 54.80%

 Male 14 45.16%

Race

 AA 31 100%

Grade**

 High 10 32.26%

 Low 20 64.52%

Tumor size**

 ≥2 6 19.35%

 ≤2 24 77.42%

LN positive**

 ≥2 20 64.52%

 ≤2 10 32.26%

Stage T**

 ≥2 (T1–T2) 7 22.58%

 ≤2 (T3–T4) 21 67.74%

Stage N**

 N0 10 32.26%

 N1–N3 18 58.06%

NOTE:

*
Patients missing due to the lack of clinical characteristics or tissue damage was excluded from the analysis.

**
Data are missing for few patients.
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