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中文摘要 

背景: 細胞凋亡抑制蛋白 1 (cIAP-1)的過度表現，已經在不同的人類癌症中被發

現，且和腫瘤的大小，淋巴結的轉移，腫瘤分期，復發和預後等有關。 

方法: 在本研究中，我們利用免疫組織化學染色法，探討 cIAP-1 蛋白質在 73 例口

腔鱗狀細胞癌（OSCC），76 例口腔上皮變異（OED；23 例輕度，34 例中度，19

例重度上皮變異），31 例正常口腔黏膜（NOM）之表現。計算 cIAP-1 在 OSCC、

OED、和 NOM 細胞質的染色強度(staining intensity, SI)和染色指標(labeling indices, 

LIs，定義為在所有細胞中陽性染色細胞的百分比)並比較組間差異。利用統計分析

OSCCs 細胞質 LIs 和臨床參數或存活率間的關連性。 

結果: 結果顯示平均細胞質 cIAP-1 LIs 從 NOM (23±22%)， 經 OED (50±25%) 至

OSCC 樣本 (73±17%)，呈統計上有意義增加 (NOM v.s. OED or OSCC, P=0.000; 

OED v.s. OSCC, P=0.000)。平均細胞質 cIAP-1 LIs 和 OSCCs 和局部淋巴轉移

(P=0.000)，和較高的臨床分期(P=0.045)有明顯相關。 

結論: 我們的結果顯示，cIAP-1 廣泛地表現在正常的、變異的與惡性的口腔上皮

細胞之細胞質中。而 cIAP-1 在細胞質的表現從 NOM 至 OED 至 OSCC 有顯著的

增加。量測 OSCC 樣本細胞質 cIAP-1 的表現，也許可預測口腔癌的進程、復發和

預後。 

 

關鍵字: 細胞凋亡抑制蛋白 1，口腔癌，口腔癌前病變 
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Abstract 

Background: Overexpression of cellular inhibitor of apoptosis protein 1 (cIAP-1) has 

been demonstrated in a variety of human cancers and found to be associated with the 

lymph node metastasis, clinical stage, recurrence, or prognosis of these cancers.  

Methods: In this study, we examined the expression of cIAP-1 protein in 73 specimens 

of oral squamous cell carcinoma (OSCC), 76 specimens of oral epithelial dysplasia 

(OED), and 31 specimens of normal oral mucosa (NOM) by immunohistochemistry. 

The cytoplasmic cIAP-1 labeling indices (LIs) in OSCC, OED, and NOM samples were 

calculated and compared between groups. The correlation between the cytoplasmic 

cIAP-1 LI in OSCCs and clinicopathological parameters or survival of OSCC patients 

was analyzed statistically.  

Results: The mean cytoplasmic cIAP-1 LIs increased significantly from NOM (23 ± 

22%) through OED (50 ± 25%) to OSCC samples (73 ± 17%) (P = 0.000). A significant 

correlation was found between the higher mean cytoplasmic cIAP-1 LIs and OSCCs 

with positive lymph node metastasis (P = 0.000) or more advanced clinical stages 

(P=0.045).  

Conclusion: Our results suggest that the increased expression of cIAP-1 is an early 

event in oral carcinogenesis and the cIAP-1 may be a biomarker for OSCCs. Measuring 

the amount of cytoplasmic cIAP-1 expression in OSCC samples may predict the oral 

cancer progression in Taiwan. 

 

Key words: cellular inhibitor of apoptosis protein 1, oral cancer, oral precancer 
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Introduction 

    Oral squamous cell carcinoma (OSCC) is the fifth most common malignancy and 

is a major cause of cancer morbidity and mortality worldwide. Globally about 500,000 

new oral and pharyngeal cancers are diagnosed annually, and three quarters of these are 

from the developing world (Nagpal and Das 2003). In Taiwan, oral cancers ranks as the 

sixth most prevalent cancer in both sexes and account for the fourth most common 

cancer in males (Cancer registry annual report, ROC, 2007). Ko et al. (1995) found that 

the incidence of oral cancer in Taiwan is 123-fold higher in patients who smoke, drink 

alcohol, and chew AQs than in abstainers.  

 Tissue homeostasis relies on the balance between cell proliferation and cell death. 

Apoptosis, or programmed cell death, is a complex and highly regulated process 

essential for proper development and functioning of multicellular organisms and for the 

removal of damaged or infected cells. Defects in the regulation of apoptosis are 

involved in the pathogenesis of a variety of human diseases, including cancer and 

autoimmune diseases. The caspase family of cysteine proteases plays an essential role 

in orchestrating the orderly breakdown of cells that characterizes apoptosis. The 

organism must tightly regulate the caspase cascade, which starts with the activation of 

upstream or initiator caspases and leads to the activation of downstream or effector 

caspases. 

Inhibitor of apoptosis (IAP) proteins negatively regulate the apoptotic program by 

interfering with caspase activity. IAP proteins are characterized by the presence of at 

least one 70-amino acid N-terminal domain called baculovirus IAP repeat (BIR). To 

date, eight human IAPs have been identified: cIAP-1, cIAP-2, NAIP, survivin, XIAP, 

Bruce, ILP-2, and livin. 

cIAP-1 is a member of IAP family protein. It is composed of three BIR domains, a 
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caspase recruitment (CARD) domain, and a carboxy-terminal RING domain. Previous 

studies have demonstrated the overexpression of cIAP-1 in lung (Ferreira et al. 2001, 

Dai et al. 2003), cervical (Imoto et al. 2002), prostate (McEleny et al. 2002, Krajewska 

et al. 2003), esophageal (Imoto et al. 2001), head and neck (Tanimoto et al. 2005), and 

colorectal carcinomas (Krajewska et al. 2005). In these studies, overexpression of 

cIAP-1 is correlated with positive lymph node metastasis, more advanced clinical stage, 

and poor prognosis in head and neck carcinomas (Tanimoto et al. 2005) and with 

poorer overall and local recurrence-free survival in cervical SCCs (Imoto et al. 2002). 

The messenger RNA (mRNA) encoding for cIAP-1 has been detected in different 

types of normal human tissues. In the context of normal tissues, these IAPs have been 

involved in the regulation of the immune system, the response to cell damage, and the 

cell survival and differentiation. Cellular levels and activity of IAPs are controlled by 

several mechanisms, including transcriptional regulation, via nuclear factor-κB, and 

posttranslational modification, via proteasome degradation. The activity of IAPs can be 

further modulated by 2 IAP-binding proteins, Smac/Diablo and Omi/Htra2, which 

prevent their association with caspases. 

  Although cIAP-1 has been shown to correlate with progression of some cancers, 

the expression of cIAP-1 in OSCCs in Taiwan has not yet been studied. Furthermore, 

the correlation between the expression of cIAP-1 in OSCCs and the clinicopathological 

parameters or survival of OSCC patients was not known. Therefore, the main purposes 

of this study were to examine the expression of cIAP-1 in OSCCs and to assess its 

correlation with the clinicopathological parameters or survival of OSCC patients. 
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Background 

    Oral cancer evolves in a series of distinct steps, each characterized by the 

sequential accumulation of additional genetic defects followed by clonal expansion. In 

neoplasms, cell proliferation is excessive and autonomous, uncoordinated with normal 

tissue with cell division going on despite DNA damage due to loss of cell cycle 

check-points (Nagpal and Das 2003). Although our previous studies have showed that 

overexpression of cyclin D1 (Kuo et al. 1999), cyclin A (Chen et al. 2003), p53 (Chiang 

et al. 1999), p21WAF1 (Kuo et al. 2002), survivin (Lin et al. 2005), and hypoxia 

inducible factor (HIF)-1α (Lin et al. 2008) correlates with poorer prognosis in patients 

with AQ chewing and cigarette smoking-related OSCCs, lymph node metastasis is still 

the most significant factor determining the prognosis of oral cancer patients. 

Life and death of cells must be balanced if tissue homeostasis is to be maintained. 

The main (though not the only) death mechanism by which mammalian cells maintain 

homeostasis is apoptosis. Dysregulation of apoptosis clearly contributes to the 

pathogenesis of various human diseases including cancer. Defects in the apoptotic 

pathway can eventually lead to expansion of a population of neoplastic cells and affect 

the intrinsic ability to respond to therapy. 

    Overexpression of cIAP-1 protein has been demonstrated in a variety of human 

carcinomas including lung (Ferreira et al. 2001, Dai et al. 2003), cervical (Imoto et al. 

2002), prostate (McEleny et al. 2002, Krajewska et al. 2003), esophageal (Imoto et al. 

2001), head and neck (Tanimoto et al. 2005), and colorectal carcinomas (Krajewska et 

al. 2005). Results from previous studies suggest that cIAP-1 may be a biomarker for 

human malignancies and may play an important role in human carcinogenesis. 

    In some of these carcinomas, the expression of cIAP-1 protein has been found to 

be significantly associated with the lymph node metastasis, clinical stage, and prognosis 
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of the cancer patients. However, the influence of cIAP-1 expression on the progression 

and prognosis of AQ chewing and tobacco smoking-related OSCCs in Taiwan has not 

yet been investigated.  

