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Abstract
Background: Inhibitors of Apoptosis (IAP) family play a critical role in apoptosis and inflammatory response.
Neuronal Apoptosis Inhibitory Protein (NAIP), as a member of both IAPs and NLR families (NOD-Like Receptor), is a
unique IAP harboring NOD (Nucleotide Oligomerization Domain) and LLR (Leucine Rich Repeat) motifs. Considering
these motifs in NAIP, it has been suggested that the main function of NAIP is distinct from other members of IAPs.
As a member of NLR, NAIP mediates the assembly of ‘Inflammasome’ for inflammatory caspase activation.
Pathologic expression of NAIP has been reported not only in some infectious and inflammatory diseases but also
in some malignancies. However, there is no report to elucidate NAIP expression in lymphomatic malignancies.
Methods: In this study, we examined NAIP protein expression in 101 Formalin-Fixed Paraffin-Embedded blocks
including samples from 39 Hodgkin Lymphoma and 23 Non Hodgkin Lymphoma cases in comparison with 39
control samples (30 normal and 9 Reactive Lymphoid Hyperplasia (RLH) lymph nodes) using semi-quantitative
immuno-flourecent Staining.
Results: NAIP expression was not statistically different in lymphoma samples neither in HL nor in NHL cases
comparing to normal samples. However, we evaluated NAIP expression in normal and RLH lymph nodes.
Surprisingly, we have found a statistically significant-difference between the NAIP expression in RLH (M.R of NAIP/
GAPDH expression = 0.6365 ± 0.017) and normal lymph node samples (M.R of NAIP/GAPDH expression = 0.5882 ±
0.047) (P < 0.01).
Conclusions: These findings show that the regulation of apoptosis could not be the main function of NAIP in the
cell, so the pathologic expression of NAIP is not involved in lymphoma. But, we concluded that the over
expression of NAIP has more effective role in the inflammatory response. Also, this study clarifies the NAIP
expression level in lymphoma which is required for IAPs profiling in order to be used in potential translational
applications of IAPs.
Keywords: Inhibitor of apoptosis protein, NAIP/BIRC1, Inflammatory caspases, Inflammasome, Hodgkin lymphoma,
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Introduction
Apoptosis is a programmed process leading to cell death
which controls the development and homeostasis of multicellular organisms [1]. This cell destruction executes
when initiator caspases are assemble with adaptor molecules in response to internal or external signal, leading to
caspase activation [2-4]. Up to now, numerous literatures
have been reported on critical role of apoptosis in different pathological conditions [5]. The loss of apoptosis regulation might proceed in a wide variety of diseases like
cancer development and progression while the excess of
apoptosis might result in neurodegenerative [6] and
immunodeficiency disorders [1]. So, the impaired regulation of apoptosis is considered to be a prominent event
in the development and progression of tumor cells [7,8].
The mechanisms of these defects, however, have not
been fully elucidated. But, a complex network of proand anti-apoptotic proteins governing the tight regulation of apoptosis has been revealed [1]. Among antiapoptotic proteins, a group of structurally related proteins, known as the inhibitor of apoptosis proteins (IAPs)
are the only cellular factors that act both as the initiator
and effector caspases [1,5,9].
IAPs family plays critical role in apoptosis and inflammatory process and as its name implies, it can inhibit
the apoptosis induced by a variety of stimuli. Therefore,
the over expression of various IAPs is regarded as an
unfavorable feature at diagnosis and poor treatment
response [8,10-12].
Structurally, IAP family proteins are characterized by
the presence of one or a tandem repeat of three BIR
domains [2]. The BIR domain is a zinc-binding fold of
approximately 70 invariant amino acids [13,14], including three conserved cysteine and one conserved histidine
residues within the sequences CX2 CX 16 HX6-8 C [15].
What is important about BIR domain is that This
domain has a critical role for the anti-apoptotic properties of the IAPs [2] which the interaction between a
functional BIR domain and IAP-binding motifs (IBMs)
of executioner caspase-3 and -7 as well as initiator caspase-9 [2,13] leads to the apoptosis regulation by IAPs
protein.
In general, IAPs are involved in apoptosis regulation
through interaction between its functional BIR domain
and IAP-binding motifs (IBMs) of executioner caspase-3
and -7 as well as initiator caspase-9 [2,13]. In addition
to BIR domain, IAPs harbor other kind of domains like
RING, CARD and NOD. The presence of these domains
make it possible that beside the apoptosis inhibition,
IAPs participate in other accessory biological functions
like cell development and differentiation, cell cycle progression, cell division, cell signal transduction, cell proliferation, cell motility and also the most important one,
immune responses [2,16,17].
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Up to now, as many as eight human IAP members have
been identified, NAIP/BIRC1, cIAP-1/BIRC2, cIAP-2/
