
Summary
Purpose: To investigate the relationship of the apoptosis 
regulators X-linked inhibitor of apoptosis (XIAP) and ubiq-
uitin specific protease 8 (USP8) with clinical parameters, 
survival and response to chemotherapy in patients with ad-
vanced stages of non-small cell lung cancer (NSCLC).

Methods: The study included 34 NSCLC patients (28 fe-
males, 6 males) and 44 healthy individuals (17 males, 27 
females) as a control group. XIAP and USP8 levels were 
determined by ELISA. 

Results: The median serum XIAP level of the patients and 
the control group showed no significant difference. USP8 
level was higher in patients than in controls (p<0.0001). In 
univariate analysis, there was no significant relationship 

between XIAP and USP8 serum levels and age, sex, perfor-
mance status, weight loss, stage of disease, histopatological 
type and response to chemotherapy. Response to chemother-
apy did not differ between the high and low XIAP and USP8 
groups . There was no significant difference in progres-
sion-free survival (PFS) (p=0.432 and p=0.50, respectively) 
and overall survival (OS) (p=0.989 and p=0.90, respective-
ly) between the low and high XIAP and USP8 groups.   

Conclusion: No relationship was found in serum XIAP 
and USP8 levels with clinical parameters, response to 
chemotherapy, PFS and OS in patients with advanced stag-
es of NSCLC.   

Key words: apoptosis, non-small cell lung cancer, protein 
degradation,  USP8,  XIAP

Clinical and prognostic importance of XIAP and USP8 in 
advanced stages of non-small cell lung cancer
M. Baykara1, M. Yaman2, S. Buyukberber3, G. Tufan3, U. Demirci4, M. Benekli3, U. Coskun3, 
A. Ozet3, E. Umit Bagriacik2

1Sakarya University Training and Research Hospital, Department of Medical Oncology, Sakarya; 2Gazi University Medical Faculty, 
Department of Immunology, Ankara; 3Gazi University Medical Faculty, Department of Medical Oncology, Ankara; 4Ataturk Education 
and Research Hospital, Department of Medical Oncology, Ankara, Turkey

Correspondence to: Meltem Baykara, MD. Sakarya University Training and Research Hospital, Department of Medical Oncolo-
gy, Korucuk, Sakarya, Turkey. Tel: +90 264 2552106, Fax: +90 264 2552105, E-mail: meltembaykara@yahoo.com 
Received: 25/04/2013; Accepted: 08/05/2013

Introduction

Molecular pathways that cause apoptosis are 
controlled by activation or inhibition of the intra-
cellular cystein proteases, the caspases. The ac-
tivity of a caspase is inhibited by the inhibitor of 
apoptosis proteins (IAPs) family. This family has 
8 members: NAIP, CIAP1, CIAP2, XIAP, survivin, 
apollon, livin and ILP-2 [1]. The most studied 
member of the IAP family is XIAP.  XIAP (X-linked 
inhibitor of apoptosis) does not only inhibit the 
effectors caspase-3 and caspase-7, but also inhib-
its the initiator caspase-9. XIAP is a more potent 
caspase inhibitor than other members of the IAP 
family in in vitro studies [2]. IAPs block apoptotic 
cell death by inhibiting the activation of specif-

ic caspases. This mechanism includes preventing 
the activation of  procaspase-9 and -8, as well as 
inhibiting caspase-9, -3, -7 and the proteasomal 
degradation of caspase-9, -3, -7 via ubiquitination 
[3-5]. However, some of the IAP family members 
including XIAP can start ubiquitination and pro-
teasomal degradation by binding to endogenous 
IAPs antagonists (SMAC, HtrA2, ARTS and XAF1), 
thereby impeding the binding of IAPs to caspases 
[6-8].

Resistance to apoptosis, chemotherapy and 
radiotherapy in cancer cells has been linked to the 
overexpression of  survivin and XIAP [9-13]. In 
malignancies with XIAP and survivin overexpres-
sion the prognosis is worse [9-20]. Furthermore, 
downregulation of XIAP by silencing (si)RNA or 
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antisense oligonucleotides (ASOs) enhances che-
mosensitivity of several tumor cell types [21-23].