In this study we investigated the expression of cIAP-1 in 73 specimens of OSCC, 

76 specimens of oral epithelial dysplasia (OED, 19 severe, 34 moderate, and 23 mild 

OED cases), and 31 specimens of normal oral mucosa (NOM) by 

immunohistochemistry using antibodies to cIAP-1 protein. The cIAP-1 labeling indices 

(LIs) in OSCC, OED, and NOM samples were calculated and compared between 

groups. The correlation between the expression of cIAP-1 protein in OSCCs and the 

clinicopathological parameters or survival of the OSCC patients was analyzed 

statistically to evaluate the possible influence of cIAP-1 on the progression and 

prognosis of OSCCs in Taiwan.
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                      Purposes of this study 

1. To examine the expression of cIAP-1 in specimens of NOM, OED, and OSCC 

2. To compare the cIAP-1 staining patterns among NOM, OED, and OSCC samples 

3. To calculate and compare the cIAP-1 labeling indices (LIs) in NOM, OED and 

OSCC samples 

4. To assess the correlation between the cIAP-1 LI in OSCCs and the      

clinicopathological parameters or survival of OSCC patients. 
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                       Literature Review 

Part 1: Introduction of oral squamous cell carcinoma  

Epidemiology in the world 

    Oral cancer is the fifth most common cancer in the world (Lingen et al. 2001) 

and accounts for approximately 4% of all cancers (Boyle et al. 1990). Among all oral 

malignancies, the oral squamous cell carcinoma (OSCC) was the most common type. In 

the United States, the annual number of new oral carcinoma cases is about 29,370 

(Jemal et al. 2005). In Southeast Asian countries and India where the habit of areca quid 

(AQ) chewing is very popular, oral cancers are the most common forms of cancer and 

constitute 30-40% of all cancers (WHO meeting reporting, 1984). In Europe, USA, 

Australia and Japan, tobacco and alcohol are the two main carcinogens for oral 

precancerous lesions and oral cancers. In Taiwan, India, Sri Lanka, Papua New Guinea 

and Southeast Asia, the major etiologic agents associated with the development of 

either oral precancerous lesions or OSCCs are AQ, tobacco and alcohol.  

 

Epidemiology in Taiwan 

In Taiwan, oral cancers ranks as the six most prevalent cancer in both sexes and 

account for the fourth most common cancer in males (Cancer registry annual report, 

ROC, 2007). There are two million people who habitually chew AQs in Taiwan. (Ko et 

al, 1995); approximately 80% of all oral cancer deaths are associated with this habit 

(Kwan 1976). Ko et al. (1995) found that the incidence of oral cancer in Taiwan is 

123-fold higher in patients who smoke, drink alcohol, and chew AQs than in abstainers. 

The odds ratios of patients who indulge in at least two of the three habits are 

significantly elevated as compared with the odds ratios of patients with a single habit. 
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Furthermore, a statistically significant association between oral cancer and AQ chewing 

alone is also found (Ko et al. 1995).  

 

Etiology 

    The causes of OSCC are multifactorial and the oral carcinogenesis is regarded as 

a multistep process including initiation, promotion, and progression. The multistep 

carcinogenesis is defined by the development of oral carcinoma as a result of several 

separate events during the initiation or promotion of malignant transformation 

(Schwartz 2000). Oral carcinogenesis involves multiple genetic events that alter the 

normal functions of oncogenes and tumor suppressor genes (Williams 2000), leading to 

cell dysregulation with disruption in cell signaling, DNA-repair, and cell cycle 

(Bettendorf et al. 2004). Several studies have identified specific genetic alterations, 

such as some cytogenetic changes, oncogenes, tumor suppressor genes, and cell cycle 

regulators in oral carcinomas and in precancerous lesions of the oral cavity. 

    The cause of OSCC in Taiwan is closely related to AQ chewing. It had been 

estimated 200 to 400 million people chewed AQ worldwide (Zain et al. 1997) and only 

three drugs, i.e., nicotine, ethanol, and caffeine, are consumed more widely than AQ 

(Norton 1998). There are two million people who habitually chew AQ in Taiwan (Ko et 

al. 1992); approximately 80% of all oral cancer deaths are associated with this habit 

(Kwan 1976). The preparation of AQ varies from different geographic areas in the 

world, but it generally consists of betel nut (BN, Areca catechu), Piper betle leaf, and 

slaked lime with or without tobacco (Jeng et al. 1994). In Taiwan, AQ is chewed in two 

main ways. For aborigines, they use fresh areca nut wrapped simply in betel leaf (or 

betel vine by Yami Tribe, Orchid island) that is often (90%) lined with lime paste. 
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Another way is by the Chinese people that usually (97%) chew the areca nut ripe but 

not cured. That is, a lengthwise piece of unripe fruit from the Piper betle, lime paste, 

and some Chinese herbs or a secret formula are sandwiched between two halves of an 

areca nut (Ko et al. 1992). No tobacco is added in the AQ in Taiwan, which differs from 

the rest of Southeast Asia where the AQ chewing habit is also very popular. 

    The BN extract has been shown to be cytotoxic and genotoxic to cultured human 

buccal epithelial cells (Sundqvist et al. 1989). In the study of AQ marketed in Taiwan, 

Jeng et al. (1994) demonstrated several AQ constituents [arecoline, (+)-catechin, and 

extracts of inflorescence of Piper betle (IPB) and BN] can decrease cell survival and 

proliferation in a dose-dependent manner in human buccal mucosal fibroblasts. 

Furthermore, extracts of BN and IPB can also induce DNA strand break formation in a 

dose-dependent manner. In addition, arecoline is more cytotoxic than (+)-catechin and 

extracts of IPB and BN. They concluded that AQ contains not only genotoxic and 

cytotoxic agents, but also compounds which stimulate cell proliferation (Jeng et al. 

1994). 

    There is a significant correlation of AQ chewing with the development of OSCC, 

leukoplakia, and oral submucous fibrosis (OSF) (Thomas and Kearsley 1993, Zain et al. 

1997). Warnakulasuriya et al. (2002) found that AQ chewers (without tobacco) have an 

odds ratio of 5 for the development leukoplakia as opposed to an odds ratio of 1 in 

nonchewers (Warnakulasuriya et al. 2002). Ko et al. (1995) demonstrated that AQ 

chewing alone (without cigarette smoking and alcohol drinking) have a 28-fold higher 

potential to develop oral cancer. It has been shown that AQ chewing together with 

tobacco chewing or smoking is associated with an increased risk of oral cancer 

(Sanghvi 1981, IARC 1985). Of the Chinese AQ chewers in Taiwan, 86% are also a 

smoker and 75% are also a drinker (Ko et al. 1992). Ko et al. (1995) found that the 
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incidence of oral cancer in Taiwan is 123-fold higher in patients who smoke, drink 

alcohol, and chew BQ than in abstainers. The odds ratios of patients who indulge in at 

least two of the three habits are significantly elevated as compared with the odds ratios 

of patients with a single habit. In the study of 703 primary OSCC patients in southern 

Taiwan, Chen et al. (1999) demonstrated that those who have the habits of alcohol 

drinking, AQ chewing, and cigarette smoking have a 5.32-fold increased likelihood of 

death than nonusers. 

 

Clinical presentation  

Squamous cell carcinoma (SCC) is the most common type of oral carcinoma. It 

accounts for about nine of every ten oral malignancies, and is a major cause of cancer 

morbidity and mortality. OSCC has a varied clinical presentation, including exophytic 

and endophytic masses. A majority of oral cancers are found to develop from oral 

premalignant lesions such as leukoplakia, erythroplakia, erythroleukoplakia, dysplasia, 

and carcinoma in situ. The malignant transformation rates of oral premalignant lesions 

are reported to be 1-7% for homogenous, thick leukoplakia, 4-15% for granular or 

verruciform leukoplakia, 18-47% for erythroleukoplakia, 4-11% for moderate dysplasia, 

and 20-35% for severe dysplasia (Neville et al. 1995). As OSCCs infiltrate and invade 

the underlying submucosal tissues, the mucosa becomes indurated or firm due to the 

mass effect of the tumorous epithelium and the reactive desmoplasia. Ulceration 

commonly occurs as invasive neoplasia progresses and invades into the underlying 

tissues. Induration and long-term unhealed ulceration invariably lead to a high degree 

of suspicion for an invasive carcinoma. 
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  OSCC has historically been a male affliction with a marked association of these 

tumors with prolonged tobacco and alcohol use. In America, excluding the lip and 

tongue, the most common site for OSCC is the floor of the mouth (Krolls et al. 1976, 

Smith et al. 1979). However, the most frequent site for OSCC in Taiwan is the buccal 

mucosa. A retrospective study analyzing 703 cases of OSCC in southern Taiwan found 

an overwhelming male predominance (male: female =15:1) (Chen et al. 1999). The 

mean age of the oral cancer patients is 52 years. The peak age of OSCC patients 

declines from 50 to 59 years in the first six years (1985–1990) to 40 to 49 years in the 

next six years (1991–1996). OSCCs occur most commonly in the buccal mucosa with 

37.4% of the total OSCCs being in this location. Most patients (346/703, 49.2%) have 

stage III cancer. The tongue is the most common site for patients without any oral habit 

(OH) (18/48, 37.5%). Furthermore, the age of the cancer patients without any OH was 

on average 6-12 years younger than patients who chewed AQs. The cancer stage 

significantly influences mortality: the 5-year survival rate in patients treated from 1985 

to 1991 is 72% in those with stage I, 38.9% in those with stage II, 26.7% in those with 

stage III, and 11.8% in those with stage IV cancer (Chen et al. 1999). 

 

Histologic features 

    OSCC is characterized histopathologically by invasive islands, cords, strands 

or nests of malignant squamous epithelial cells. The invasion is represented by irregular 

extension of the lesional epithelium through the basement membrane into the 

underlying connective tissue, forming individual islands or nests independent from the 

surface epithelium. The invasive tumor cells may extend deeply into the adipose tissue, 

muscle, or bone in progressive lesions. The tumor cells usually show increased 

nuclear-cytoplasmic (N/C) ratio, hyperchromatism, cellular or nuclear pleomorphism, 
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mitotic figures, and variable amount of keratin formation. Desmoplastic reaction 

around the invasive tumor nests, lymphocytic or vascular permeation, or perineural 

invasion by the tumor cells can sometimes be present. 

