Reciprocal relationship of Tn/NF-κB and sTn as an indicator of the prognosis of oral squamous cell carcinoma
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Aims: In order to determine whether the expression of tumour-associated carbohydrate antigens (Tn/sTn) and a representative inflammation marker, nuclear factor-κB (NF-κB), is associated with the invasiveness of oral squamous cell carcinoma (OSCC), this study has attempted to investigate the correlation of the aforementioned markers with the well-established invasive pattern grading score (IPGS) and clinicopathological parameters.
Methods and results: Specimens from 143 OSCC patients with classified clinicopathological parameters and IPGS were stained immunohistochemically using anti-Tn, sTn and NF-κB antibodies. Our results showed that the expression of both Tn and NF-κB was correlated positively with staging (P = 0.036; P = 0.015), recurrence (P < 0.001; P < 0.001) and distant metastasis (P = 0.005; P = 0.009), as well as with IPGS, while the expression of sTn was correlated inversely. In addition, poor survival was associated with overexpression of Tn and NF-κB but not with expression of sTn. 
Conclusions: Our results indicate that a reciprocal relationship between Tn and sTn expression may serve as a reliable indicator for OSCC prognostic evaluation. In addition, expression of Tn rather than sTn may play an important role in deeply invasive OSCC via regulation of NF-κB signalling. 
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Introduction
Morbidity and mortality due to oral squamous cell carcinoma (OSCC) are increasing, both in Taiwan and worldwide.1 In spite of substantial developments in both diagnostic and therapeutic strategies during recent years, the prognosis for patients with OSCC is still unfavourable,2,3 due to the presence of extensive local invasion or frequent regional lymph node metastasis, even at initial diagnosis. Therefore, there is an urgent need to develop effective biomarker(s) that can provide a valid assessment of the biological behaviour of the tumour as an aid to both diagnosis and therapy in OSCC.
Expression of tumour-associated carbohydrate antigens (TACAs) is associated with many infectious diseases and cancers.4–6 A variety of malignant and normal tissues have been screened by immunochemistry using antibodies against TACAs.7,8 Overexpression of TACAs is always observed on the cell surface of malignant tumour cells. Two common TACAs, Tn and sialyl-Tn (sTn), are presented as mucin-type carbohydrates.9–11 To synthesize Tn antigen (GalNAc-Ser/Thr), N-acetylgalactosamine (GalNAc) is conjugated to the serine (Ser) or threonine (Thr) sites of mucin by GalNAc transferase (ppGalNAcT), while the synthesis of sTn (NeuAc-6GalNAc-Ser/Thr) involves addition of the sialyl moiety to Tn by sialyltransferase. Thus, sTn is regarded as a progression of Tn.12 In normal tissue, Tn and sTn are generally masked by the addition of further carbohydrate moieties. Previous studies have shown that Tn and sTn are often expressed by human carcinomas, including prostate and breast cancer,13,14 and are strongly associated with advanced cancers that are more invasive, highly proliferative and metastasize easily, resulting in a poor clinical outcome.5,13 Although Tn and sTn were thought to be the result of abnormal glycosylation related to cancer, it is still not completely understood whether the appearance of Tn/sTn correlates with cancer invasion and metastasis.
Various factors affect both tumour invasion and metastasis in the tumour microenvironment, which is composed of infiltrating immune cells, secretory cytokines and chemokines. These factors accelerate the motility, invasiveness and metastasis of tumour cells.15–17 Extensive studies have shown that nuclear factor-κB (NF-κB) plays a pivotal role in tumour progression and metastasis via its regulation of expression of target genes.18–21 Activation of NF-κB can be induced by various factors, including inflammatory stimuli such as tumour necrosis factor-α(TNF-α), interleukin-1, reactive oxygen species (ROS) and pathogens. It has been reported that NF-κB can also regulate the epithelial–mesenchymal transition (EMT) phenotype via Snail and/or Twist, leading to suppression of epithelial markers, primarily E-cadherin, and enhancement of mesenchymal markers, including vimentin, fibronectin and N-cadherin.20,22,23 There is therefore evidence of a close interaction between NFκB and EMT-associated proteins. However, the association of NF-κB and TACAs (Tn/sTn) needs further clarification.
In our previous study,24 we developed the invasive pattern grading score (IPGS) system for classifying OSCC, and confirmed that this simple and easy method not only provides a link between histological assessment and biological behaviour, but also provides independent prognostic information in planning treatment for OSCC. Recently, we have also successfully developed an anti-Tn vaccine that protects against prostate cancer in transgenic adenocarcinoma of the mouse prostate (TRAMP) mice. Using anti-Tn vaccine, we were able to obtain anti-Tn antibodies with high specificity and high affinity. Applying anti-Tn antibody, we have demonstrated that the expression of Tn is correlated positively with the degree of malignancy in prostate cancer.25 However, it is not known if Tn, sTn and NF-κB are involved in the biological behaviour of invasive OSCC. This study was therefore undertaken to determine whether or not the expression of Tn, sTn and NF-κB and the relationships between them are of prognostic significance in OSCC.
Materials and methods
P A T I E N T S A N D T I S S U E S P E C I M E N S
Tissue specimens from 200 patients with OSCC were retrieved from the archives of the Department of Pathology, Tri-Service General Hospital (Taipei, Taiwan). The study of all specimens received ethics approval from the Tri-Service General Hospital Institutional Review Board (no. 099-05-229). We obtained these specimens from radical surgical resections of OSCC undertaken between January 2000 and December 2002. Fifty-seven patients either without follow-up or insufficient clinicopathological data for analysis were excluded. Therefore, only 143 cases of OSCC were included in this study and reclassified according to the classical grading system26 and IPGS.24