The ubiquitin proteasome system (UPS) is an 
important system in the lysosomal protein deg-
radation pathway [24]. Conjugation of ubiquitin 
to protein substrates involves multistep process-
es. Ubiquitin binds to the lysine residues of its 
substrate by the E1 conjugation enzyme. This 
conjugation is mediated by ubiquitin conjugases 
(E2) and ubiquitin ligases (E3) [25]. The covalent 
binding of target substrates to multiubiquitin 
molecules by multicatalytic proteosome complex-
es generally result in protein degradation [26]. 
Mono- and polyubiquitinations can be reversed 
by deubuiquitination enzymes (DUBs), which pre-
vent target protein degradation. It is estimated 
that approximately 95 DUBs are encoded in the 
human genome [27].

Overexpression of epidermal growth factor 
receptor (EGFR), a tyrosine kinase receptor, has 
been discussed in most of the epithelial cancers 
including lung cancer [28,29]. One of the mecha-
nisms that regulate EGFR expression is ubiquiti-
nation. Ubiquitin binds to EGFR and leads to its 
degradation. Ubiquitin specific protease 8 (USP8) 
is a de-ubiquitinase and a member of the ubiqui-
tin-specific protease family, regulating the ubiq-
uitination and degradation of EGFR [29-32].

In light of these data, an increasing amount 
of attention has been paid to suppressing XIAP 
and USP8 with small molecule inhibitors in the 
treatment of cancer.

In this research, we aimed to investigate the 
relationship of serum XIAP and USP8 levels with 
clinical parameters, as well as examining their ef-
fects on survival and response to chemotherapy in 
patients with advanced stages of NSCLC.

 

Methods 

Patients 

The study included 34 locally advanced and met-
astatic NSCLC patients (28 females,6 males) and 44 
healthy individuals (17 males,27 females) as a control 
group. The median age of the patients was 62.5 years 
(range 43-87) and 32 years (range 22-52) for the control 
group. 

Methods 

The local ethics committee approved this study. Pa-
tients and controls were informed about the study and 
signed a written informed consent, according to the Dec-
laration of Helsinki. Peripheral blood (5 ml) were col-
lected via venopuncture from the 34 patients and the 44 
controls. Specimens were collected from patients before 

chemotherapy and radiotherapy and were centrifuged at 
1400 x g for 15 min. Serum samples were aliquoted in 
Eppendorf tubes, and frozen at -86 OC until use.

ELISA

Human XIAP and USP8 (Usen Life Inc., Wuhan, 
China) levels were determined by ELISA. Quantita-
tive colorimetric sandwich ELISA was performed ac-
cording to the manufacturer’s recommendations. One 
hundred microliters of serum sample, depending on 
the last batch, were added to the wells coated with the 
capturing antibodies. Dublicate of wells per samples 
were used. After an incubation period of 2 h at ambi-
ent temperature, the wells were washed using a plate 
washer (Biotek EL.405,USA). Conjugate antibodies and 
substrate were added and the plates were read at 450 
nm using a plate reader (BioTek Synergy HT,USA).

Statistics

Statistical analysis was performed using the SPSS 
software programme version 15.0. Median XIAP and 
USP8 levels were taken as cut-off points for statistical 
analysis.

Low and high XIAP and USP8 groups were com-
pared with the chi-square test according to age, sex, 
stage, histological type, performance status, weight 
loss and response to chemotherapy. PFS and OS were 
estimated with the Kaplan-Meier method and the sur-
vival rates were compared with the log rank test. In 
univariate analyses  p<0.05 was considered significant. 
Multivariate analysis was not performed.

Results 

Serum XIAP and USP8 levels and clinical parameters 

The median age of the patients and controls 
was 62.5 and 32 years respectively. Seventeen of 
the 34 (5.9%) patients had stage IV NSCLC, 15 
(50%) stage IIIB and 2 (44.1%) stage IIIA. Charac-
teristics of the patients are summarized in Table 1.

