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Inhibitor of differentiation (Id) proteins are members of the Helix-Loop-Helix (HLH) group of transcription 

factors. These proteins uniquely have no DNA-binding domain and they play vital roles in cell growth, 

differentiation, senescence, apoptosis, angiogenesis and neoplastic transformation. Objective: This work 

investigated the pro-apoptotic functions of Id proteins and their loss-or gain-of function mutants to delimit the 

functional domains that are essential for apoptosis in an in vitro model using human epithelial colon carcinoma 

cell line (HCT116). Plasmids encoding Id1, Id2, Id3 and Id4 proteins were transiently over-expressed in cultured 

HCT116. Initially, cell proliferation assay with MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium 

bromide) was performed, followed by apoptotic and cell cycle analyses on the transfected cells. Apoptotic and 

cell cycle profiles were generated and statistically analyzed. Id3 protein exhibited a pro-apoptotic effect in 

colorectal cancer cell lines (HCT116). In addition, over-expression of Id3 resulted in growth arrest in HCT116. 

Id2 Asp5 showed a pro-apoptotic whilst Id2 Ala5 and Id2 HB enhanced viability of HCT116. These findings 

suggest that Id2 Asp5 may be loss-of-function mutant in HCT116 lines. The aspartate mutant of Id3 (Id3 Asp5) 

was observed to be pro-apoptotic. However Id3 Ala5 and Id3 HB showed an anti-apoptotic effect. These findings 

suggest that Id2 Asp5, Id3 Ala5, Id3 HB and Id3NLS may be loss-of-function mutants in HCT116 whilst Id2 

Ala5, Id2 HB and Id3 Asp5 are gain-of-function mutants. These results may suggest that Id2 and Id3 may play 

essential roles in modulating human epithelial colon carcinoma growth and survival and could provide some hope 

for therapeutic opportunities in the treatment of colonic cancers.  
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1. INTRODUCTION 
 

Id proteins are involved in the regulation of molecular 
networks and other cellular processes such as cell growth, 

differentiation, senescence, apoptosis, angiogenesis and neoplastic 
transformation and tumourigenesis [1]. Literature also suggests 

that inappropriate entry of cells into S-phase is associated              
with apoptosis; hence these two cellular activities are  coordinately  
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regulated [2,3]. There is evidence that many genes have products 

that regulate cell cycle progression and also play a pivotal role in 
the modulation of apoptosis [3]. However, recent investigations 

have demonstrated that dual regulators of proliferation and 
apoptosis promote these processes by a separate mechanism [3]. 

To support this, reports also implicate p53, the tumor suppressor 
protein, which can induce growth arrest as well as apoptosis are 

genetically separable [4].  
The above findings imply that whilst regulators of cell 

death and growth pathways are shared and coordinated, their 
functional activities in these pathways are distinct [5].  Of recent, 

much emphasis has been laid on the pro-apoptotic properties of Id 
proteins and several reports support the pro-apoptotic 

characteristics of Id proteins. Tumor tissues compared with 
normal intestinal mucosa showed high levels of Id1, Id2 and Id3 

proteins [6].  

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Recent evidence suggests that Id1 and Id3 play pivotal 

roles in regulating developmental and postnatal angiogenesis [7]. 

Id proteins play a role in the regulating of cell growth and 

differentiation when over-expressed and have also been implicated 

to induce malignant transformation [6]. It has been observed that 

enforced expression of Id genes in vivo could also induce 

apoptosis. Over-expression of Id1 in dense mammalian cell 

cultures shows a pro-apoptotic response [8]. Also, it has been 

revealed that Id3 expression induces apoptosis in astrocyte-derived 

cell line [9] whereas over-expression of Id1 induces apoptosis in 

neonatal and adult cardiac myocytes through a redox-independent 

mechanism [10]. 1d2 is involved in apoptosis in a pathway that is 

different from what has been identified with the other Id family of 

proteins [11]. Evidence available shows that Cyclin A- and Cyclin 

E-dependent CDK2 phosphorylation of the Id2 and Id3 proteins at 

a conserved serine residue at position 5 regulates the ability of 

these proteins to antagonize bHLH-dependent gene expression 

[12].  

Given the above roles that Id proteins play in inducing 

apoptosis, the findings have raised the hopes that Id proteins could 

be a target for cancer therapy since it is evident that these proteins 

play significant roles in inducing malignant transformation when 

ectopically expressed.  