BIRC3, XIAP/BIRC4, SURVIVIN/BIRC5, BRUCE/BIRC6,
ILP-2/BIRC8 and Livin/BIRC7 [13,16]. Based on the presence or absence of a RING finger and the homology of
their BIR domain, this protein family has been divided
into 3 classes of 1, 2 and 3. Class 1 IAPs (XIAP, cIAP-1,
cIAP-2, ILP-2 and Livin) contains homologous BIR
domains and a RING finger motif. Class 2 IAPs (NAIP)
has three BIR domains but no RING finger motif. Not to
mention that class 2 BIR domains are more distantly
related to the BIR domains of the class 1 IAPs. And class
3 IAPs (SURVIVIN and BRUCE) contain only a single
BIR domain and no RING finger [16,18].
The evaluated IAP in this study, Neural Apoptosis Inhibitory Protein (NAIP) was identified in 1995 by Roy et al.,
while they were searching for a gene on chromosome
5q13 responsible for childhood muscular atrophy [16].
Later, it was also detected that NAIP is associated to the
inherited disease, spinal muscular dystrophy (SMA), which
occurs in childhood and manifests as a degeneration of
motor neurons [19]. In this case, Mutations which loss the
NAIP functions lead to dys-regulation of apoptosis in
lower motor neurons. Consistent with this phenotype,
NAIP appears to be mainly expressed in neurons where its
role is to protect cells against apoptosis [20] and it plays a
crucial role for survival of neurons in the pathological condition [15,17].
The NAIP/BIRC1 gene coding region spans 4,212
nucleotides encoding 1403-amino acids of the 156 kDa
protein. This sole member of class 2 IAPs protein (NAIP)
contains 3 sequential BIR domains at N-terminus. In addition to the BIR domain, NAIP carries a NOD followed by
a LRR [4,17]. So, it is obvious that BICR1/NAIP would be
quite typical among other IAPs. So It has been suggested
that NAIP functions are distinct from other IAP proteins
by harboring NOD and LRR domains [2].
Thanks to presence of NOD domain and LRR motif in
NAIP protein, it belongs to not only the IAPs protein
family but also the NLR protein family. NOD domain in
the NAIP is essential for for the oligomerization of the
molecules involving in signal transduction and also LRR
domain involves for senseing microbial motif. In human,
NLRs protein family is composed of 23 members which all
of them are intercellular sensors that have key role in
innate immunity and inflammation [21,22]. NAIP along
with some other members of NLR such as NALPs and
IPAF promote the assembly and regulation of cytoplasmic
multiprotein complex termed “inflammasome”. This protein complex is required for the activation of inflammatory
caspases (group I caspase) in response to several stimuli
[21,23,24].
The inflammatory caspases in human consist of caspase 1, 4, 5, 11 and 12. The best characterized one,
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caspase1/ICE or interleukin-1 b converting enzyme,
involves in cytokine maturation such as pro-IL1 b, proIL18 and possibly Pro-IL33. These cytokines are mostly
involved in the innate immunity [21,23,25].
Taking into account the possible role of NAIP as a
modulator in assembling of inflammasome for inflammatory caspase activation [20], it might be suggested
that the main function of NAIP in the cell is involvement in the inflammatory process not in the apoptosis
inhibition. On the other word, the pathologic expression
of NAIP might be involved in the infectious [22] and
inflammatory diseases [20] not in the malignancies.
There are a few studies on the potential role of NAIP
over expression in apoptosis regulation and its clinical
relevance in tumor context. So far, high level expression
of NAIP has been reported in prostate cancer cell line
[1,26], breast cancer patients [10] and bone marrow of
AML [8]. But, there is no report on the possible role of
NAIP in lymphoma malignancies.
Taking together, NAIP has two different biologic functions in the cells, one in inflammatory process through
the inflammatory caspase-1,-4 and -5 activation [23] and
other in apoptosis regulation via the executioner caspase-3 and -7 inhibition [1].
In general, HL is characterized by favorable prognosis
in clinical setting and by a heterogenous cellularity,
comprising a majority of inflammatory non-neoplastic
cells as well as a minority of specific neoplastic cells
[27-29]. NHL is classified into low grade and high grade
lymphomas [30-32]. In this study, the lymphoma group
consisted of 39 HL and 23 NHLs. we considered the
available FL cases as a representative of other low grade
NHLs as well as the available DLBCL and ALCL cases
as a representative of other high grade NHLs, hoping to
better understanding about main function of NAIP in
Lymphoma context by evaluating the NAIP protein
expression.
So, considering the possible bi-functional activity of
NAIP in cells, we aimed to evaluate the NAIP expression
differences in the malignant lymph nodes in comparison
with non-malignant ones. And we also compared the
expression of NAIP between normal lymph node samples
and follicular hyperplasia lymph node samples due to the
possible function of NAIP in inflammatory response
We aimed to evaluate the differences of NAIP expression in the malignant lymph nodes comparing to in the
non-malignant lymph nodes, and we also compare.