The median serum XIAP levels of patients 
and controls were the same (0.51 ng/ml; range 
0.17-2.36). On the other hand, the median USP8 
level was higher in patients compared with the 
control group (0.96 ng/ml; range 0.27-2.56 and 
0.495ng/ml; 0.28-5.30, respectively; p<0.0001). In 
univariate analysis, there was no significant re-
lationship of XIAP and USP8 serum levels with 
age, sex, performance status, weight loss, stage 
of disease, histopatological type and response to 
chemotherapy (Table 2).

Relationship of XIAP and USP8 levels and survival

The median follow-up of patients was 10 
months (range 1.15-45.1). During the follow-up 
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period, 31 patients died and 3 were alive. Six of 
the 34 patients (17.6%) had received neoadjuvant 
chemotherapy before being operated. In 4 of these 
patients, metastasis developed during follow-up. 
In 3 of these patients, the XIAP levels were high, 
while in 1 of them the USP8 level was elevated. 
There was no significant relationship between  
the levels of XIAP and USP8 and the time tak-
en for the development of metastasis (log rank 
p=0.083, p=0.182, respectively). Palliative chemo-
therapy was given to 28 of the 34 patients (82.4%). 
Response to chemotherapy between the high and 
low XIAP USP8 groups did not differ. 

Regarding PFS, there was no difference be-
tween the low and high XIAP and USP8 groups. 
The median PFS was 3.29 months (95% CI 0-8.83) 
in the high XIAP group, 3.35 months (95% CI 3.1-
3.6) in the low XIAP group, 3.45 months (95% CI 
0-7.7) in the high USP8 group and 3.35 months 
(95% CI 0.9-1.58) in the low USP8 group (p=0.432 
and p=0.50, respectively) (Figure 1A, 1B).

No effect of high XIAP and USP8 levels on 
prognosis was established. There was no significant 
difference in OS between the high and low groups. 
Median OS was 10 months (95% CI 5.76-14.24) and 
10.87 months (95% CI 2.75-19) for the high and 
low XIAP groups, respectively (p=0.989), and 10.87 
months (95% CI 7.29-14.45) and 10.48 months (95% 
CI 4-16.9) for the high and low USP8 groups, re-
spectively (p=0.90, respectively) (Figure 2A, 2B).

Table 1. Patient characterictics 

Characteristics N (%)

Age (years)

≤65 22 (64.7)

>65 12 (35.3)

Gender

Male 28 (82.4)

Female 6 (17.6)

ECOG performance status 

0-1 21 (61.8)

≥2 13 (38.2)

Weight loss

Yes 5 (14.7)

No 29 (85.3)

Histology

Squamous 21 (61.8)

Adenocarcinoma 10 (29.4)

Unknown 3 (8.8)

Stage

IIIA 2 (5.9)

IIIB 15 (44.4)

IV 17 (50)

Chemotherapy

Neoadjuvant 6 (17.6)

Palliative 28 (82.4)

Surgery

Thorasic surgery 6 (17.6)

Cranial metastasectomy 3 (8.8)

Radiotherapy

Thorax curative 5 (14.7)

Thorax palliative 5 (14.7)

Cranial 8 (23.5)

Figure 1A. Kaplan-Meier curves for progression-free 
survival in relation to serum XIAP levels.  

Figure 1B. Kaplan-Meier curves for progression-free 
survival in relation to serum USP8 levels.
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Figure 2A. Kaplan-Meier curves for overall survival 
in relation to serum XIAP levels

Figure 2B. Kaplan-Meier curves for overall survival 
in relation to serum USP8 levels.