 

Grading of squamous cell carcinoma 

    According to the level of squamous differentiation, OSCC is graded into 

well-, moderately-, and poorly-differentiated types. Well-differentiated OSCC is 

typically composed of large, closely apposed cell nests with prominent keratinization, 

often keratin pearl formation. Moderately-differentiated OSCC consists of smaller nests 

of more pleomorphic cells with increased mitotic activity and clear-cut but often less 

prominent squamous differentiation. Poorly-differentiated OSCC is composed of highly 

mitotically active cells growing singly or in small nests showing ragged or diffuse 

rather than “pushing” infiltration. Squamous differentiation is focal and often poorly 

developed. 

 

Our previous studies on oral cancers 

    The development of oral cancer is a multiple-step process that consists of a 

sequential accumulation of multiple genetic alterations. Tumorigenesis in the head and 

neck region seems to involve at least 6 to 10 independent genetic alterations (Renan 

1993). Mutations and altered expression of oncogenes or tumor suppressor genes 

probably constitute the most frequent genetic changes associated with the process of 

carcinogenesis. Our previous studies have shown K-ras codon 12 mutations in 6 (18%) 

of 33 cases of OSCC (Kuo et al. 1994). By immunohistochemistry, we further found 

overexpression of ras p21 in 47 (92.2%) of 51 cases of OSCC (Kuo et al. 1995) and 

positive cyclin D1 imunostaining in 73 (83%) of 88 cases of OSCC (Kuo et al. 1999).   
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The patients with OSCCs containing more than 10% cyclin D1 positive cells have 

lower survival rate than those with OSCCs containing less than 10% cyclin D1 positive 

cells (Kuo et al. 1999). In addition, overexpression of p53 protein is found in 47 (58%) 

of 81 cases of OSCC, 30 (60%) of 50 cases of oral submucous fibrosis, 4 (40%) of 10 

cases of oral leukoplakia, 7 (70%) of 10 cases of OED (Chiang et al. 1999, 2000). The 

patients with p53-positive OSCCs have lower survival rate than those with 

p53-negative OSCCs (Chiang et al. 1999). However, p53 mutations are only discovered 

in 2 (5.4%) of 37 OSCC cases (Kuo et al. 1999). Recently, we found that 31 of the 43 

oral cancer patients (72%) have tumors with positive p21WAF1 nuclear staining and 27 

of the 43 patients (63%) have tumors with p53 nuclear staining (Kuo et al. 2002). The 

Kaplan-Meier analysis shows a significant correlation between p21WAF1 protein 

overexpression and poor patient overall survival (P = 0.049). When p53 and p21WAF1 

are evaluated together, the 5-year overall survival was lowest in p53(+)-p21WAF1(+) 

patients and highest in p53(-)-p21WAF1(-) patients (P = 0.057). Therefore, combined 

evaluation of p21WAF1 and p53 expressions may be useful in estimating the prognosis of 

patients with OSCC in Taiwan. Furthermore, we also found that the mean cyclin A 

labeling indices (LIs) in NOM, OED and OSCC samples are 7.0±3.1%, 12.1±3.9% and 

21.3±12.3%, respectively. The cyclin A LI for OSCCs is significantly higher than that 

for NOM (P = 0.002) or OED (P < 0.001). In addition, a high cyclin A LI is found to 

correlate with advanced stage (P = 0.0048), larger tumor size (P = 0.0017), lymph node 

involvement (P = 0.0006), and cancer recurrence (P < 0.0001). The Kaplan-Meier 

analysis shows patients with tumors containing more than 15% cyclin A-positive cells 

have significantly shorter overall survival than those with tumors containing less than 

15% cyclin A-positive cells (P < 0.00001). These results indicate that overexpression of 

cyclin A protein is associated with aggressive OSCC progression and poor prognosis 

for OSCC patients (Chen et al. 2003). 
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Part 2: IAP family proteins 
    Inhibitor of apoptosis (IAP) family of proteins were first identified by Crook 

et al. in 1993 from baculoviruses. IAPs were shown to be involved in suppressing the 

host cell death response to viral infection. Ectopic expression of some baculoviral IAPs 

blocks apoptosis in mammalian cells, suggesting conservation of the cell death program 

among diverse species and commonalities in the mechanism used by the IAPs to inhibit 

apoptosis. Although the mechanism used by the IAPs to suppress cell death remains 

debated, several studies have provided insights into the biochemical functions of these 

intriguing proteins. Moreover, a variety of reports have suggested an important role for 

the IAPs in some human diseases. To date, eight human IAPs have been identified: 

cIAP-1, cIAP-2, NAIP, survivin, XIAP, Bruce, ILP-2, and livin. 

 
Structure  

 IAP family proteins are characterized by a novel domain of 70 amino acids 

termed the baculoviral IAP repeat (BIR), the name of which derives from the original 

discovery of these apoptosis suppressors in the genomes of baculoviruses by Lois 

Miller and her colleagues (Crook et al. 1993; Birnbaum et al. 1994). Up to three tandem 

copies of the BIR domain can occur within the known IAP family proteins of viruses 

and animal species. The BIR (baculoviral inhibitor of apoptosis repeat) domain is 

necessary to suppress apoptosis and is involved in the binding of IAPs to second 

mitochondria-derived activator of caspase (Smac)/direct IAP binding protein with low 

pH (DIABLO) and caspases (Du et al. 2000).  

Several of the mammalian, fly, and viral IAPs have a RING domain located near 

their carboxyl termini. With the exception of NIAP and survivin, human IAPs also 

contain a conserved sequence termed RING Zn finger at the carboxy-terminus. The 

presence of the RING Zn finger appears to be critical to the baculoviral IAP 
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anti-apoptotic function while it is dispensable for some (but not all) cellular IAP 

apoptotic inhibition. The human IAP family proteins cIAP-1, cIAP-2, and XIAP have 

been reported to retain anti-apoptotic function in the absence of their carboxy-terminal 

RING domains (Deveraux et al. 1997; Roy et al. 1997; Takahashi et al. 1998). 

The human cIAP-1 and cIAP-2 proteins contain a caspase recruitment domain 

(CARD) located between the BIR and RING domains. The functional significance of 

this domain for the anti-apoptotic function of IAPs is largely untested, but 

amino-terminal fragments of human cIAP-1 and cIAP-2 that retain only the BIR 

domains are sufficient to block apoptosis, implying that the CARD domain is not 

absolutely required (Roy et al. 1997).  cIAP-1 (also known as MIHB, hiap1, and 

BIRC2) and cIAP-2 (also known as MIHC, hiap2, and BIRC3) are structurally related 

to XIAP with three BIR domains and a RING finger. These IAPs were identified 

through the biochemical purification of proteins associated with the death receptor 

TNFR2. 

Other domains of potential interest in IAP family proteins include a functionally 

intact ubiquitin-conjugating (UBC) domain in BRUCE, a large 528-kD BIR-containing 

protein (Hauser et al. 1998). Although it is not yet known whether the BRUCE protein 

suppresses apoptosis, BRUCE conceivably can provide a functional connection 

between apoptosis proteins and the ubiquitin proteasome pathway for protein 

degradation. The NAIP protein contains a P-loop consensus sequence similar to some 

ATP/GTP-binding proteins, but whether this IAP member binds purine nucleotides or 

requires this domain for apoptosis suppression remains undetermined (Roy et al. 1995). 

Taken together, the domain structure of IAPs suggests that the common unit, the BIR 

domain, can be linked with a variety of other motifs. These non-BIR motifs presumably 

either diversify the functions of IAPs or provide ways of regulating individual members 

or subgroups of the family of IAP proteins. So, c-IAP1 is a protein which has three BIR 
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domains, CARD domain, and carboxy-terminal RING domains.     

 

Gene location 

The human XIAP, c-IAP1, c-IAP2, NAIP, and survivin genes have been assigned to 

chromosomal locations Xq25, 11q22-q23, 11q22-23, 5q13.1, and 17q25, respectively 

(Roy et al. 1995; Liston et al. 1996; Rajcan-Separovic et al. 1996; Ambrosini et al. 

1998).  Interestingly, the human c-IAP1 and c-IAP2 genes are located within 7 kbp 

of each other on 11q22-23 (Young et al. 1999).  

 

Part 3: Associated proteins--Caspase 

structure 

Genetic analyses in the nematode Caenorhabditis elegans have identified two genes, 

ced-3 and ced-4, that are required for the execution of the cell death process (Yuan and 

Horvitz 1992; Yuan et al. 1993). The cloning of ced-3, a gene that encodes a protease 

with homology to mammalian interleukin-1b-converting enzyme, provided the first 

indication that cysteine proteases are critical components of the cell death machinery 

(Yuan et al. 1993). This observation leads to the identification of a growing family of 

cysteine proteases with homology to CED-3 that has been designated caspases 

(Alnemri et al. 1996). These cysteine proteases are synthesized in the cell as inactive 

precursors composed of four distinct domains: an amino-terminal domain of variable 

size (termed N-terminal polypeptide or prodomain), a large subunit, a small subunit, 

and a linker region between the large and small domains flanked by Asp residues 

(reviewed in Nicholson and Thornberry 1997). Activation of each caspase is induced by 

proteolytic cleavage between domains, resulting in the removal of the prodomain and 

linker regions, and assembly of the large and small subunits into an active enzyme 

complex. The mammalian cell death proteases have been divided into upstream 
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(initiator) and downstream (effector) caspases based on their sites of action in the 

proteolytic caspase cascade. In addition, caspases have different prodomains. Initiator 

caspases, but not effector caspases, have long prodomains containing structurally 

related protein modules that physically link these proteases to their specific activators. 