Materials and methods
Ethics committee approval

The study was performed on human lymph node samples with the approval of the Ethics Committee of the
Deputy for Research of Isfahan University of Medical
Sciences.
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Patient and donor material

In this study, we use evaluated 101 paraffin embed block
including 39 and 23 FFPE-tissue blocks which were
diagnosed as HL and NHL respectively considered as a
subject group. The NHL case group consisted of 6, 15
and 2 cases of FL, DLBCL and ALCL respectively.
Furthermore, 30 FFPE-tissue blocks of normal and 9
FFPE-tissue blocks of RLH nodes were used as the control group.
The lymph nodes were excised in the department of
surgery, University Hospital of St. Seyed Alshohada and
St. Al’Zahra, Isfahan University of Medical Sciences,
from 2006 to 2010.
The Primary diagnosis for HL and NHL was performed based on histological examination through H&E
staining and immunophenotype examination of CD15/
Leu-M1, CD30, CD19, CD20, CD22, CD45/LCA and
CD79 diagnostic marker panel by IHC. Those finally eligible lymph node blocks for this study were confirmed
again by hematopathologist with supplementary immunohistochemical staining (detailed data not given).
Clinical features of all patient including sex, age, Bsymptom (fever, night sweats, weight loss), lymph node
involvement site (cervical, auxiliary, mediastinum, para
aortic, parahilar, inguinal) and extra-lymphatic organ
involvement(lung, liver, spleen, bone marrow)were
recorded and clinical staging based on Ann Arbor criteria
was performed by oncologist.
Immunostaining

The samples were subjected to paraffin wax histology
using standard method. Histological sections (3 μm)
were cut using a Jung rotary microtome, floated out on
a 50-50 volume mixture of absolute ethanol-distilled
water at 48°C, and then mounted on glass microscope
slides, which were previously coated with 3-aminopropyltriethoxysilane prior to overnight storage at 37°C.
The applied semi-quantitative method in this study
was the same as method that was developed and applied
by our lab in previous studies with minor modification
[33]. Briefly, to measure NAIP expression in all cases,
NAIP expression needs to be assessed by comparison
between this protein (NAIP) and a house keeping protein (GAPDH).
To do that, we used two antibodies against NAIP and
GAPDH. Because the expression of GAPDH is constant
in normal and neoplastic lymphoid tissue, any differences in NAIP/GAPDH ratio indicate changes in NAIP
protein expression. This is a semi-quantitative method
to compare protein expression in tissue sections.
NAIP and GAPDH protein expression were measure
using semi-quantitative immunofluorescent assay. For
NAIP detection, we used NAIP primary antibody Baculoviral IAP Repeat -containing (BIRC1/NAIP) Rabbit
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anti-Human IgG polyclonal antibody (Lot ID:LS-B455).
GAPDH primary antibody was Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH) mouse anti-Human IgG
monoclonal (2D4A7) antibody (Lot ID:LS-B520). These
antibodies were purchased from Life Span Biosciences
Company(USA). Fluorochrome-conjucated secondary
antibody against NAIP and GAPDH were Fluorescein
(FITC) Affini Pure Goat anti-rabbit IgG (H + L) and
Texas Red Affini Pure Goat anti- mouse IgG (H + L),
respectively. These reagents were purchased from Jackson immune Company (USA).
Slide preparation involves transferring sections to
slides, removal of paraffin, re-hydration and also antigen
retrieval treatment. Sections were de-paraffinized
through microwave oven (67°C for 45 min) and Xylene
treatment (4 × 10 min). Then, they were gradually rehydrated in the following manner:75% Alcohol (1 × 5 min),
85% Alcohol (1 × 5 min), 95% Alcohol (1 × 5 min) and
finally absolute Alcohol (2 × 5 min), deionised water (5
min), Phosphate buffer saline (PBS)(2 × 5 min).
After re-hydration, slides were allowed to dry at room
temperature, and then with DAKO Pen, the rim of tissue
section on slides was marked. Next, 150 μl of PBS was
added to each slides and incubated for 15 min at 37°C in a
humidified chamber before antibody treatment. Primary
antibodies (NAIP and GAPDH) were diluted to its optimal
dilution (1/100) in diluents. After that, 50 μl of the primary antibodies were added to the slides and incubated
for 45 min at 37°C before rinsing slides with PBS. The following steps need to be done in dark.
The secondary conjugated antibodies were diluted to
their optimal dilution (1/50) in diluents. Then, 50 μl of
secondary antibodies were applied to each slides, The
slides were then incubated for 1 h at 37°C, before washing
in PBS (2 × 10 min).
In this study NAIP was stained with FITC and
GAPDH was stained with Texas Red conjugation.
Finally, all slides covered with cover slip, sealed with
clear nail polish and kept in a cold and dark place.
Image analysis