Table 2. Relationship between clinical parameters and serum XIAP and USP8 levels

 Parameters High XIAP1 Low XIAP p-value High 
USP82

Low 
USP8 p-value

Age (years)
≤65 11 11 9 13
>65 6 6 1.0 8 4 0.151

Gender
Male 13 15 14 14
Female 4 2 0.368 3 3 1.0

ECOG performance status 
0-1 10 11 11 10
≥2 7 6 0.724 6 7 0.724

Weight loss3

Yes 2 3 2 3
No 15 14 0.628 15 14 0.628

Histology
Squamous 9 12 10 11
Adenocarcinoma 6 4 5 5
Unknown 2 1 0.55 2 1 0.827

Stage4

IIIA 0 2 1 1
IIIB 8 7 8 7
IV 9 8 0.346 8 9 0.939

Response to chemotherapy
Neoadjuvant 
PR 3 2 2 3
SD 1 0 0.439 0 1 0.439

Palliative 
PR 7 3 6 4
SD 2 3 3 2
PD 6 7 0.418 7 6 0.948

1Cutoff point at the median level 0.51 ng/ml
2Cutoff point at the median level 0.96 ng/ml
3More than 10% weight loss in the last 6 months
4According to AJCC 6th edition
PR: partial remission, SD: stable disease, PD: progressive disease
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Discussion

In this study the effects of serum XIAP and 
USP8 levels on clinical parameters and survival 
were analyzed. In the study of Krepela and col-
leagues, survivin expression was found to be sig-
nificantly higher in NSCLC tumor tissue than in 
normal lung tissue, while XIAP expression was 
found to be the same in both NSCLC and normal 
lung tissue [15]. Hoffmann and his colleagues re-
ported that XIAP expression was higher in nor-
mal lung than NSCLC tissue [40-45]. In our study, 
we did not find significant difference in serum 
XIAP levels between patients with NSCLC and the 
healthy control group. This could have been due 
to the difference in the median age between pa-
tients and the healthy group.

In previous studies, it was reported that over-
expression of the IAP family was associated with 
poor prognosis in acute myeloid leukemia, lym-
phoma, colorectal cancer, renal cell cancer, gastric 
cancer and NSCLC [18,33-38]. However, no rela-
tionship between XIAP levels and survival could 
be demonstrated in colon, cervix and bladder can-
cers [10,16,17]. 

In two different studies, Carlos and colleagues 
did not observe a relationship between IAP1, IAP2 
and XIAP overexpression and age, sex, grade, his-
tology and response to chemotherapy in patients 
with advanced stages of NSCLC. Moreover, they 
found that the IAP1, IAP2 and XIAP levels did 
not affect time to progression and overall surviv-
al [16]. In another study by Carlos and colleagues 
on patients with NSCLC who had undergone rad-
ical resection, the survival of patients with XIAP  
overexpression was found to be longer. There was 
no correlation between XIAP expression and the 
apoptotic index, but there was an inverse corre-
lation between XIAP and Ki-67 and the mitotic 
index [17]. We also found similar results in that 
there was no relationship of serum XIAP levels 
with clinical parameters, response to chemother-
apy and prognosis.

Although not proven in clinical studies, in 
cell line studies using small molecule inhibitors 
or antisense oligonucleotides of XIAP and IAPS, 
apoptosis was induced and chemosensitivity of 
tumor cells increased [21,22,41,42].

 Dean and colleagues demonstrated that the 
combination of small molecule XIAP inhibitors 
with cisplatin and vinorelbine induced apoptosis 
[23]. Moreover, these inhibitors showed a syner-
gistic effect with the chemotherapeutic agents 
[23,41,42].

However,  some of the members of the IAP 
family including XIAP can start ubiquitination 

and proteasomal degradation by binding to IAP 
antagonists  (SMAC/DIABLO, HtrA2, ARTS and 
XAF1), thereby preventing the binding of IAPs to 
caspases. Some studies showed that the relative 
ratio of XIAP to SMAC/DIABLO determined sur-
vival [5-8,45-47]. Maybe this is the reason why 
different results were obtained in the clinical 
studies. XIAP levels have been measured in vitro 
and in paraffin blocks, as well as in serum sam-
ples from cancer patients. However, the results 
from all these investigations are not sufficient to 
understand the functions of XIAP and the other 
members of the IAP family, and their interaction 
with inhibitory molecules. 