Two types of interaction modules have been detected in the prodomains of initiator 

caspases: death effector domain (DED) or caspase recruitment domain (CARD) (Boldin 

et al. 1996; Muzio et al. 1996; Hoffman et al. 1997). Nematode CED-3 and mammalian 

caspase-1, -2, -4, -5, -8, -9, -10, -11, -12 and -13 have prodomains with DEDs or 

CARDs. In contrast, caspase-3, -6, -7 and -14 have short prodomains. DEDs and 

CARDs in certain procaspases physically connect the initiator caspases with critical 

regulatory molecules via homophilic interactions. The role of initiator and effector 

caspases in the proteolytic cascade is consistent with the optimal recognition motifs of 

these caspases. Initiator caspases have substrate specificities that are similar to caspase 

recognition sites present in their own sequence (Thornberry et al. 1997), implying that 

these caspases can utilize autocatalysis for activation. Moreover, optimal caspase 

recognition sites for initiator caspases are present in the sequence of several effector 

proenzymes including procaspase-3 and procaspase-7, suggesting that these enzymes 

act downstream of initiator caspases in the proteolytic cascade (Thornberry et al. 1997). 

 

Caspase activation pathway 

Caspases lie in a latent (zymogen) state in cells but become activated in response to 

a wide variety of cell death stimuli. Through a proteolytic cascade, caspases are 

functionally connected to each other, with upstream (initiator) caspases cleaving and 

activating downstream (effector) caspases (Salvesrm et al. 1997). At present, IAPs 

inhibit at least two of the major pathways for initiation of caspase activation: (a) the 

mitochondrial pathway with cytochrome c, and (b) the death receptor pathway with the 
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tumor necrosis factor (TNF) family of death receptors. 

 

i. The Mitochondrial Pathway of Caspase Activation  

The intrinsic pathway for caspase activation is initiated by the release of 

cytochrome c from the mitochondria. Cytochrome c is normally sequestered between 

the inner and outer membranes of the mitochondria. In response to a variety of 

proapoptotic stimuli, cytochrome c is released into the cytosol (Kluck et al. 1997). 

Cytochrome c then binds and activates Apaf-1. Apaf-1 activates procaspase 9, which in 

turn cleaves procaspase 3 (Saleh et al. 1999 and Zou et al. 1997). 

 

ii. The Death Receptor Pathway of Caspase Activation  

The death receptor pathway for caspase activation begins with the TNF family of 

cytokine receptors, which includes Fas (CD95), DR4 (Trail-R1), and TNF-R1 

(CD120a). Death receptors are activated by ligand binding to the extracellular domain 

of the receptor. Once activated, death receptors recruit the death domain protein 

Fadd/Mort-1. When bound to the death receptor, Fas-associated death domain in turn 

binds caspase 8 (Chang et al. 1999), thereby forming the death-inducing signaling 

complex (DISC). As caspase 8 concentrates at the DISC, it dimerizes and thereby 

becomes active. Cleavage of caspase 8 enhances its stability in the dimerized form 

(Boatright et al. 2003). Active caspase 8 is released from the DISC into the cytosol, 

where it cleaves and activates the downstream effector caspases (Kang et al. 1999). 

 

iii. Convergence Point and Cross-Talk 

The intrinsic and extrinsic pathways converge at the activation of downstream 

effector caspases such as caspase 3 and 7. Active caspase 3 then cleaves critical 

intracellular proteins to induce the final stages of cell death. Although the two caspase 
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pathways are presented as separate entities, cross-talk exists between them. For 

example, the two pathways cooperate to enhance apoptosis through Bid. Bid, a member 

of the BH3-only family of proapoptotic proteins, is cleaved and activated by caspase 8. 

When cleaved, Bid migrates to the mitochondria, where it promotes permeabilization of 

the mitochondrial membrane, cytochrome c release, and initiation of the intrinsic 

pathway of caspase activation (Tang et al. 2000, Kulik et al. 2001, and (Gross et al. 

1999). 

 

Part 4: Associated proteins-Smac/DIABLO 
Smac/DIABLO, which was first identified in 2000 by Du et al., is normally a 

mitochondrial protein but is released into the cytoplasm when cells undergo apoptosis. 

The IAP-inhibitory functions of the SMAC family of proteins are encoded in their NH2 

terminus. Peptides corresponding to the seven NH2-terminal amino acids are capable of 

binding XIAP (Arnt et al. 2002). Mutation of the NH2-terminal alanine to glycine 

abolishes the ability of the SMAC peptide to bind IAPs and exerts its proapoptotic 

function (Liu et al. 2000). Smac/DIABLO has been demonstrated to promote activation 

of caspase-3, caspase-7 and caspase-9 by binding IAPs (e.g. XIAP, cIAP-1, cIAP-2, 

and survivin) and suppressing their inhibitory activity (Du et al. 2000). 

 

Part 5: Associated proteins-HraA2 

HtrA2 belongs to the HtrA family of serine proteases and is well conserved from 

bacteria to humans (Faccio et al., 2000; Gray et al., 2000; Hu et al., 1998; Savopoulos 

et al., 2000). Human HtrA2 serine protease has extensive homology with bacterial HtrA 

and L56, another human HtrA, at the C terminus of its polypeptide (Hu et al., 1998). 

Because mature HtrA2 protein is released from the mitochondria in response to 

apoptotic stimuli, under normal conditions mature HtrA2 protein is found within the 
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intermembrane space, as are cytochrome c and Smac. The fact that the first four 

N-terminal amino acids of mature HtrA2 protein, AVPS, are very similar to those of the 

mature Smac protein, AVPI, provides evidence that the two proteins function in a 

similar way to inhibit IAPs (Chai et al. 2000). 

 

Part 6: Mechanisms of IAPs-mediated inhibition of apoptosis 

The mechanism of apoptosis inhibition remains unclear, as IAPs appear to act 

through several mechanisms to repress apoptosis (Deveraux et al. 1998; Duckett et al. 

1998). 

 

Caspase inhibition 

 IAPs can block apoptosis through their ability to inhibit specific caspases. XIAP, 

c-IAP-1, c-IAP-2 and survivin directly bind and inhibit caspases 3, 7 and 9. cIAP-1 was 

first found in 1995 by Rothe et al. as a factor that binds to TNF receptor associated 

factor-1 (TRAF-1) and TNF receptor associated factor-2 (TRAF-2) in the signaling 

pathway mediated by TNF receptor 2 (TNFR2) (Rothe et al. 1995). In this pathway, 

cIAP-1 is known to inhibit directly the activity of caspase-3, caspase-7 and 

procaspase-9 (Roy et al. 1997 and Deveraux et al. 1998). 

 

Signal transduction pathways 

Recently, several IAP family members have been shown to regulate apoptosis in a 

caspase-independent manner through the mitogen-activated protein (MAP) Jun kinase 1 

(JNK1) signal transduction pathway (Sanna et al. 2002). NAIP, as well as XIAP and 

livin, are able to activate JNK1, while c-IAP1, c-IAP2 and survivin are unable to do so. 

It becomes apparent that IAPs are involved in the signal transduction of JNK signaling 

pathways, especially in the context of inflammatory stimulation, and that their effect is 



 

 28

pro-survival. Yet, conflicting results raise doubt whether IAPs activate or inhibit JNK 

activation. Further research on the interaction of IAPs with proteins in JNK signaling 

pathways is needed to clarify some of these controversies. 

 

Ubiquitylation  

Recently, growing evidence has proven the significance of the proteasome in 

apoptosis as well (Jesenberger et al. 2002). The targeted protein is labeled with covalent 

modification of 8 kDa ubiquitin molecules. The process is initiated by 

ubiquitin-activating enzyme (E1), while ubiquitin-conjugating enzymes (E2), and 

ubiquitin ligases (E3) actually attach the ubquitin. Labeled proteins are recognized by 

the proteasome and are degraded. Interestingly, RING finger proteins might function as 

an E3 ubiquitin ligase. XIAP and c-IAP1 undergo RING-domain-dependent 

autoubiquitylation, which in turn labels them for proteasomal degradation (Yang et al. 

2000). 

By doing so, they act to lower the apoptotic barrier, thus allowing the cell to 

undergo apoptosis. XIAP can target active caspase 3 to proteasomal degradation 

(Suzuki et al. 2001). In contrast to autoubiquitylation, the ubiquitinylation of caspase 3 

can be considered as a mechanism to protect the cell from apoptosis by lowering the 

active caspases’ effect. 

 

Part 7: Regulation of IAPs 

Cellular levels and activity of IAPs are controlled by several mechanisms, 

including transcriptional regulation, via nuclear factor-κB (NFκB) (Wang et al. 1998 

and Stehlik et al. 1998), and posttranslational modification, via proteasome degradation 

(Yang et al. 2000). NFκB was shown to control the transcription of several apoptosis 

regulating genes, including some IAPs such as XIAP, c-IAP-1, and c-IAP-2. The 
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activity of IAPs can be further modulated by 2 IAP-binding proteins, Smac/DIABLO 

(Du et al. 2000) and Omi/Htra2 (Suzuki et al. 2001), which prevent their association 

with caspases. 

The BIR domain, in addition to its functional role, has a regulatory role as the 

binding domain of IAPs inhibitory proteins, such as Smac/DIABLO, Omi/Htra2, and 

XIAP associated factor 1 (XAF-1). Smac/DIABLO, which was first identified in 2000 

by Du et al., is normally a mitochondrial protein but is released into the cytoplasm 

when cells undergo apoptosis. Smac/DIABLO is released from the mitochondria along 

with cytochrome c during apoptosis, and this protein functions to promote caspase 

activation by associating with the Apaf-1 apoptosome and inhibiting XIAP, cIAP-1, and 

cIAP-2. Smac/DIABLO has been demonstrated to promote activation of caspase-3, 

caspase-7 and caspase-9 by binding IAPs (e.g. XIAP, cIAP-1, cIAP-2, and survivin) 

and suppressing their inhibitory activity (Du et al. 2000 and Verhagen et al. 2000). 