Hence, this work aimed at investigating the pro-apoptotic 

functions of Id proteins and their loss-or gain-of function mutants 

to delimit the functional domains that are essential for apoptosis in 

an in vitro model using human epithelial colon carcinoma cell line 

(HCT116). This objective was achieved by over-expressing 

plasmids encoding Id1, Id2, Id3 and Id4 proteins in HCT116.  

 

2.MATERIALS AND METHODS 
 

2.1 Adherent cell culture  

The Human epithelial colon carcinoma cell line 

(HCT116) (American Type Culture Collection, USA) was cultured 

as described previously [13].  

 

2.2 Transfection of adherent cells  

8×10
4
/well of HCT116 Cells were plated the day before 

transfection in a 24-well plate. The following day prior to 

preparation of transfection mix, the old medium on cells was 

carefully removed and 0.5 ml of fresh serum-containing medium 

(without antibiotics) was added onto the cells. The plate was then 

returned into the incubator.  

In one tube, 1 μg of either control vector (pcDNA3) or 

Id1, Id2, Id3 Id4, Id mutants and aHLH (gene regulation 

laboratory, University of Essex, England) was added to 25 μl 

Hepes Buffered Saline (HBS) (Synovolux Therapeutics, 

Groningen, Netherlands) solution and mixed gently. The DNA-

HBS mixture was allowed to incubate at room temperature for 5 

min. In a separate tube, 4 μl of Saint 18 reagent (Synovolux 

Therapeutics, Groningen, Netherlands) was added to 25 μl HBS. 

The DNA/HBS solution was then added to the Saint 18/HBS 

solution and mixed gently. The mixture was allowed to incubate 

for 15 min at room temperature. The whole transfection mixture 

was added drop-wise and evenly onto the cells. The plate was 

returned into the incubator. After 3.5 hr of transfection, the growth 

medium on cells was carefully removed and replaced with 0.5 ml 

of fresh complete medium.  

The cells were again returned into the %5 CO2 incubator 

at 37 ºC. In 12-well plates, the volumes of transfection reagent and 

plasmid DNA were scaled-up by a factor of 2 (thus 2 μg of 

plasmid DNA, 50μl of HBS, 8μl of Saint 18 reagent and the 

medium on cells was 1 ml). 

 

2.3 Cell proliferation assay  

Cell proliferation assay with MTT (3-(4, 5-

Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay 

(Sigma-Aldrich, USA) was performed to evaluate the proliferative 

activity of HCT116 cells. Using a 24-well plate, 25 μl of the MTT 

working stock (10 mg/ml) was added directly and evenly onto 

cells cultured in 0.5 ml of complete growth medium. The 

methodology followed is elaborated in earlier study [13]. 

 

2.4 Cell cycle assay  

Cell cycle profiling using Hoechst dye stain and EdU (5-

ethynyl-2-deoxyuridine) (“Click-It EdU”, Invitrogen, USA) was 

used to evaluate cell cycle parameters of HCT116. The DNA 

contented analysis was performed as outlined previously [13]. 

Data from the flow cytometer were analyzed using Windows 

Multiple Document Interface Software version 2.9. Sub-

populations of cells were gated and quantified from the profiles 

generated. 

 

2.5 Cell death analysis  

Apoptotic, necrotic and viable populations of HCT116 

cells were determined by DiOC6 (3, 3’-dihexyloxacarbocyanine 

iodide) (Invitrogen, USA) counter-stained with PI as previously 

described [13].
  

Data from the flow cytometer were also analyzed using 

Windows Multiple Document Interface Software version 2.9. Sub-

populations of cells were gated and quantified from the density 

plots generated. 

 

2.6 SDS-PAGE protein electrophoresis, western blot and 

statistical analyses 

HCT116 cell lysates were prepared for SDS-PAGE 

analysis followed by a West blot as described previously [13]. 