Ubiquitin is a major molecule in protein deg-
radation. It also functions as an important media-
tor in intracellular signaling cascades [48]. Ubiq-
uitination of target proteins can be reversed by 
DUBs. These enzymes can affect the stability of 
key oncogenes or can negatively regulate ubiq-
uitin-mediated signaling. Deubiquitinases are 
important regulators of oncogenes and tumor 
supressor genes [49-55]. Their overexpression or 
loss of function can trigger carcinogenesis. In 
lung, ovarian, breast, prostate and hepatocellular 
cancers and malignant melanoma, expression of 
deubiquitinases is increased or decreased [56,56]. 
In our study, serum USP8 levels were higher in 
patients with NSCLC than in the healthy control 
group.

Both the oncogenic and the tumor suppressor 
functions of deubiquitinases have been defined, 
but it is difficult to determine their exact course 
of in vivo oncogenic and tumor suppressor func-
tions [57]. In lung cancer and almost all epithe-
lial cancers, tyrosine kinase receptors (TKR) are 
overexpressed [28,29]. One of the mechanisms 
that regulate EGFR is ubiquitination. Ubiqui-
tin causes degradation of EGFR by binding to it. 
USP8 is a deubiquitinase and a member of the 
ubiquitin-specific protease family, regulating the 
ubiquitination and degradation of EGFR. How-
ever, there are contradictory results with regard 
to this issue. In one study USP8 was reported to 
prevent the degradation of EGFR by deubiquiti-
nation in endosomes [30]. On the other hand, two 
other studies demonstrated that UPS8-mediated 
ubiquitination was needed for EGFR degradation 
[31,32].

In a study performed with USP8 knock-out 
mice, the levels of the tyrosine kinases EGFR, 
c-met and ErbB3 were significantly decreased. 
The results of this report questioned the prolifer-
ative role of USP8 [58].

In our study, serum USP8 levels were high in 
patients with NSCLC. However, no effects of USP8 



XIAP and USP8 in non-small cell lung cancer926

JBUON 2013; 18(4): 926

References
1. Srinivasula SM, Ashwell JD. IAPs:what’s in a name?  

Mol Cell 2008;30:123-135.
2. Ekert PG, Silke J, Vaux DL. Caspase inhibitors. Cell 

Death Differ 1999;6:1081-1086.
3. Srinivasula SM, Hegde R, Saleh A et al. A conserved 

XIAP interaction motif in caspase-9 and Smac/DIAB-
LO regulates caspase activity and apoptosis. Nature 
2001;410:112-116. 

4. Scott FL, Denault JB, Riedl SJ, Shin H, Renatus M, 
Salvesen GS. XIAP inhibits caspase-3 and -7 using 
two binding sites:evolutionarily conserved mecha-
nism of IAPs. EMBO J 2005;24:645-655.

5. Choi YE, Butterworth M, Malladi S, Duckett CS, Co-
hen GM, Bratton SB. The E3 ubiquitin ligase cIAP1 
binds and ubiquitinates caspases-3 and -7 via unique 
mechanisms at distinct steps in their processing. J 
Biol Chem 2009;284:12772-12782.

6. Martinez-Ruiz G, Maldonado V, Ceballos-Cancino G, 
Reyes-Grajeda JP, Melendez-Zajgla J. Role of Smac/
DIABLO in cancer progression. J Exp Clin Cancer Res 
2008;27:48. 

7. Vande Walle L, Lamkanfi M, Vandenabeele P. The mi-
tochondrial serine protease HtrA2/Omi:an overview. 
Cell Death Differ 2008;15:453-460.

8. Verhagen AM, Ekert PG, Pakusch M et al. Identifica-
tion of DIABLO, a mammalian protein that promotes 
apoptosis by binding to and antagonizing IAP pro-
teins. Cell 2000;102:43-53. 

9. LaCasse EC, Mahoney DJ, Cheung HH, Plenchette S, 
Baird S, Korneluk RG. IAP-targeted therapies for can-
cer. Oncogene 2008;27:6252-6275.

10. Krajewska M, Krajewski S, Banares S et al. Elevated 
expression of inhibitor of apoptosis proteins in pros-
tate cancer. Clin Cancer Res 2003;9:4914-4925.