A serine protease called Omi/Htra2 is released from mitochondria and inhibits the 

function of XIAP by direct binding in a similar way to Smac. Moreover, when 

overexpressed extramitochondrially, HtrA2 induces atypical cell death, which is neither 

accompanied by a significant increase in caspase activity nor inhibited by caspase 

inhibitors, including XIAP. HtrA2 is a Smac-like inhibitor of IAP with a serine protease 

activity-dependent cell death-inducing effect. 

Given the potential clinical utility of Smac-like molecules, efforts have been made 

to understand the physical interactions between Smac and IAPs. Structural studies have 

demonstrated that Smac binds XIAP at two distinct sites. The NH2 terminus of active 

Smac (residues 56–59) binds the BIR3 pocket of XIAP and competitively inhibits the 

BIR3 domain from binding caspase 9. Mutations in the BIR3 domain that prevent the 

binding to caspase 9 (e.g., W310) also prevent the BIR3 domain from binding Smac, 

suggesting that the binding sites of Smac and caspase 9 overlap. However, the binding 
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sites are not identical because some mutations in BIR3 (e.g., H343A) abolish the 

binding of BIR3 to caspase 9 but not to Smac (Liu et al.2000). 

Smac full-length protein and NH2-terminal peptides also bind the BIR2 domain of 

XIAP, but with an affinity ~5- to 10-fold lower than that for BIR3. The mechanism by 

which Smac disrupts the association of BIR2 from caspase 3 is unclear, but it may be 

related more to steric hindrance than competitive binding (Liu et al.2000). Htra2 binds 

to the BIR3 domain of XIAP, but with weaker affinity than Smac (Li et al. 2002). In its 

active state, Htra2 exists as a trimer, and mutations that prevent trimer formation render 

HtrA2 inactive. In addition to inhibiting IAPs through binding the BIR3 pocket, Htra2 

can also cleave and inactivate multiple IAPs including XIAP, cIAP-1, and cIAP-2, but 

not survivin (Yang et al. 2003). So, Smac/DIABLO and Omi/HtrA2 are inhibitor of 

cIAP-1. 

Another fascinating example of a bi-directional effect is found in the intimate 

association of IAPs with caspases. IAPs inhibit caspases, yet this interaction comprises 

an intrinsic regulatory mechanism, as the caspases can cleave the IAPs. So far XIAP, 

cIAP-1, and most recently livin have been shown to undergo specific and functional 

cleavage by caspases. The cleavage of cIAP-1 occurs immediately after the BIR3 

domain and produces a pro-apoptotic C-terminal fragment, which the RING domain is 

preceded by a spacer sequence of amino acids. The pro-apoptotic activity of cIAP-1 

fragment, which does not contain BIR, is not surprising since RING domains of other 

baculoviral and mammalian IAPs are able to induce apoptosis when expressed without 

their BIR domains. 

Interestingly, effector caspases 3, 6 and 7 and not upstream initiator caspases 8 and 

9 are responsible for the specific proteolytic cleavage of the different IAP proteins. This 

is despite the fact that these anti-apoptotic factors are able to interact with both types of 

caspases. This might enable the cell to form a gradient of inhibition along the apoptotic 
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cascade. At the upstream level, IAPs inhibit caspase 9, which cannot cleave any IAP. 

Yet, once the cells are committed to apoptosis and downstream caspases are active, 

they can overcome IAP inhibition by a specific cleavage. 

 

Part 8: The emerging role of IAPs in cancers 
Several studies demonstrated high levels of IAPs in early stages and even 

pre-malignant lesions, indicating an early role in these tumors. For example, XIAP, 

cIAP-1, cIAP-2 and survivin have been detected in prostatic intraepithelial neoplasia 

lesions (carcinoma in situ) (Krajewska et al. 2003). Survivin has been detected in 

pre-malignant lesions at similar levels observed in overt malignancy. 

Intestinal epithelial cells undergo rapid proliferation at the base of the intestinal 

crypts, followed by differentiation, migration to the surface, and finally apoptosis. One 

of the earliest events in the development of colon cancer is upregulation of 

cyclooxygenase (COX)-2, which in turn increases cAMP production, which promotes 

growth and is anti-apoptotic. Remarkably, as cells migrate to the surface of the villi, a 

lowered level of cAMP is seen (Amelsberg et al. 1996) . Recently, c-IAP and livin 

expression are shown to be positively regulated by cAMP in colon epithelial cells 

(Nishihara et al. 2003). 

One possible mechanism by which IAPs can promote tumorigenesis is by keeping 

mutated cells alive. As IAPs inhibit cell death, cells that suffered DNA breaks might be 

rescued, raising the possibility of malignant transformation (Herr et al. 2001). Several 

studies have demonstrated upregulation of certain IAPs in response to chemotherapy 

(Mansouri et al.2003) and radiation (Holcik et al. 2000). This upregulation have been 

shown to mediate cell resistance to apoptosis. 
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Part 9: IAPs as therapeutic targets 

Conventional cancer chemotherapies are cytotoxic chemicals that kill rapidly 

growing malignant cells. These drugs are indiscriminate toxins that lack cell selectivity. 

Therefore, they cause harmful effects to many types of healthy cells and consequently 

lead to potentially devastating and rarely even irreversible side effects to the treated 

patients. There has been an increasing interest in the development of anti-cancer 

targeted therapy based on rational drug design. The starting point for developing more 

selective and less harmful anti-cancer drugs is to single out targets associated with the 

signal transduction network within cells that are critical for proliferation, cell death, and 

angiogenesis. In this context, IAPs seem to fit ideally as a specific molecular target for 

cancer treatment. These cellular factors are differentially overexpressed in many types 

of malignant cells and not in their healthy counterparts. 

 

Antisense Oligonucleotides 
One therapeutic strategy to inhibit IAPs uses antisense oligonucleotides to 

decrease the target IAP mRNA and subsequently decrease the protein. Antisense 

oligonucleotides inhibit IAPs by forming duplexes with intracellular native mRNA. The 

duplexes disrupt ribosome assembly and inhibit protein translation. More importantly, 

the mRNA-antisense oligonucleotides complex recruits RNase H enzymes that cleave 

the native mRNA strand while leaving the antisense oligonucleotide intact. The 

antisense oligonucleotide is then released back into the cytosol, where it is capable of 

inhibiting additional native mRNA (Crooke et al. 1998). 

 

Small molecule 
Another strategy to block IAPs involves identifying small molecules that reverse 

IAP inhibition of caspases. A prototype for such a compound is the endogenous IAP 
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inhibitor Smac. Currently, most efforts are focusing on developing small molecules that 

inhibit XIAP because its crystal structure is known and the mechanism by which it 

inhibits caspases is well understood. Likewise, molecules that target IAPs such as 

XIAP or survivin will initially be used as single agents or in combination with low-dose 

chemotherapy in patients with relapsed or refractory disease. As more experience is 

gained, these targeted therapies will be used up-front in the treatment of de novo 

disease in combination with standard chemotherapy. In the future, when more small 

molecules that modulate the apoptosis cascade are developed, they will be used 

together to simultaneously target different molecular defects. 

  

Part 10: cIAP-1 expression in normal tissue 

    In an immunohistochemistry study, the epithelial cells, either from stratified 

or simple epithelia, showed positive staining for cIAP-1. Abundant cIAP-1 expression 

was found in the monostratified epithelial cells lining the crypts of Lieberkqhn of the 

large intestine, bronchi and bronchioli in the lung, the glands of the endometrium, the 

urothelium of the bladder, and the ducts of the salivary glands. Cells of endocrine origin, 

neurons, lymphocytes, germ cells, placental cells, plasma cells, and macrophages 

located in the interfollicular region of nodes and medullary cords of lymphoreticular 

organs are found to express cIAP-1. The vessels of the body are positive for cIAP-1, 

except in the colon, thymus, kidney, pituitary gland, and thyroid, where the smooth 

muscle layer is stained and the endothelium is negative or only weakly positive for 

cIAP-1 (Barbara et al. 2005). cIAP-1 is highly expressed in the kidney, small intestine, 

liver, and lung, but not in the central nervous system (Tanimoto et al. 2005).  

 

Part 11: cIAP-1 expression in cancers 

Ferreira et al. (2001) assessed by immunohistochemistry the expression of the IAP 
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proteins cIAP-l, cIAP-2, and XIAP in tumors from 55 patients with advanced 

nonsmall-cell lung cancer (NSCLC) treated with chemotherapy, and correlated that 

with the observed response to chemotherapy, time to progression, and overall survival. 

The median expression of tumor cells for c-IAP-l, cIAP-2, and XIAP is 70%, 45%, and 

25%, respectively. A correlation is observed between cIAP-l and cIAP-2 expression (P 

= 0.004), and between cIAP-l and XIAP expression (P = 0.013). However, no 

association was seen between the expression of these proteins and sex, age, tumor size, 

stage, histology, and grade of differentiation. Interestingly, expression of cIAP-l, 

cIAP-2, and XIAP does not predict response to chemotherapy. In addition, the 

expression of IAPs has no impact on the time to progression or overall survival of this 

group of patients, although the expression of cIAP-1 in nonsmall-cell lung cancer is 

common. 

McEleny et al. (2002) assessed mRNA and protein expression of NAIP, cIAP-1, 

cIAP-2, XIAP, and survivin in the prostate cancer cell lines LNCaP, PC3, and DU145 

by RNase protection assays, Western blotting, and immunohistochemistry. All prostate 

cell lines demonstrated expression of NAIP, cIAP-1, cIAP-2, XIAP, and survivin at the 

level of both mRNA and protein. NAIP mRNA is expressed only weakly, but 

expression is greatest in the DU145 and PC3 cells, and least in the LNCaP cells. This 

correlates well with the protein expression where PC3 and DU145 cells have the 

highest expression, with the lowest expression seen in the LNCaP cells. cIAP-2 mRNA 

and protein expression follows a similar pattern to NAIP. Survivin mRNA is expressed 

most strongly in the DU145 and PC3 cells, and most weakly in the LNCaP cells. 