I M M U N O H I S T O C H E M I S T R Y
Tissue sections were de-waxed in xylene and rehydrated in alcohol, followed by incubation in 0.01 M citrate buffer pH 6.0 at 95°C for 40 min in a waterbath. They were then treated with 0.3% H2O2 for 30 min to block endogenous peroxidase; and incubated with 5% normal goat serum in phosphate-buffered saline (PBS) for 2 h at room temperature to block non-specific antibody reactions. After three washes with PBS containing 0.1% Tween 20 (PBST), sections were incubated with anti-Tn (1 in 200 dilution), anti-sTn (1 in 200 dilution)25 or anti-NF-κB antibody (1 in 200 dilution; Cell Signalling Technology, Denver, CO, USA) for 30 min at room temperature, while negative controls were incubated with PBS under the same conditions. After rinsing in PBST, tissue sections were incubated with Envision horseradish peroxidase (Dako, Glostrup, Denmark) for 30 min at room temperature and subsequently incubated with a substrate–DAB chromogen buffer (Dako), before being counterstained with Mayer’s haematoxylin, dehydrated and coverslipped with mounting medium.

G E N E R A T I O N O F A N T I - T N A N D A N T I - S T N A N T I B O D I E S
Anti-Tn and -sTn antibodies were generated as described elsewhere.25 In brief, we conjugated Tn and sTn individually to a bipartite antigen carrier protein (Mw = 34 kDa). The carrier protein contains two domains. One has a synthetic cysteine-rich motif for glycotope conjugation and hence effective activation of naive B cells. The other is an IgG Fc domain that binds the Fc receptor on antigen-presenting cells to facilitate activation of type 2 T helper cells and hence class-switching and affinity selection, leading to the production of high-affinity IgG antibodies. We then used these two glycotope–carrier protein conjugates to immunize BALB/c mice and successfully produced anti-Tn and anti-sTn antibodies with high affinity and high specificity.