11. Nemoto T, Kitagawa M, Hasegawa M et al. Expression 
of IAP family proteins in esophageal cancer. Exp Mol 
Pathol 2004;76:253-259.

12. Lopes RB, Gangeswaran R, McNeish IA et al. Expres-
sion of the IAP protein family is dysregulated in pan-
creatic cancer cells and is important for resistance to 
chemotherapy. Int J Cancer 2007;120:2344-2352.

13. Gordon GJ, Mani M, Mukhopadhyay L et al. Expres-
sion patterns of inhibitor of apoptosis proteins in ma-
lignant pleural mesothelioma. J Pathol 2007;211:447-
454.

14. Bilim V, Kasahara T, Hara N, Takahashi K, Tomita Y. 
Role of XIAP in the malignant phenotype of transition-

al cell cancer (TCC) and therapeutic activity of XIAP 
antisense oligonucleotides against multidrug-resist-
ant TCC in vitro. Int J Cancer 2003;103:29-37.

15. Krepela E, Dankova P, Moravcikova E et al. Increased 
expression of inhibitor of apoptosis proteins, survivin 
and XIAP, in non-small cell lung carcinoma. Int J On-
col 2009;35:1449-1462.

16. Ferreira CG, van der Valk P, Span SW et al. Expression 
of X-linked inhibitor of apoptosis as a novel prognos-
tic marker in radically resected non-small cell lung 
cancer patients. Clin Cancer Res 2001;7:2468-2474.

17. Ferreira CG, van der Valk P, Span SW et al. Assessment 
of IAP (inhibitor of apoptosis) proteins as predictors 
of response to chemotherapy in advanced non-small-
cell lung cancer patients. Ann Oncol 2001;12:799-805.

18. Li M, Song T, Yin ZF, Na YQ. XIAP as a prognostic 
marker of early recurrence of nonmuscular invasive 
bladder cancer. Chin Med J (Engl) 2007;120:469-473.

19. Mizutani Y, Nakanishi H, Li YN et al. Overexpression 
of XIAP expression in renal cell carcinoma predicts a 
worse prognosis. Int J Oncol 2007;30:919-925.

20. Cao C, Mu Y, Hallahan DE, Lu B. XIAP and survivin 
as therapeutic targets for radiation sensitization 
in preclinical models of lung cancer. Oncogene 
2004;23:7047-7052.

21. Sasaki H, Sheng Y, Kotsuji F, Tsang BK. Down-regula-
tion of X-linked inhibitor of apoptosis protein induces 
apoptosis in chemoresistant human ovarian cancer 
cells. Cancer Res 2000;60:5659-5666.

22. McManus DC, Lefebvre CA, Cherton-Horvat G et al. 
Loss of XIAP protein expression by RNAi and anti-
sense approaches sensitizes cancer cells to func-
tionally diverse chemotherapeutics. Oncogene 
2004;23:8105-8117.

23. Dean EJ, Ward T, Pinilla C et al. A small molecule 
inhibitor of XIAP induces apoptosis and synergises 
with vinorelbine and cisplatin in NSCLC. Br J Cancer 
2010;102:97-103.

24. Pickart CM. Mechanisms underlying ubiquitination. 
Annu Rev Biochem  2001;70:503-533. 

25. Glickman MH, Ciechanover A. The ubiquitin-protea-
some proteolytic pathway:destruction for the sake of 
construction. Physiol Rev 2002;82:373-428.

26. Gregori L, Poosch MS, Cousins G, Chau V. A uniform 
isopeptide-linked multiubiquitin chain is sufficient to 
target substrate for degradation in ubiquitin mediated 
proteolysis. J Biol Chem 1990;265:8354-8357.

27. Nijman SM, Luna-Vargas MP, Velds A et al. A genom-
ic and functional inventory of deubiquitinating en-

levels on clinical parameters, response to chemo-
therapy, PFS and OS could be shown.