Prepared slides were examined using a LEICA fluorescence microscope (BZ00) with filter sets suitable for
FITC & Texas Red dyes. Two images were taken from
each microscope field, one with blue filter (350-450 nm)
and another with green filter (550-650 nm).
Furthermore, for each sample, between 20 and 30
images were taken from different sites of the tissue section, randomly. The images were transferred to computer
monitor and saved. Images were captured using a cooled
charge coupled device (CCD) camera (LEICA: DC 350F)
interfaced with a PC computer. We analyzed these saved
images by using an image processing algorithm in
MATLAB.7 software.http://www.mathworks.com. Whole
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boundary of desired cells in both green and red plane of
our available images were selected and then the ratio for
intensity between the mean of pixels in green and red
plane of selected cells was computed by following ratio
formula:
Ratio=

Mean of pixels intensity for a cell in green plane(indicated NAIP expression)
Mean of pixels intensity for the same cell in red plane (indicated GAPDH expression )

Unlike some previous studies, which were selected &
analyzed images randomly among all samples In this
study [34], in order to acquire a high accurate and trustworthy results, samples were analyzed one to one. Of all
taken images for each sample, a 30-cell- collection was
selected and then analyzed by the above software. The
total cell count was more than 3,000 cells in all prepared HL, NHL and the control sections.
For the HL cases, the desired cells for analyzing were
preferentially lymphocytes in the heterogeneous background population. In contrast to NHL which contains
a homogeneous population of malignant cells, the
desired cell selection for the HL samples was challengeable and time-consuming.
Statistical analysis

One way analysis of variance (ANOVA) and student’s
t-test were run to analysis the mean level of NAIP
expression ratio between both cases (HL and NHL) and
control groups. Furthermore, c2 and Fisher’s exact tests
were applied to analysis data in clinical features’ part of
the study. Table 1.

Results
In this study, the expression profiling of NAIP in 39 HL
was compared to 39 non-neoplastic lymphoid tissues
(30 normal and 9 RLH lymph nodes). As well as, NAIP
protein expression in the 23 low and high grade NHLs
was compared with the control group. The NAIP protein expression was measured in all samples. To fulfill
this purpose, multi-color FISH method was modified
and applied for semi-quantitative Immunoflourecent.
This procedure had been developed to detect expression
of more than one protein within the same cell, at the
same time. In fact, the quantitative evaluation of any
intended protein expression would be achievable just by
considering the relative hybridization signal intensities
from two different proteins. One with a variable expression and another with constant expression termed
housekeeping gene in neoplastic and normal lymphoid
tissue. This method was developed by our lab in previous studies. It provides acceptable data for measurement of protein expression within the context of any
individual cell. We calculated alteration in the expression of NAIP protein in our samples based on decrease
or increase NAIP/GAPDH ratio. Any changes in the
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Table 1 Clinical features of patient with hodgkin lymphoma(HL)
Clinical features of patient with HL
Medium age

HL:33.8 ± 15.2
NHL:43 ± 21.9

Sex

Male

Female

HL

21

NHL

17

18
5

Positive
B symptom
1- Fever

Negative

HL

14

NHL

11

HL

10

9 out of 14

2-night sweat
3-weight loss

NHL

7 out of 11

7 out of 14
8 out of 14

Lymph node
Involvement

6 out of 11
2 out of 11

Cervical/auxiliary/mediastinal/par aortic/parahial/inguinal
HL

26

5

9

3

3

NHL

12

4

3

0

3

Lung

liver

spleen

bone marrow

others

HL

3

2

3

0

4

NHL

3

1

2

0

1

extra-lymphatic organ involvement

ratio of green (conjugated hybrid with NAIP) to red
(conjugated hybrid with GAPDH) indicate changes in
the expression of NAIP. Figure 1.
To determine whether or not NAIP up-regulation
occurs in neoplastic tissue, around 1,030 infiltrating cells
in all HL samples (mostly lymphocyte) and approximately

A.