C A L C U L A T I O N O F I N V A S I V E P A T T E R N G R A D I N G S C O R E
Use of the IPGS was as described in a previous report.24 A search was carried out for the deep invasive front of the OSCC interfacing the stromal tissue, where carcinoma-associated fibroblasts are present, to identify the invasive pattern or patterns, which were scored under both low- and high-power field microscopy. Because of the histological variation within each tumour, the scores of the two most prevalent patterns at the invasive front of OSCC – the predominant (primary) grade, and the less extensive (secondary) grade – were combined to give a total score, the IPGS. Tertiary patterns were not considered in the IPGS. Because each invasive pattern was assigned a score between 1 and 4, the total summed scores ranged from 2 to 8. In the case of a consistent invasive pattern where only one grade was present, IPGS was calculated by doubling the invasive score. The minimal cut-off for inclusion in the IPGS was a pattern comprising at least 20% of the tumour invasive front. The tumours were divided into two groups classified as high (>5) or low IPGS (≤4), with a score of 4 as the threshold.
I M M U N O H I S T O C H E M I C A L S T A I N I N G E V A L U A T I O N
The histopathological slides of all the OSCC specimens were reviewed concurrently and independently by two expert pathologists using the same type of microscope without prior knowledge of each patient’s clinical details. To evaluate precisely and objectively the intensity of Tn, sTn and NF-κB staining, we used a Zeiss AxioImager-Z1 microscope to capture images of all sections, and measured the intensity of staining for the three markers using Program Metamorph software. Intensity was classified into three categories: no staining scored 0, less than average intensity (low intensity) scored 1, and higher than average (high intensity) scored 2. Adobe Photoshop CS5 was used to measure the distribution of each of the three markers as a percentage of the total tumour area. We multiplied the intensity score by the distribution percentage to obtain an immunoreactivity score, ranging from 0 to 200. The mean immunoreactivity score of each marker was selected as the cut-off point to separate tumours showing low (≤mean) and high (>mean) expression.
S T A T I S T I C  A L A N A L Y S I S
The χ2 test was used to correlate the expression levels of Tn, sTn and NF-κB with clinicopathological parameters and IPGS. The prognostic significance (overall survival) of the expression levels of the three markers and of the clinicopathological parameters was assessed using Cox regression. The Kaplan–Meier method was used to obtain survival curves. SPSS software version 15.0 (SPSS UK Ltd, Woking, UK) was used for the analysis. P < 0.05 was considered significant. 
Results
T H E  E X P R E S S I O N  L E V E L S  O F  T N , S T N  A N D  N F - κ B A R E C L O S E L Y C O R R E L A T E D WI T H C L I N I C O P A T H O L O G I C A L 
P A R A M E T E R S

As shown in Table 1, both Tn and NF-κB expression were correlated significantly with tumour size, regional lymph node metastasis, distant metastasis, stage, tumour recurrence, patient survival and IPGS, but not with age, sex or tumour differentiation. NF-κB expression was also correlated significantly with tumour location. However, sTn only correlated significantly with tumour recurrence, patient survival and IPGS, but not with age, sex, tumour size, regional lymph node or distant metastasis, stage, location or tumour differentiation. This implied that the Tn/NFκB signalling axis is involved in OSCC progression.

T N  A N D  N F - κB  A R E  C O R R E L A T E D  P O S I T I V E L Y  W I T H  I P G S ; S T N  IS  C O R R E L A T E D  N E G A T I V E L Y  W I T H  I P G S
To further confirm that tumour invasion and the expression of Tn, sTn and NF-κB are closely associated, we reclassified the 143 samples of OSCC using our IPGS system. When correlated with different IPGS from low to high (2–8), gradients of expression of Tn, sTn and NF-κB were observed in the cytoplasm and on the cell surface of OSCC. In tumours with the lowest IPGS, indicating that the tumour invaded on a broad front with a smooth outline, weak expression of Tn and NF-κB was observed in contrast to intense and diffuse expression of sTn. However, in tumours with the highest IPGS, Tn and NF-κB were markedly increased, especially at the infiltrating edge or invasive front of the tumour, in contrast to a decrease in sTn expression (Figure 1). The expression of Tn/NFκB and sTn showed a reciprocal relationship with the IPGS: the levels of Tn and NF-κB increased with increasing IPGS, while the levels of sTn declined as the IPGS increased (Figure 2).