In conclusion, we observed no relationship of 
serum XIAP and USP8 levels with clinical param-
eters, response to chemotherapy, PFS and OS in 
patients with advanced stages of NSCLC. The low 
number of patients in our study could be one of 

the reasons for these negative results. Further-
more, the in vivo roles of both XIAP and USP8  in 
carcinogenesis are quite complex. Further studies 
are needed to define the functions of both mole-
cules, their interactions with other molecules in 
the apoptotic pathway, and their association with 
prognosis and survival. 



XIAP and USP8 in non-small cell lung cancer 927

JBUON 2013; 18(4): 927

zymes. Cell 2005;123:773-786.
28. Olayioye MA, Neve RM, Lane HA, Hynes NE. The 

ErbB signaling network:receptor heterodimerization 
in development and cancer. EMBO J 2000;19:3159-67.

29. Yarden Y, Sliwkowski MX. Untangling the ErbB sig-
nalling network. Nat Rev Mol Cell Biol 2001;2:127-
137.

30. Mizuno E, Iura T, Mukai A, Yoshimori T, Kitamura N, 
Komada M. Regulation of epidermal growth factor 
receptor down-regulation by UBPY-mediated deubiq-
uitination at endosomes. Mol Biol Cell 2005;16:5163-
5174. 

31. Row PE, Prior IA, McCullough J, Clague MJ, Urbé S. 
The ubiquitin isopeptidase UBPY regulates endoso-
mal ubiquitin dynamics and is essential for receptor 
down-regulation. J Biol Chem 2006;281:12618-12624. 

32. Alwan HA, van Leeuwen JE. UBPY-mediated epi-
dermal growth factor receptor (EGFR) de-ubiquit-
ination promotes EGFR degradation. J Biol Chem 
2007;282:1658-1669.

33. Tamm I, Kornblau SM, Segall H et al. Expression and 
prognostic significance of IAP-family genes in hu-
man cancers and myeloid leukemias. Clin Cancer Res 
2000:6:1796-1803.

34. Adida C, Haioun C, Gaulard P et al. Prognostic signif-
icance of survivin expression in diffuse large B-cell 
lymphomas. Blood 2000;96:1921-1925.

35. Lu CD, Altieri DC, Tanigawa N. Expression of a novel 
antiapoptosis gene, survivin, correlated with tumor 
cell apoptosis and p53 accumulation in gastric carci-
nomas. Cancer Res 1998;58:1808-1812.

36. Monzó M, Rosell R, Felip E et al. A novel anti-apopto-
sis gene:re-expression of survivin messenger RNA as 
a prognosis marker in non-small-cell lung cancers. J 
Clin Oncol 1999;17:2100-2104.

37. Seligson DB, Hongo F, Huerta-Yepez S et al. Expres-
sion of X-linked inhibitor of apoptosis protein is a 
strong predictor of human prostate cancer recurrence. 
Clin Cancer Res 2007;13:6056-6063.

38. Ramp U, Krieg T, Caliskan E et al. XIAP expression is 
an independent prognostic marker in clear-cell renal 
carcinomas. Hum Pathol 2004;35:1022-1028.

39. Krajewska M, Kim H, Kim C et al. Analysis of apopto-
sis protein expression in early-stage colorectal cancer 
suggests opportunities for new prognostic biomark-
ers. Clin Cancer Res 2005;11:5451-5461.

40. Hofmann HS, Simm A, Hammer A, Silber RE, Bartling 
B. Expression of inhibitors of apoptosis (IAP) proteins 
in nonsmall cell human lung cancer. J Cancer Res Clin 
Oncol 2002;128:554-560.

41. Hu Y, Cherton-Horvat G, Dragowska V et al. Antisense 
oligonucleotides targeting XIAP induce apoptosis and 
enhance chemotherapeutic activity against human 
lung cancer cells in vitro and in vivo. Clin Cancer Res 
2003;9:2826-2836.

42. Olie RA, Simões-Wüst AP, Baumann B et al. A novel 
antisense oligonucleotide targeting survivin expres-
sion induces apoptosis and sensitizes lung cancer 
cells to chemotherapy. Cancer Res 2000;60:2805-2809.