Survivin protein expression is greatest in LNCaP cells, followed by PC3 cells and most 

weakly in the DU145 cells. There is no alteration in the expression of cIAP-1 and XIAP 

(both mRNA and protein) in the cell lines. Western blotting also confirms that 

androgen manipulation does not influence IAP expression. This study characterises the 
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expression of IAP in three of the most commonly used prostate cancer cells. IAP may 

make an important contribution to apoptotic resistance in patients with prostate cancer. 

To identify the most likely target(s) for amplification at 11q21-q23, Imoto et al. 

(2001) determined the extent of the amplification by fluorescence in situ hybridization 

(FISH) and then analyzed 31 human ESCC (esophageal squamous cell carcinoma) cell 

lines for expression levels of 11 known genes and one uncharacterized transcript 

present within the 1.8-Mb commonly amplified region. Only cIAP-1, a member of the 

IAP (antiapoptotic) gene family, is consistently overexpressed in cell lines that show 

amplification. Additionally, the cIAP-1 protein is overexpressed in the primary tumors 

from which those cell lines have been established. The ESCC cell lines with cIAP-1 

amplification are resistant to apoptosis induced by chemotherapeutic reagents. An 

increase in cIAP-1 copy number is also detected in 4 of 42 (9.5%) primary ESCC 

tumors that are not related to the cell lines examined. Because inhibition of apoptosis 

seems to be an important feature of carcinogenesis, cIAP-1 is likely to be a target for 

11q21–23 amplification and may be involved in the progression of ESCC, as well as 

other malignancies. This study demonstrated that cIAP-1 is consistently overexpressed 

in cell lines that show amplification at 11q21-q23 region and the ESCC cell lines with 

cIAP-1 amplification are resistant to apoptosis induced by chemotherapeutic reagents. 

Because amplification of 11q22 has been implicated in other malignancies also, 

including cervical squamous cell carcinomas (CSCCs), Imoto et al. (2002) attempted to 

correlate amplification and overexpression of cIAP-1 with radiation sensitivity in 

CSCC-derived cell lines and primary CSCC tumors. They found that 2 of 9 cell lines 

show amplification and consistent overexpression of cIAP-1, as well as significant 

resistance to radiation-induced cell death as compared with cell lines showing no 

cIAP-1 amplification. Immunohistochemical analysis of 70 primary CSCCs from 

patients treated only with radiotherapy demonstrated that both overall survival and local 
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recurrence-free survival are significantly poorer among patients with tumors showing 

high levels of nuclear cIAP-1 staining than among patients whose tumors revealed little 

or no nuclear cIAP-1. Multivariate analysis showed nuclear cIAP-1 staining to be an 

independent predictive factor for local recurrence-free survival after radiotherapy 

among patients with CSCC. These findings demonstrate that cIAP-1 may play an 

important role in the development/progression of this disease and that cIAP-1 can be a 

novel predictive marker for resistance to radiotherapy in individual CSCC patients. 

Krajewska et al. (2003) examined the expression of four members of the IAP 

family (cellular inhibitor of apoptosis protein 1, cellular inhibitor of apoptosis protein 2, 

X chromosome-linked IAP, and survivin) by immunohistochemistry and 

immunoblotting in human prostate cancers and in prostate tissues from transgenic mice 

expressing SV40 large T antigen under control of a probasin promoter. 

Tumor-associated elevations in the levels of all four IAP family members are common 

in prostate cancers of both humans and mice, suggesting concomitant up-regulation of 

multiple IAP family proteins. Compared with normal prostatic epithelium, increased 

IAP expression is often evident even in prostatic intraepithelial neoplasia lesions 

(carcinoma in situ), suggesting that deregulation of IAP expression occurs early in the 

pathogenesis of prostate cancer. This study demonstrates that tumor-associated 

elevations in the expression of several IAP family proteins occur as a frequent and early 

event in the etiology of prostate cancer.  

Kempkensteffen et al. (2006) examined the expression of cIAP-1 and cIAP-2 by 

real-time RT-PCR in renal cell carcinoma (RCC) and corresponding normal tissue 

samples obtained from a cohort of 127 RCC patients (median follow-up: 48 months) 

undergoing surgical treatment. Expression data are correlated to histopathological 

variables and outcome. Overexpression of cIAP-1 and cIAP-2 occurs in most RCC 

specimens (p < 0.001), but 20% of the patients have lower cIAP levels in malignant 
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than in normal tissues. The cIAP-1 expression correlates with the tumor stage, levels 

being higher in pT1 tumors than in advanced pathological stages (p < 0.002). Decreased 

cIAP-1 expression in RCC relative to paired normal samples predicts an abbreviated 

time to recurrence (hazard rate 2.96; 95% CI: 1.23–7.09) and tumor-specific survival 

(hazard rate 2.78; 95% CI: 1.22–6.38) irrespective of the tumor stage and grade. The 

prognostic effect of cIAP-1 is most pronounced in patients with pT3 disease (log rank 

test p < 0.001). The results of univariate and multivariate analysis suggest a prognostic 

value of cIAP-1 expression for RCC patients, downregulation indicating an aggressive, 

potentially lethal phenotype. 

 

Part 12: cIAP-1 expression in OSCC 

In order to clarify the subcellular localization of cIAP-1 and to investigate its 

clinicopathological significance in head and neck SCCs (HNSCCs), Tanimoto et al. 

(2005) examined cIAP-1 expression in four oral SCC cell lines by 

immunocytochemistry and Western blot. Expressions of nuclear and cytoplasmic 

cIAP-1, caspase-3, and Smac/DIABLO are also examined immunohistochemically in 

57 cases of the HNSCCs. cIAP-1 expression is detected in HSC-2, HSC-3, and HSC-4 

cells by immunohistochemistry and Western blot. In HSC-2 and HSC-4 cells, cIAP-1 is 

detected in both the nuclear and cytoplasmic fractions. Nuclear cIAP-1 expression is 

positive in 17 (30%) of 57 HNSCCs, is correlated with lymph node metastasis (P = 

0.020) and advanced disease stage (P = 0.032), and tends to be correlated with poor 

patient prognosis (P = 0.059). Cytoplasmic cIAP-1 expression shows similar but 

weaker clinicopathological correlations. Nuclear cIAP-1 expression is inversely 

correlated with caspase-3 expression, but is correlated with Smac/DIABLO expression. 

Nuclear cIAP-1 expression appears to be a useful marker for predicting poor patient 

prognosis in HNSCCs, and may play roles in HNSCCs through the signaling pathway 
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mediated by Smac/DIABLO and caspase-3. 
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Materials and Methods 

Part 1: patients and specimens 

    After approval by the Hospital Review Board, we obtained formalin-fixed, 

paraffin-embedded tissue blocks from 73 patients (63 men and 10 women, mean age 53 

years, range 31-76 years) with oral squamous cell carcinoma (OSCC), 19 patients (17 

men and 2 women, mean age 53 years, range 33-70 years) with severe oral epithelial 

dysplasia (OED), 34 patients (28 men and 6 women, mean age 52 years, range 26-91 

years) with moderate OED, 23 patients (21 men and 2 women, mean age 49 years, 

range 25-80 years) with mild OED, and 31 patients (22 men and 9 women, mean age 35 

years, range 18-65 years) with normal oral mucosa (NOM). Diagnosis of OSCC and 

OED was based on histological examination of hematoxylin and eosin (H&E)-stained 

tissue sections. All patients received total surgical excision of their lesions of OSCC 

and OED at the Department of Oral and Maxillofacial Surgery, National Taiwan 

University Hospital, Taipei, Taiwan during the period from 1995 to 2005. Specimens 

were obtained from total surgical excision of the lesions. If lymph nodes were 

diagnosed as positive for OSCCs, neck dissection and post-operative radiation therapy 

were also included in the treatment protocol. Of the 73 cases of OSCC, 41 (56%) were 

buccal mucosa, 18 (25%) tongue, 8 (11%) gingiva, 4 (5%) palate, and 2 (3%) floor of 

the mouth cancers. The TNM status and clinical stages of OSCCs at initial presentation 

were determined according to the UICC convention (Sobin and Wittekind 1997). None 

of the patients had received any form of tumor-specific therapy before total surgical 

excision of the lesion. 

    Histological features of OSCC were further classified into three different types 

(well-, moderately-, and poorly-differentiated SCC). Of the 73 OSCC cases, there were 

64 (88%) well- and 9 (12%) moderately-differentiated OSCCs.  
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    The oral habit data were available for all 73 OSCC patients. Details of patients’ 

oral habits (OHs), including daily/weekly consumption of areca quid (AQ), cigarette, 

and alcohol as well as the duration of these habits, were recorded. OSCC patients were 

defined as AQ chewers when they chew 2 or more AQs daily for at least one year, as 

cigarette smokers when they smoked every day for at least one year and consumed 

more than 50 packs of cigarettes per year, and as alcohol drinkers when they drank 

more than four days and consumed more than 20 g of pure alcohol per week for at least 

one year. According to these definitions, 57 (55 men and 2 women) were AQ chewers, 

59 (56 men and 3 women) were smokers, and 50 (48 men and 2 women) were drinkers.  

    The biopsy specimens of NOM were obtained during extraction of impacted 

permanent lower third molars or during secondary stage of implantation surgery after 

obtaining informed consent. All of these subjects had none of the oral habits and oral 

mucosal diseases. The NOM sections showed normal stratified squamous epithelium 

with or without keratinization. Sections of cervical aquamous cell carcinoma were used 

as positive controls (Imoto et al. 2002) and Tris-buffered saline (TBS) instead of 

primary antibody was used for negative controls. 