T N I S A N I N D E P E N D E N T R I S K F A C T O R F O R P R O G N O S I S I N O S C C
In univariate analysis, there was a significant association between patient survival and the levels of Tn, sTn and NF-κB, stage, recurrence and IPGS. Similar results were also found using log-rank analysis (Table 2). As shown in Figure 3, we followed-up the 143 patients with OSCC from initial diagnosis for 10 years, and the levels of Tn, sTn and NF-κB all showed a significant association with patient survival by Kaplan–Meier analysis. This implies that higher expression of Tn/NFκB and lower expression of sTn are associated significantly with poorer survival. In multivariate analysis, including the risk factors (Tn, sTn, NF-κB, stage, recurrence, and IPGS) identified by univariate analysis, only the level of Tn was an independent risk factor for overall survival in OSCC: higher expression of Tn conferred a 2.39-fold higher risk of poorer survival compared with lower expression.

Discussion
In assessing Tn, sTn and NF-κB expression, we used an immunoreactivity score comprising both the intensity and distribution of staining, which may help to produce more representative indicators and also to avoid miscalculation resulting from tumour heterogeneity in cancer tissues. In OSCC, expression of both Tn and NF-κB, but not sTn, were correlated positively with various prognostic factors, including tumour size, regional lymph node or distant metastasis, stage, recurrence and patient survival. Tn and NF-κB expression correlated positively with IPGS, whereas sTn correlated inversely with IPGS. Although univariate analysis showed that Tn, sTn and NF-κB were all associated with overall survival, on multivariate analysis only Tn was an independent prognostic factor. In other words, high-level expression of sTn is usually found in tumours with a low IPGS, and sTn expression attenuates in deeply invasive OSCC, which often have a high IPGS. Thus, sTn expression may be regarded as an indicator of the initial stages of invasiveness of OSCC. In contrast, Tn and NF-κB were overexpressed in deeply invasive OSCC with high IPGS, but neither was overexpressed in superficial invasive OSCC. Thus, Tn plays a crucial role in deep invasion and metastasis of OSCC, when overexpression of NF-κB is also involved in the interaction between the tumour and its microenvironment. As reported in previous studies,27–29 overexpression of sTn reduces cell growth but increases cell invasion in breast cancer cells. This study appears to contradict our observation that the level of sTn was low in OSCC with high IPGS. A possible explanation is that sTn may be involved in the initial stage of invasion, and at later stages Tn, but not sTn, may play a pivotal role. The result of the cell assay may reflect the role of sTn in the initial stage of invasion. Thus, there is no conflict between these studies and our finding that Tn and sTn have a reciprocal relationship with cancer invasion in OSCC. It has been shown comprehensively that in many cancers Tn and sTn are strongly associated with metastatic potential and poor prognosis. Therefore, immunotherapy targeted at Tn or sTn has been developed in the past 20 years.5,30–32 Recently, we have successfully produced anti-Tn and anti-sTn monoclonal antibodies (mAb) with high affinity and high specificity. These two antibodies recognize their cognate antigens exclusively.25 In this study, we have reported the reciprocal relation of Tn and sTn in OSCC progression. A number of studies have evaluated the association between Tn and sTn profiles in several cancer types using different antibodies from various sources. Lower expression of sTn has been reported in verrucous oral carcinoma using TKH2 anti-sTn mAb.33
Higher expression of Tn (with Dako anti-Tn mAb) and lower expression of sTn (with Dako anti-sTn mAb) were also reported in head and neck squamous cell carcinoma (HNSCC), although the positivity rate was very low.34 However, the same authors also reported that Tn and sTn profiles were no different among a larger-scale HNSCC population.35 sTn antigen was detected in both colon cancer and normal colon tissue using TKH2 and B72.3 mAb, and TKH2 mAb when the O-acetyl group was removed.36 One possible explanations for the differences between their results and ours may be the effects of enzymatic or chemical treatment, which may cause conformational and structural change and lead to low positivity or alternative specificity. For example, neuraminidase treatment or NaOH saponification may have uncovered the epitopes (glycotopes) and increased sensitivity to the antibodies they