43. Lu J, Bai L, Sun H et al.  SM-164:a novel, bivalent 
Smac mimetic that induces apoptosis and tumor re-
gression by concurrent removal of the blockade of 
cIAP-1/2 and XIAP. Cancer Res 2008;68:9384-9393.

44. Galbán S, Hwang C, Rumble JM et al. Cytoprotective 
effects of IAPs revealed by a small molecule antago-
nist. Biochem J 2009;417:765-771.

45. van Gurp M, Festjens N, van Loo G, Saelens X, 
Vandenabeele P. Mitochondrial intermembrane pro-
teins in cell death. Biochem Biophys Res Commun 
2003;304:487-497.

46. Ng CP, Bonavida B. X-linked inhibitor of apoptosis 
(XIAP) blocks Apo2 ligand/tumor necrosis factor-re-
lated apoptosis-inducing ligand-mediated apoptosis 
of prostate cancer cells in the presence of mitochon-
drial activation:sensitization by overexpression of 
second mitochondria-derived activator of caspase/di-
rect IAP-binding proteinwithl owpl (SMAC/DIABLO). 
Mol Cancer Ther 2002;1:1051-1058.

47. Du C, Fang M, Li Y, Li L,Wang X. SMAC, a mitochon-
drial protein that promotes cytochrome c-dependent 
caspase activation by eliminating IAP inhibition. Cell 
2000;102:33-42.

48. Dikic I, Wakatsuki S, Walters KJ. Ubiquitin-binding 
domains—from structures to functions. Nat Rev Mol 
Cell Biol 2009;10:659-671.

49. Sacco JJ, Coulson JM, Clague MJ, Urbé S. Emerging 
roles of deubiquitinases in cancer-associated path-
ways. IUBMB Life 2010;62:140-157.

50. Graner E, Tang D, Rossi S et al. The isopeptidase US-
P2a regulates the stability of fatty acid synthase in 
prostate cancer. Cancer Cell 2004;5:253-261.

51. Yang Y, Hou JQ, Qu LY et al. Differential expression 
of USP2, USP14 and UBE4A between ovarian serous 
cystadenocarcinoma and adjacent normal tissues. Xi 
Bao Yu Fen Zi Mian Yi Xue Za Zhi 2007;23:504-506.

52. Masuya D, Huang C, Liu D et al. The HAUSP gene 
plays an important role in non-small cell lung car-
cinogenesis through p53-dependent pathways. J. 
Pathol 2006;208:724-732.

53. Deng S, Zhou H, Xiong R et al. Over-expression of 
genes and proteins of ubiquitin specific peptidases 
(USPs) and proteasome subunits (PSs) in breast can-
cer tissue observed by the methods of RFDD-PCR and 
proteomics. Breast Cancer Res Treat 2007;104:21-30.

54. Zhong S, Fields CR, Su N, Pan YX, Robertson KD. 
Pharmacologic inhibition of epigenetic modifications, 
coupled with gene expression profiling, reveals nov-
el targets of aberrant DNA methylation and histone 
deacetylation in lung cancer. Oncogene 2007;26:2621-
2634.

55. Hellerbrand C, Bumes E, Bataille F, Dietmaier W, Mas-
soumi R, Bosserhoff AK. Reduced expression of CYLD 
in human colon and hepatocellular carcinomas. Car-
cinogenesis 2007;28:21-27.

56. Massoumi R, Kuphal S, Hellerbrand C et al. Down-reg-
ulation of CYLD expression by Snail promotes tumor 
progression in malignant melanoma. J Exp Med 
2009;206:221-232.

57. Rhodes DR, Kalyana-Sundaram S, Mahavisno V et 
al. Oncomine 3.0:genes, pathways, and networks in a 
collection of 18,000 cancer gene expression profiles. 
Neoplasia 2007;9:166-180.

58. Niendorf S, Oksche A, Kisser A et al. Essential role 
of ubiquitin-specific protease 8 for receptor tyrosine 
kinase stability and endocytic trafficking in vivo. Mol 
Cell Biol 2007;27:5029-5039.