17

4
2

the same number of background cells in both normal and
RLH lymph nodes were analyzed. M.R of NAIP/GAPDH
expression in all HL cases was 0.5834 ± 0.021 and in control group was 0.5987 ± 0.045. So, NAIP expression was
not statistically significant between HL and control group
samples (P = 0.07, t-test). Figure 2.

.B

Figure 1 Representative of the NAIP and GAPDH expression detected by FITC and Texas Red conjugated antibodies, respectively. (A)
And (B) are images of HL.
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Figure 2 The M.R of NAIP/GAPDH expression in 39 cases of HL
and 39 cases of control (normal and RLH) lymph nodes. The
NAIP protein expression in HL and control grope was not
statistically significant.

Furthermore, the NAIP expression issue was evaluated
in NHLs. To do those approximately 800 malignant
cells in three types of NHLs were measured. Then, the
acquired results between NHLs and control cases were
analyzed. The M.R of NAIP/GAPDH expression in all
types of NHL was 0.6040 ± 0.026 and in control group
was0.5987 ± 0.045. The result shows that over expression of NAIP between NHLs and control group was not
statistically significant (P = 0.03, t-test). Figure 3.

Figure 3 The M.R of NAIP/GAPDH expression in 23 cases of
NHLs and 39 cases of control group. The NAIP protein expression
between these groups was not statistically significant.
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Then, we subdivided the NHLs case group into low
grade and high grade entities and analyzed again. The M.
R of NAIP expression in FL as a representative of low
grade lymphoma was 0.5886 ± 0.012 while the M.R of
NAIP expression in both DLBCL and ALCL as a representative of high grade or aggressive lymphoma was
0.6095 ± 0.028. Despite a slight increase of NAIP expression in high grade lymphoma comparing to low grade
one, over expression of NAIP was not statistically significant neither in low grade nor in high grade NHLs in
compression with the control group. (P = 0.78, P = 0.23,
respectively. t-test). Figure 4.
Moreover, we evaluated NAIP expression separately in
normal and RLH lymph nodes. Surprisingly, there was
found a statistical difference between the NAIP expression in RLH (M.R of NAIP/GAPDH expression =
0.6365 ± 0.017) and the same number of normal lymph
nodes (M.R of NAIP/GAPDH expression = 0.5882 ±
0.047) (p > 0.05). Figure 5.
Indeed, our study did not reveal any correlation
between the level of the NAIP expression and the prognostic factors such as age, gender, B symptom and lymphoid and extra-lymphoid tissues involvements in both
HL and NHL. Clinical features of case group are shown
in Table 1.

Discussion
This study sheds new light on the expression status of
NAIP which can potentially participate in both apoptotic and inflammatory processes in human malignancies.
NAIP was identified in 1995 when Roy et al. were
searching for gene on chromosome 5 responsible for
childhood muscular atrophies [15]. Then, mutation in the
NAIP has been linked to development of spinal muscular
atrophy (SMA), which is a progressive motor neurodegenerative disorder [19]. Considering NAIP involvement in
SMA, it has been suggested that NAIP is mainly expressed
in neurons and plays a prominent role in survival of neurons due to protection of neurons against apoptosis
[15,17,20]. Although in some studies it has been claimed
that NAIP is a direct inhibitor of caspase-3 and -7 [19] but
in other review it has been reported that the mechanisms
for the antiapoptotic effect of NAIP has not been exactly
elucidated and all of the human IAPs family members,
with exception of NAIP interact with specific cysteine proteases, or caspases, required for the cleavage of certain
proteins involved in the disassembly of the cell during
apoptosis [14].
Up to now, in few studies, the overexpression of NAIP
in malignancies has been validated and considered as an
effective factor for tumor development and progression.
High level expression of NAIP along with SURVIVIN,
cIAP-1, cIAP-2 and XIAP were reported in prostate
cancer cell line [1,26]. Also, NAIP overexpression in
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Figure 4 The M.R of NAIP/GAPDH expression in low grade and High grade of NHLs of NHLs compared to control group. The NAIP
protein expression between these groups was not statistically significant.