Data obtained were statistically analyzed using online available 

tool (http://faculty.vassar.edu/lowry/VassarStats.html). The 

probability (P) values were then calculated for the significance of 

the difference between the test and control proportions. Also 

student t-test was used to compare the significance of the 

difference between controls and test samples. Differences were 

considered to be statistically significant at P < 0.05 (*), highly 

significant at P < 0.001 (**), very highly significant at P < 0.0001 

(***). 
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3. RESULTS 

 

3.1 Id2 and Id3 proteins affect cell viability in HCT116 cells 

 In 24-well plates, 2X10
4
 /well of HCT116 cells were 

propagated in quadruplets and transfected with pcDNA3, Id1, Id2, 

Id3 and Id4 using Saint 18 reagent. MTT assay was performed on 

the cells at 24 and 48 hr post-transfection. The absorbance values 

were then measured spectrophotometrically. The results showed a 

significant reduction in viable and proliferating HCT116 cells 

transfected with Id3 at both 24 and 48 hr post-transfection whilst 

the Id2  transfectants   significantly   enhanced   viability   (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, Id1 and Id4 did not show any significant viability effect 

after 24 hr and 48 hr of transfection.  

 

3.2 Id2 drives s-phase whilst Id3 arrests s-phase cells  

Following earlier results that implicate Id3 to reduce the 

viable populations of HCT116, it was again important to also 

investigate whether the reduction of proliferating cells by Id3 with 

MTT is also mediated through suppression of S-phase cells. Here, 

8X10
4
/well of HCT116 cells were  propagated in 12-well plates 

followed by transfecting with either control vector (pcDNA3) or 

Id1, Id2, Id3 and Id4. It was observed that over-expression of Id2 

 
Fig. 1A: Cell viability analysis of HCT116 cells with MTT assay showing relative viable cell numbers in Id1-4 transfectants at 24 and 48 hr post-transfection. 

Cells were transfected with either control vector (pcDNA3) or Id1, Id2, Id3 and Id4 using Saint 18 reagent. B: Western blot analysis showing endogenous and 

over-expressed levels of Id proteins (Id1-4). GAPDH was used as loading control. Means ± S.E.M of 3 separate experiments. 

 

 
Fig. 2: Cell cycle analysis showing gated G1, S-phase and G2/M populations of HCT116 transfected with either control vector (pcDNA3) or Id1, Id2, Id3 and 

Id4 proteins at 48 hr post-transfection using Saint 18 reagent. A: Cell cycle profiles generated for each transfection using Cell Profiler Analyst Software. B: Bar 

graph showing percentage S-phase populations. 
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drives S-phase whilst ectopic expression of Id3 suppresses S-phase 

in HCT116. However, Id1 and Id4 displayed an activity not 

different from control pcDNA3 (Fig. 2).  

 

3.3 Id3 induces apoptosis in HCT116 

It was necessary to investigate whether the reduction in 

viable HCT116 cells is also as a result of pro-apoptotic functions 

of Id3 proteins. HCT116 were over-expressed with either control 

vector pcDNA3 or Id1, Id2, Id3 and Id4. At 24 and 48 hr post-

transfections, the cells were incubated in DiOC6 stain and counter-

stained with Propidium Iodide (PI). Cells were processed through 

the flow and the apoptotic population for each transfection was 

evaluated. Comparing the Id constructs and the negative control 

pcDNA3, the results showed significant induction of apoptosis by 

Id3 (flow data not shown), suggesting that Id3 is pro-apoptotic. 

However, Id1, Id2 and Id4 transfectants were not different from 

the control (Fig. 3). 

 

 
Fig. 3: Percentage apoptotic populations in HCT116 cells at 24 and 48 hr post-

transfection. Cells were transfected with negative control vector (pcDNA3) or 

Id2, Id2, Id3 and Id4 using Saint 18 reagent and Stained with DiOC6 dye. Cells 

were counter-stained with PI at 2.5mg/ml on ice and processed through the 

flow. Means ± S.E.M of 3 separate independent experiments. 

 

3.4 Id3 Asp5 is pro-apoptotic and gain-of-function mutant 

whilst Id3 Ala5, Id3 HB and Id3 NLS are loss-of-function 

mutants in HCT116  

To investigate the effects of loss-or gain-of-function 

mutations of Id3 protein in HCT116 cells, selective variants of Id3 

protein in which loss-or gain-of function mutations have been 

introduced were assessed for their pro-apoptotic functions. Here, 

Id3 (wt), Id3 Ala5, Id3 Asp5, Id3 HB and Id3 NLS mutants  were 

transfected using Saint 18 reagent in 2×10
4
/well of HCT116 cells. 