used; however, conformational and structural alteration may lead to lower specificity and/or inconsistent findings. In our study, we did not perform any pretreatment of our tissue specimens before using our anti-Tn and sTn antibodies. Thus, our result suggests that our antibodies recognize the more compact structure of Tn and sTn antigens. Interestingly, we observed that both Tn and sTn were intensely expressed at the invasive front or infiltrating border of OSCC. In this area, tumour cells show cytoskeleton rearrangement and alterations in adhesion and motility, and progress easily to advanced invasion and metastasis resulting from EMT. EMT is caused directly by loss of epithelial cell markers and gain of mesenchymal cell markers.17 Our previous studies showed that fascin, an actin bundle protein, was also intensely expressed at the invasive front or infiltrating borders of OSCC, and small inhibitory (si) RNA down-regulation of fascin resulted in alterations in expression of E-cadherin, bcatenin and Twist, implicating the association of invasiveness with EMT.37 As demonstrated previously, 18 the pro-inflammatory cytokine TNF-a can be induced by overexpression of Twist via activation of NF-κB. TNF-a-induced Twist expression in breast cancer leads to EMT, invasion and metastasis. Such studies suggest the provocative possibility that crosstalk between Tn/sTn and EMT-associated molecules may be involved in the development of EMT and tumour invasion. Overexpression of Tn and sTn antigens may affect the recognition of tumour cells by immune cells, including B and T lymphocytes, macrophages and dendritic cells, resulting in immune escape of tumour cells and a poor prognosis for cancer patients.38 In addition, Ishino et al.39 reported that overexpression of Tn and sTn was correlated with COX-2 expression, and that mucin induced COX-2 in tumour-infiltrating macrophages in the tumour microenvironment. Collectively, such evidence provoked our interest in exploring whether or not Tn and sTn are correlated with these EMT-related molecules and are regulated by inflammatory cytokines via activation of NF-κB during the process of invasion and metastasis. However, more evidence is needed to dissect the signalling axis of NF-κB and Tn/sTn. Further studies of the correlations between Tn/sTn expression and EMT-associated molecules in OSCC with an assigned IPGS are under way in our laboratory.
In conclusion, this study presents evidence of a reciprocal relationship between Tn and sTn expression in OSCC during tumour progression and acquisition of a high IPGS score. These markers may represent new adjunct targets for treatment strategies in patients with invasive OSCC.
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Figure 1. Comparisons of the expression of Tn, sTn and NF-κB in specimens of oral squamous cell carcinoma with different invasive pattern grading scores (IPGS). Microscopic photographs are shown of seven representative tumours with different IPGS, stained with H&E (first panel) and using immunohistochemistry for Tn, sTn and NF-κB (second to fourth panels). Higher-power magnification images of each figure with better resolution are shown in the insets. The expression of Tn (second panel) increased, and the expression of sTn (third panel) decreased, as IPGS increased. Expression of NF-κB (fourth panel) was correlated positively with IPGS, similar to the expression of Tn. In tumours with the lowest IPGS (2, left-most column) indicating tumour invasion on a broad front with a smooth outline, faint and weak expression of Tn and NF-κB was observed, in contrast to intense and diffuse immunoreactivity for sTn. In tumours with the highest IPGS (8, right-most column), the immunoreactivity for Tn was markedly increased, especially at the infiltrating edge or invasive front of the tumour.

Figure 2. The three curves show the correlation between invasive pattern grading score (IPGS) and immunoreactivity for Tn, sTn and NF-κB. The expression of Tn and NF-κB increased with increasing IPGS from 2 to 8. In contrast, the expression of sTn decreased with increasing IPGS.

Figure 3. Associations between cumulative survival and Tn, sTn and NF-jB expression in 143 patients with oral squamous cell carcinoma (Kaplan–Meier analysis).
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Table 1. Correlation of expression of Tn, sTn and NF-κB with clinical variables in 143 patients with oral squamous cell carcinoma
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Table 2. Correlations of Tn, sTn, NF-κB and clinical parameters with survival
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