breast cancer samples of patients with unfavorable clinical features was detected using quantitative RT-PCR and
it was suggested that NAIP would play a role in disease
progression [10]. Furthermore, strong expression of
NAIP along with SURVIVIN was observed in the bone
marrow of AML patients [8].
On the other hand, with emphasis on functional
domains (NOD and LRR) of NAIP protein [23], in some
studies, NAIP has been introduced as a regulator for
inflammasome formation, a cytoplasmic protein complex that activates inflammatory caspases in response to
different stimuli [20]. So, regardless of apoptosis inhibitory activity of NAIP, its pathologic expression might be
considered to be involved indirectly in some infectious
[22] and auto-inflammatory diseases [20].
To better understand the controversial function of
NAIP, we decided to evaluate NAIP expresstion in

Figure 5 The M.R of NAIP/GAPDH expression between normal
and RLH in the control groups. The NAIP protein expression
between these groups was statistically significant (p = 0.012).

lymphomas. This is the first study to elucidate the NAIP
expression not only in HL but also in NHLs. We found
that the differences in expression of NAIP are not statistically significant in none of favorable (HL), low grade (FL)
and even high grade (DLBCL and ALCL) types of lymphoma in comparison with non-neoplastic control group.
This result suggests that the regulation of apoptosis might
not be the main function of NAIP unlike other IAPs.
Although Semi-quantitative Immuno-flourecent Staining and IHC have some advantages in detecting specific
proteins in histological observations [10], but highly sensitive and quantitative analysis such as RT-PCR is recommended for underpinning and guaranteeing this report.
Surprisingly, we found significantly different expression of NAIP between the RLH lymph nodes and the
same number normal lymph nodes in the control group.
Considering our finding and taking into account the
fact that inflammatory reaction is a cornerstone in RLH
pathogenesis against a long list of bacteria, viruses,
environmental pollution, drugs and altered tissue components [22], we propose that the main function of
NAIP might be in the inflammatory process. But, we
strongly recommend evaluating the NAIP expression in
RLH with larger number of non-neoplastic lymphadenophathy subclasses.
Finally, considering the required Pan-IAPs profiling
for translational application of IAPs as an attractive
therapeutic target, prognostic and diagnostic marker
[13,16], we have elucidated the NAIP expression level in
different subtypes of lymphoma.
Abbreviations
NAIP: Neuronal apoptosis inhibitory protein; IAP: Inhibitor of apoptosis
protein; NLR: NOD-like receptor; BIR: Baculoviral IAP repeat; NOD: Nucleotide-

Mazrouei et al. Journal of Inflammation 2012, 9:4
http://www.journal-inflammation.com/content/9/1/4

oligomerization domain; LRR: Leucine rich repeat; HL: Hodgkin lymphoma;
NHL: Non Hodgkin lymphoma; DLBCL: Diffuse large B cell lymphoma; FL:
Follicular lymphoma; ALCL: Anaplastic large cell lymphoma; RLH: Reactive
lymphoid hyperplasia; FFPE: Formalin-fixed paraffin-embedded; M.R: Mean
ratio.
Acknowledgements
This work was founded by Grant No. 187070 form the deputy for Research,
Isfahan University of Medical Sciences, and Isfahan, Iran.
We would like to thank Dr. Ehsan Ziaee (Medical School, Shahre kord
University of Medical Sciences, Shahre kord) for sample collection and Dr.
Saeid Ziaei (Clinical Proteomics Research Center, Faculty of Paramedical
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran) for
sample collection and editing the manuscript. Dr. Fatemeh Salehi (Dept of
Pathology, Medical School, Mazandaran University of Medical Sciences, Sari),
Dr. Yahya Asadi (Marienhaus kliniken wadern-losheim, Germany) and Ms.
Karthika Annamalai (Faculty of Medicine, Friedrich Schiller University of Jena,
Germany) for editing the manuscript.

Page 8 of 9

8.

9.

10.

11.

12.

13.
Author details
1
Dept of Genetics and Molecular Biology, Medical School, Isfahan University
of Medical Sciences, Isfahan, Iran. 2Dept of Pathology, Medical School,
Isfahan University of Medical Sciences, Isfahan, Iran. 3Dept of Biomedical
Engineering, Medical School, Isfahan University of Medical Sciences, Isfahan,
Iran. 4Medical Student Research Center, Medical School, Isfahan University of
Medical Sciences, Isfahan, Iran. 5Medical Genetics Center of Genome, No 208,
Shariati St. (West), Isfahan, Iran. 6Faculty of Medicine, Friedrich Schiller
University of Jena, Jena, Germany. 7Ottawa Hospital Research Institute,
Ottawa, Ontario, Canada.
Authors’ contributions
ZA, SM, TAP and KK: generated hypothesis and also designed study ZA, MS
and SM: participated in sample collection, carried out, semi-quantitative
immuno-flourecent Staining, participated in image analysis and data
collection and drafted manuscript and also revised it. TAP: participated in
sample collection, carried out semi-quantitative immuno-flourecent Staining,
participated in image analysis and data collection. EM and BA participated in
sample collection and image analysis. All authors read and approved the
final manuscript.