 

Part 2: Immunohistological staining for cIAP-1 

    All the specimens for immunohistochemical (IHC) staining were fixed in 10% 

neutral formalin, embedded in paraffin, and cut in serial sections of 5 µm. IHC staining 

was performed using a peroxidase-labeled streptavidin-biotin technique. Briefly, tissue 

sections were deparaffinized, rehydrated, and then heated in a plastic slide holder (Dako, 

Copenhagen, Denmark) containing 0.01 M citrate buffer (pH = 6) in a microwave oven 

for 10 min to retrieve antigenicity. The endogenous peroxidase activity was blocked by 

immersing the sections in 3% H2O2 in methanol for 20 min. After washing in 10 mM 

TBS, pH 7.4, sections were incubated with 10% normal goat serum to block 
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non-specific binding. Sections were then incubated overnight at 4℃ with 1:100 dilution 

of anti-cIAP-1 polyclonal rabbit antibody (Santa Cruz Biotechnology Inc., Santa Cruz, 

CA, USA). After washing in TBS, sections were treated with biotinylated goat 

anti-rabbit IgG, and subsequently with a streptavidin-peroxidase conjugate (Dako). The 

0.02% diaminobenzidine hydrochloride (DAB, Dako) containing 0.03% H2O2 was used 

as chromogen to visualize the peroxidase activity. The preparations were lightly 

counterstained with hematoxylin, mounted with Permount, and examined by light 

microscopy. 

    To evaluate the IHC staining, the sections were initially scanned at low power, at 

least three high-power fields were then chosen randomly, and at least 1,000 benign, 

dysplastic or malignant epithelial cells were counted for each case. A brown 

cytoplasmic staining was considered positive for each cell. The cIAP-1 labeling indices 

(LIs) were counted as a ratio of immunostaining-positive cells to the total number of 

cells counted. The staining intensity (SI) was also recorded and graded as 0, negative; 1, 

weak; 2, moderate; and 3, strong. An eyepiece graticule was used to ensure that all cells 

were evaluated once only. The cIAP-1 LIs in OSCC samples were calculated to assess 

whether the cIAP-1 LI in OSCC samples was a biomarker for prediction of the 

progression of OSCC and of the patients’ survival. Each of these assessments was 

carried out by two investigators independently. The sections with an interobserver 

variation of more than 10% were reassessed by using a double-headed light microscope 

to achieve consensus. In this study, the interobserver reproducibility was 92%. The 

slides with discrepant assessments were reevaluated, and a consensus was reached in all 

cases. 

 

Part 3: Statistical analysis 

The mean cIAP-1 LIs for OSCC, OED (severe, moderate, mild), and NOM 
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samples were compared first among 3 groups by analysis of variance (ANOVA) and 

then between any 2 groups by Student’s t-test. The correlation between cytoplasmic 

cIAP-1 LIs in OSCCs and clinicopathological parameters of OSCC patients was 

analyzed by Student’s t-test or ANOVA, where appropriate. The expression of cIAP-1 

in OSCCs was also correlated with the AQ chewing, cigarette smoking, and alcohol 

drinking oral habits. Cumulative survival was analyzed with the Kaplan-Meier 

product-limit method. The duration of survival was measured from the beginning of 

treatment to the time of death or the last follow-up. Comparison of cumulative survival 

between groups was performed using the log-rank test with the Statisca program 

(StatSoft Inc., Tulsa, OK, USA). Univariate and multivariate survival analyses were 

performed with Cox proportional hazard regression model to assess additional 

prognostic values of the different variables using SAS 9.1 (SAS Institute Inc., 

Morrisville, NC, USA). A P-value of less than 0.05 was considered statistically 

significant. 
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Results 

Part 1: Expression of cIAP-1 and mean LIs for OSCC, OED, and 

NOM samples 

    In general, the cytoplasmic cIAP-1 staining could be observed in normal, 

dysplastic and malignant epithelial cells. However, OSCC samples had the stongest 

cytoplasmic cIAP-1 SI, followed by OED and NOM samples. Although the cytoplasmic 

cIAP-1 SI was weak in nearly all normal oral epithelial cells, the cells of the upper half 

layer of the epithelium had a slightly denser staining than the lower half layer of the 

epithelium. In OED and OSCC samples, a moderate to strong cytoplasmic cIAP-1 

staining was found in partial to nearly all dysplastic and malignant epithelial cells 

(Figure 1 A to F).  

The mean cytoplasmic cIAP-1 LIs increased significantly from NOM (23 ± 22%) 

through OED (50 ± 25%) to OSCC samples (73 ± 17%) (P=0.000, Table 1). The 

detailed statistical data for comparison between any two groups are shown in Table 1.   

  

Part 2: Correlation between the mean cIAP-1 LI in OSCCs and 

clinicopathological parameters of OSCC patients 

    Correlation between cytoplasmic cIAP-1 LI in OSCC samples and 

clinicopathological parameters of OSCC patients is shown in Table 2. A significant 

correlation was found between the higher mean cytoplasmic cIAP-1 LI and OSCCs 

with positive lymph node metastasis (P = 0.000) or more advanced clinical stages (P = 

0.045) (Table 2). However, the cytoplasmic cIAP-1 LI in OSCC samples was not 

significantly associated with patients’ age and gender, cancer location, T status, 

histological differentiation of OSCCs, and cancer recurrence (Table 2). Univariate 

analysis performed by Cox proportional hazard regression model identified positive 
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lymph node metastasis (P = 0.0105) and advanced clinical stage (P = 0.0523, marginal 

significance) as correlating with poor survival. However, none was identified as an 

independent unfavorable prognosis factor by multivariate analyses with Cox 

proportional hazard regression model (Table 4).     

 

Part 3: Correlation between the mean cytoplasmic cIAP-1 LI in 

OSCCs and oral habits of OSCC patients 

The correlation between cytoplasmic cIAP-1 LI in OSCCs and oral habits of 

OSCC patients is shown in Tables 3. No significant association was found between 

cytoplasmic cIAP-1 LI in OSCCs and AQ chewing, cigarette smoking, or alcohol 

drinking habits of OSCC patients.  

 

Part 4: Correlation between cytoplasmic cIAP-1 LI in OSCCs and 

survival of OSCC patients 

    The correlation between cytoplasmic LI in OSCCs and survival of OSCC patients 

was analyzed with Kaplan-Meier product-limit method. No significant association was 

found between cytoplasmic cIAP-1 LI in OSCCs and survival of all 73 OSCC patients 

(P = 0.63154) (Figure 2).  
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Discussion 

Suppression of apoptosis is believed to contribute to tumorigenesis by 

abnormally prolonging cellular life span, enhancing growth factor-dependent cell 

survival and resistance to immunobased cytotoxicity, and allowing cells to miss cell 

cycle checkpoints that would normally induce apoptosis. This study showed a 

significant increase in the mean cytoplasmic cIAP-1 LI from NOM through OED to 

OSCC samples. We found that although NOM samples expressed a relatively small 

amount of cIAP-1 protein, there was a small but significant elevation in the cytoplasmic 

cIAP-1 expression from NOM to mild and moderate OED. Furthermore, a big and 

significant jump in the cytoplasmic cIAP-1 expression was noted from moderate to 

severe OED. However, no significant difference in the mean cytoplasmic cIAP-1 LI 

was found between severe OED and OSCC samples. These findings suggest that 

accumulation of enough amount of cIAP-1 is necessary for the transformation of 

normal to moderately dysplastic epithelium and for the transformation of moderately to 

severely dysplastic epithelium. In addition, there may be no significant change in the 

cIAP-1 level during the transformation from the severely dysplastic oral lesion to an 

oral cancer.  

This study showed a significant increase in the cIAP-1 protein expression in 

OSCC than in NOM samples. Previous studies also demonstrate a higher expression of 

the cIAP-1 protein in cancers than in corresponding normal epithelia in lung (Ferreira et 

al. 2001, Dai et al. 2003), prostate (Krajewska et al. 2003), and early stage colorectal 

carcinoms (Krajewska et al. 2005). The significant increase in the cIAP-1 protein in 

cancers than in corresponding normal epithelia indicates that cIAP-1 may be a good 

biomarker for certain types of human malignancies and may play an important role in 

human carcinogenesis. Actually, overexpression of the cIAP-1 protein has been shown 
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in a variety of human carcinomas, including ovarian (Li et al. 2001), lung (Ferreira et al. 

2001, Dai et al. 2003), prostate (Krajewska et al. 2003), cervical (Imoto et al. 2002, Liu 

et al. 2001), head and neck (Tanimoto et al. 2005), esopgageal (Imoto et al. 2001), and 

early stage colorectal carcinoms (Krajewska et al. 2003). 

This study demonstrated a slightly higher cIAP-1 expression in T3 and T4 than in 

T1 and T2 oral cancers, although the difference was not significant. The cIAP-1 protein 

can suppress apoptosis induced by a variety of triggers; this finally results in prolonging 

the life span of cancer cells and tumor growth. Therefore, it is not difficult to explain 

why there is a slightly higher expression of cIAP-1 in larger than in smaller oral 

cancers. 

Previous studies demonstrated a significant association of higher cIAP-1 

expression with positive lymph node metastasis in head and neck SCCs (Tanimoto et al. 

2005). This study also showed a higher cytoplasmic cIAP-1 LI in OSCCs with nodal 

metastases than OSCCs without nodal metastases. c-IAP-1 can directly bind and inhibit 

caspases 3, 7 and 9 (Roy et al. 1997, Deveraux et al. 1998). Because inhibition of 

apoptosis can not only prolong the life span of cancer cells but also promote cancer cell 

metastasis, it is easy to understand why there is a higher rate of lymph node metastasis 

in human cancers with elevated expression of cIAP-1. 