14.
15.

16.
17.
18.
19.

20.

21.
Competing interests
The authors declare that they have no competing interests.
22.
Received: 29 July 2011 Accepted: 23 February 2012
Published: 23 February 2012
23.
References
1. Nachmias B, Ashhab Y, Ben-Yehuda D: The inhibitor of apoptosis protein
family (IAPs): an emerging therapeutic target in cancer. Semin Cancer Biol
2004, 14:231-243.
2. Herman MD, Moche M, Flodin S, Welin M, Tresaugues L, Johansson I,
Nilsson M, Nordlund P, Nyman T: Structures of BIR domains from human
NAIP and cIAP2. Acta Crystallogr Sect F Struct Biol Cryst Commun 2009,
65:1091-1096.
3. Karimpour S, Davoodi J, Ghahremani MH: Integrity of ATP binding site is
essential for effective inhibition of the intrinsic apoptosis pathway by
NAIP. Biochem Biophys Res Commun 2011, 407:158-162.
4. Davoodi J, Ghahremani MH, Es-Haghi A, Mohammad-Gholi A, Mackenzie A:
Neuronal apoptosis inhibitory protein, NAIP, is an inhibitor of
procaspase-9. Int J Biochem Cell Biol 2010, 42:958-964.
5. Liston P, Fong WG, Korneluk RG: The inhibitors of apoptosis: there is
more to life than Bcl2. Oncogene 2003, 22:8568-8580.
6. Jantas D, Lorenc-Koci E, Kubera M, Lason W: Neuroprotective effects of
MAPK/ERK1/2 and calpain inhibitors on lactacystin-induced cell damage
in primary cortical neurons. Neurotoxicology 2011, 32(6):845-856, Epub
2011 Jun 1.
7. de Graaf AO, van Krieken JH, Tonnissen E, Wissink W, van de Locht L,
Overes I, Dolstra H, de Witte T, van der Reijden BA, Jansen JH: Expression
of C-IAP1, C-IAP2 and SURVIVIN discriminates different types of
lymphoid malignancies. Br J Haematol 2005, 130:852-859.

24.
25.
26.

27.
28.
29.
30.

31.

32.

Grzybowska-Izydorczyk O, Cebula B, Robak T, Smolewski P: Expression and
prognostic significance of the inhibitor of apoptosis protein (IAP) family
and its antagonists in chronic lymphocytic leukaemia. Eur J Cancer 2010,
46:800-810.
Choi J, Hwang YK, Sung KW, Lee SH, Yoo KH, Jung HL, Koo HH, Kim HJ,
Kang HJ, Shin HY, Ahn HS: Expression of Livin, an antiapoptotic protein,
is an independent favorable prognostic factor in childhood acute
lymphoblastic leukemia. Blood 2007, 109:471-477.
Choi J, Hwang YK, Choi YJ, Yoo KE, Kim JH, Nam SJ, Yang JH, Lee SJ,
Yoo KH, Sung KW, et al: Neuronal apoptosis inhibitory protein is
overexpressed in patients with unfavorable prognostic factors in breast
cancer. J Korean Med Sci 2007, 22(Suppl):S17-S23.
Schlette EJ, Medeiros LJ, Goy A, Lai R, Rassidakis GZ: Survivin expression
predicts poorer prognosis in anaplastic large-cell lymphoma. J Clin Oncol
2004, 22:1682-1688.
Grzybowska-Izydorczyk O, Smolewski P: The role of the inhibitor of
apoptosis protein (IAP) family in hematological malignancies. Postepy Hig
Med Dosw (Online) 2008, 62:55-63.
Wang L, Zhang Q, Liu B, Han M, Shan B: Challenge and promise: roles for
Livin in progression and therapy of cancer. Mol Cancer Ther 2008,
7:3661-3669.
Kasof GM, Gomes BC: Livin, a novel inhibitor of apoptosis protein family
member. J Biol Chem 2001, 276:3238-3246.
Verhagen AM, Coulson EJ, Vaux DL: Inhibitor of apoptosis proteins and
their relatives: IAPs and other BIRPs. Genome Biol 2001, 2(7):REVIEWS3009,
Epub 2001 Jul 5.
Schimmer AD: Inhibitor of apoptosis proteins: translating basic
knowledge into clinical practice. Cancer Res 2004, 64:7183-7190.
Dubrez-Daloz L, Dupoux A, Cartier J: IAPs: more than just inhibitors of
apoptosis proteins. Cell Cycle 2008, 7:1036-1046.
Yan B: Research progress on Livin protein: an inhibitor of apoptosis. Mol
Cell Biochem 2011, 357(1-2):39-45, Epub 2011 May 27.
Maier JK, Lahoua Z, Gendron NH, Fetni R, Johnston A, Davoodi J, Rasper D,
Roy S, Slack RS, Nicholson DW, MacKenzie AE: The neuronal apoptosis
inhibitory protein is a direct inhibitor of caspases 3 and 7. J Neurosci
2002, 22:2035-2043.
Chamaillard M, Girardin SE, Viala J, Philpott DJ: Nods, Nalps and Naip:
intracellular regulators of bacterial-induced inflammation. Cell Microbiol
2003, 5:581-592.
Franchi L, Eigenbrod T, Munoz-Planillo R, Nunez G: The inflammasome: a
caspase-1-activation platform that regulates immune responses and
disease pathogenesis. Nat Immunol 2009, 10:241-247.
Maier JK, Balabanian S, Coffill CR, Stewart A, Pelletier L, Franks DJ,
Gendron NH, MacKenzie AE: Distribution of neuronal apoptosis inhibitory
protein in human tissues. J Histochem Cytochem 2007, 55:911-923.
Martinon F, Tschopp J: Inflammatory caspases and inflammasomes:
master switches of inflammation. Cell Death Differ 2007, 14:10-22.
Martinon F, Gaide O, Petrilli V, Mayor A, Tschopp J: NALP inflammasomes:
a central role in innate immunity. Semin Immunopathol 2007, 29:213-229.
Ting JP, Davis BK: CATERPILLER: a novel gene family important in
immunity, cell death, and diseases. Annu Rev Immunol 2005, 23:387-414.
Krajewska M, Krajewski S, Banares S, Huang X, Turner B, Bubendorf L,
Kallioniemi OP, Shabaik A, Vitiello A, Peehl D, et al: Elevated expression of
inhibitor of apoptosis proteins in prostate cancer. Clin Cancer Res 2003,
9:4914-4925.
Mani H, Jaffe ES: Hodgkin lymphoma: an update on its biology with new
insights into classification. Clin Lymphoma Myeloma 2009, 9:206-216.
Diehl V: Hodgkin’s disease-from pathology specimen to cure. N Engl J
Med 2007, 357:1968-1971.
Kuppers R: Molecular biology of Hodgkin lymphoma. Hematol Am Soc
Hematol Educ Program 2009, 2009:491-496.
Berglund M, Enblad G, Thunberg U, Amini RM, Sundstrom C, Roos G,
Erlanson M, Rosenquist R, Larsson C, Lagercrantz S: Genomic imbalances
during transformation from follicular lymphoma to diffuse large B-cell
lymphoma. Mod Pathol 2007, 20:63-75.
Zelenetz AD, Abramson JS, Advani RH, Andreadis CB, Bartlett N, Bellam N,
Byrd JC, Czuczman MS, Fayad LE, Glenn MJ, et al: Non-Hodgkin’s
Lymphomas. J Natl Compr Canc Netw 2011, 9:484-560.
Salaverria I, Siebert R: Follicular lymphoma grade 3B. Best Pract Res Clin
Haematol 2011, 24:111-119.

Mazrouei et al. Journal of Inflammation 2012, 9:4
http://www.journal-inflammation.com/content/9/1/4

Page 9 of 9

33. Salehi M, Barron M, Merry BJ, Goyns MH: Fluorescence in situ
hybridization analysis of the fos/jun ratio in the ageing brain. Mech
Ageing Dev 1999, 107:61-71.
34. Kabiri Z, Salehi M, Mokarian F, Mohajeri MR, Mahmoodi F, Keyhanian K,
Doostan I, Ataollahi MR, Modarressi MH: Evaluation of ARG protein
expression in mature B cell lymphomas compared to non-neoplastic
reactive lymph node. Cell Immunol 2009, 259:111-116.
doi:10.1186/1476-9255-9-4
Cite this article as: Mazrouei et al.: Apoptosis inhibition or inflammation:
the role of NAIP protein expression in Hodgkin and non-Hodgkin
lymphomas compared to non-neoplastic lymph node. Journal of
Inflammation 2012 9:4.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