This study showed a positive association of cIAP-1 overexpression with higher T 

and N statuses in OSCCs. Because higher T and N statuses always result in a more 

advanced clinical stage of OSCC, it is not difficult to explain why OSCCs with the 

higher expression of cIAP-1 are prone to have the more advanced clinical stages. 

Indeed, high expression of cIAP-1 is significantly associated with an advanced clinical 

stage in head and neck SCCs (Tanimoto et al. 2005). 

Tanimoto et al. (2005) used immunocytochemistry and Western blot analysis to 

study cIAP-1 expression in head and neck SCC cell lines and tissue samples. They 



 

 47

found both nuclear and cytoplasmic cIAP-1 expressions in head and neck SCC cell 

lines and tissue samples. In addition, nuclear cIAP-1 expression is a better biomarker 

than cytoplasmic cIAP-1 expression for prediction of lymph node metastasis and 

clinical stage of head and neck SCCs and patients’ prognosis. In this study, however, 

only cytoplasmic cIAP-1 staining was found in our NOM, OED and OSCC specimens. 

We suggest that the difference in intracellular localization of the cIAP-1 protein in 

various human carcinomas is due to the use of different antibodies against different 

epitopes of the cIAP-1 protein. 

Imoto et al. (2002) showed that both overall survival and local recurrence-free 

survival are significantly poorer among cervical SCC patients showing high levels of 

nuclear cIAP-1 staining than among those whose tumors reveal little or no nuclear 

cIAP-1. Multivariate analysis also showed nuclear cIAP-1 staining to be an 

independent predictive factor for local recurrence-free survival after radiotherapy 

among cervical SCC patients. Furthermore, a significantly higher cIAP-1 expression in 

head and neck SCCs is also related to a poorer patient prognosis (Tanimoto et al. 2005). 

However, this study did not reveal a significant correlation between the cytoplasmic 

cIAP-1 expression in OSCCs and patients’ overall survival. In addition, 

Kempkensteffen et al. (2006) demonstrated that decreased cIAP-1 expression in renal 

cell carcinomas predicts an abbreviated time to recurrence and tumor-specific survival 

irrespective of the tumor stage and grade. 

Previous study suggested that cIAP-1 and cIAP-2 are nuclear shuttling proteins. 

The interaction of cIAP-1 and cIAP-2 with TRAF-2 plays an important role in their 

movement into the nucleus (Vischioni et al. 2003). cIAP-1 and cIAP-2 can shuttle 

between nucleus and cytoplasm using a nuclear import pathway that remains to be 

identified and the CRM1-dependent nuclear export pathway. Binding to TRAF-2 leads 

to the retention of the IAPs in the cytoplasm by preventing their translocation into the 



 

 48

nucleus (Vischioni et al. 2003). The processing of procaspase-9 by caspase-3 has been 

suggested to occur not only in mitochondria but also in the nucleus (Ritter et al. 2000). 

Therefore, it might be possible that caspase-9 processing, which is necessary for the 

execution of apoptosis, is inhibited significantly by cIAP-1 in the nucleus. The nuclear 

localization of caspase-3 and procaspase-9, targets for the anti-apoptotic effect of 

cIAP-1, suggests that binding or interaction between cIAP-1 and caspases may occur in 

the nucleus (Ritter et al. 2000).  

Our results showed that the cIAP-1 is universally expressed in the cytoplasm of 

normal, dysplastic and malignant epithelial cells. The cytoplasmic expression of cIAP-1 

significantly increased from NOM through OED to OSCC samples, and is related to N 

status and clinical staging of OSCCs. The increased expression of cIAP-1 protein is an 

early event in oral carcinogenesis and cIAP-1 may be a biomarker for OSCCs. 

Measuring the amount of cytoplasmic expression of cIAP-1 in OSCC samples may 

predict the oral cancer progression in Taiwan. 
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Conclusions 

1. The increased expression of cIAP-1 is an early event in oral carcinogenesis in 

Taiwan. 

2. cIAP-1 may be a biomarker for OSCCs.  

3. There is a significant association of higher cytoplasmic cIAP-1 espression in 

OSCCs with lymph node metastasis and more advanced clinical stages.  

4. Measuring the amount of cytoplasmic expression of cIAP-1 in OSCC samples may 

predict the oral cancer progression in Taiwan. 
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Table 1. The mean cIAP-1 labeling indices (LI) in normal oral mucosa (NOM), oral 

epithelial dysplasia (OED), and oral squamous cell carcinoma (OSCC) samples  

 

 

A significant difference in the mean cytoplasmic cIAP-1 LI was found among NOM, 

OED, and OSCC samples (P = 0.000). The following comparisons were statistically 

significant for the mean cytoplasmic cIAP-1 LI: NOM v.s. mild OED, P = 0.009; NOM 

v.s moderate OED, severe OED, or OSCC, P = 0.000; mild OED vs. severe OED or 

OSCC, P = 0.000; and moderate OED vs. severe OED or OSCC, P = 0.000.  

 

Mean cytoplasmic cIAP-1  
Groups LI ± SD (%) 

NOM (n = 31) 23 ± 22 
 
OED (n = 76) 

 
50 ± 25 

 
Mild (n = 23) 

 
40 ± 24 

Moderate (n = 34) 45 ± 27 
Severe (n = 19) 72 ± 22 

 
OSCC (n = 73) 

 
73 ± 17 
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Table 2. Correlation between cytoplasmic cIAP-1 labeling indices (LI) in OSCC 

samples and clinicopathological parameters of 73 OSCC patients 

 

 

Comparison between groups was performed by Student’s t-test. 

WD = well-differentiated, MD = moderately-differentiated 

 

 

 

 
Mean cytoplasmic cIAP-1  

LI ± SD (%) 
 

P-value 
Age  0.214 

< 50 (n = 32) 76 ± 18  
≧ 50 (n = 41) 71 ± 16  

Gender  0.862 
Men (n = 63) 73 ± 16  
Women (n = 10) 72 ± 22  

Location  0.139 
Buccal mucosa (n = 41) 75 ± 17  
Other sites (n = 32) 69 ± 17  

T status  0.322 
T1 + T2 (n = 36) 71 ± 15  
T3 + T4 (n = 37) 75 ± 19  

N status  0.000 
N0 (n = 45) 66 ± 17  
N1 + N2 + N3 (n = 28) 84 ± 10  

Clinical staging  0.045 
Stage 1 + 2 (n = 28) 68 ± 15  
Stage 3 + 4 (n = 45) 76 ± 17  

Histology of SCC  0.518 
WD OSCC (n = 64) 74 ± 18  
MD OSCC (n = 9) 70 ± 10  

Recurrence  0.332 
With (n = 31) 71 ± 20  
Without (n = 42) 75 ± 15  
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Table 3 Correlation between cytoplasmic cIAP-1 labeling indices (LI) in OSCC 

samples and oral habits (OH) of OSCC patients 

 

 
Comparison between groups was performed by Student’s t-test 

 

 Mean cytoplasmic cIAP-1  
LI ± SD (%) 

P-value 

Alcohol   0.239 
Drinkers (n = 50) 75 ± 17  
Non-drinkers (n =23) 70 ± 16  

 
Areca quid 

  
0.061 

Chewers (n = 57) 75 ± 15  
Non-chewers (n = 16) 66 ± 22  

 
Cigarette 

  
0.165 

Smokers (n = 59) 74 ± 16  
Non-smokers (n = 14) 67 ± 20  

 
Combination  

  
0.193 

Patients with at least one OH (n = 64) 74 ± 16  
Patients without any OH (n = 9) 66 ± 24  
   



 

 63

Table 4. Univariate and multivariate survival analyses of cIAP-1 LI and 

clinicopathological parameters in 73 patients with OSCC by Cox proportional hazard 

regression model 

 
Factor Hazard ratio (95% CI) 

P-value 

Univariate   

N status 
 (N0 vs. N1 + N2 + N3) 

2.748 (1.267~5.957) 
0.0105 

Clinical stage 
 (Stage 1 + 2 vs. stage 3 + 4) 

2.354 (0.992~5.587) 
0.0523 

cIAP-1 LI 
 (LI ≤ 75% vs. LI > 75%) 

1.202 (0.561~2.577) 
 

0.6361 
 

   
Multivariate   

cIAP-1 LI 
 (LI ≤ 75% vs. LI > 75%) 

0.611 (0.242~1.539) 
0.2958 
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Figure 1. Immunohistochemical staining for cIAP-1. (A) Normal buccal mucosa 

showing cytoplasmic cIAP-1 staining in cells of the upper half layer of the epithelium. 

(B) Buccal mild epithelial dysplasia exhibiting cytoplasmic cIAP-1 staining mainly in 

cells of the upper half layer of the epithelium. (C) Buccal moderate epithelial dysplasia 

demonstrating cytoplasmic cIAP-1 staining mainly in cells of the upper two-thirds layer 

of the epithelium. (D) Buccal severe epithelial dysplasia showing cytoplasmic cIAP-1 

staining in the whole layer epithelial cells. (E) Buccal well-differentiated squamous cell 

carcinoma exhibiting cytoplasmic cIAP-1 staining in nearly all cells of the cancer nests 

except those in the keratin pearls. (F) Buccal well-differentiated squamous cell 

carcinoma demonstrating denser cytoplasmic cIAP-1 staining in cancer cells near the 

invasion front than in cancer cells far away from the invasion front. (Original 

magnification; A, B, C, D and F, 25×, E, 50×) 
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Figure 2. The correlation between cytoplasmic cIAP-1 LI in OSCCs and survival of 

OSCC patients was analyzed with Kaplan-Meier product-limit method. There is no 

significant difference between cytoplasmic cIAP-1 LI in OSCCs and survival of OSCC 

patients. 
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Figure 2 
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