MTT assay was performed on the cells at 24 and 48 hr post-

transfection. Id3 (wt) and Id3 Asp5 mutant significantly reduced 

the number of viable HCT116 cells. On the other hand, Id3 Ala5, 

Id3 HB and Id3 NLS rather enhance cell viability. Hence Id3 Asp5 

acts as gain-of-function mutant whilst Id3 Ala5, Id3 HB and Id3 

NLS are loss-of-function mutants at both 24 and 48 hr post-

transfection in HCT116 (Fig. 4). Western blot analysis illustrating 

expression levels of endogenous Id3 and transient transfection of 

Id3 wt and its mutants in are also shown in figure 4. The western 

blot analysis shows that transient transfection of Id3 wt and its 

mutants resulted in the over-expression of these proteins in 

HCT116. 

 

 
Fig. 4: Cell viability analysis of HCT116 with MTT assay showing relative 

viable cell numbers transfected with either control vector (pcDNA3) or Id3 

(wt), Id3 Ala5, Id3 Asp5, Id3 HB and Id3 NLS using Saint 18 reagent after 24 

and 48 hr A: Bar graph showing corresponding absorbance values when cells 

were incubated in MTT assay for two hr and solublized in DMSO after 24 and 

48 hr of transfection (with Id3 wt and mutants). B: Western blot analysis 

showing relative expression levels of endogenous Id3 wt and over-expressed 

levels compared to its mutants (Id3 Ala5, Id3 Asp5, Id3 HB and Id3 NLS). 

GAPDH was used as loading control. Mean absorbance ± S.E.M of 4 

separate/independent samples respectively for each transfection. 

 

3.5 Id2 Asp5 is pro-apoptotic and a loss-of-function mutant 

whilst Id2 Ala5 and Id2 HB Function as gain-of-function 

mutants in HCT116 

Next was to investigate the pro-apoptotic functions of Id2 

wt and its mutants as described previously. The Id constructs 

transfected here were Id2 (wt), Id2 Ala5, Id2 Asp5, and Id2 HB, 

all compared to negative control pcDNA3 at 24 and 48 hr post-

transfection. The results revealed that Id2 Asp5 significantly 

reduces population of viable HCT116. The results also show that 

Id2 wt, Id2 Ala5 and Id3 HB enhanced the viability of HCT116. 

Hence Id2 Asp5 is pro-apoptotic and a loss-of-function mutant 

whilst Id2 Ala5 and Id2 HB behave as gain-of-function mutants. 

Western blot analysis illustrating expression levels of endogenous 

Id2 and transient transfection of Id2 wt and its mutants in are 

shown (Fig. 5).  

To investigate whether the reduction in number of viable 

cells shown by Id3 wt, Id3 Asp5, Id2 Asp5 as shown with MTT in 

HCT116 (Fig. 4 and 5) is due to induction of apoptosis, an 

independent cell death marker (DiOC6) was used to evaluate the 

populations of apoptotic and necrotic cells at 24 and 48 hr post-

transfection. In this approach, 8X10
4
/well of HCT116 cells were 

seeded in 12-well plates and over-expressed with either pcDNA3 

or Id2 wt, Id2 Asp5, Id3 wt, Id3 Asp5.Comparing the Id constructs 

with the negative control pcDNA3, the results showed significant 

induction of apoptosis with Id2 Asp5, Id3 wt, Id3 and Id3 Asp5 

transfectants at both 24 and 48 hr post-transfection (Fig. 6). The 

above results confirm earlier observations of the ability of Id3 wt, 
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Id3 Asp5 and Id2 Asp5 in reducing viable populations of HCT116 

cells using MTT (Fig. 4 and 5). Hence Id3 wt, Id3 Asp5 and Id2 

Asp5 are apoptotic and therefore Id3 Asp5 is a gain-of-function 

mutant whilst Id2 Asp5 is a loss-of-function mutant.  

 

 
Fig. 5: Cell viability analysis of HCT116 with MTT assay showing relative 

viable cell numbers transfected with either control vector (pcDNA3) or Id2 

(wt), Id2 Ala5, Id2 Asp5 and Id2 HB using Saint 18 reagent at 24 and 48 hr 

post-transfection. A: Bar graph showing corresponding absorbance values 

when cells were incubated in MTT assay for two hours and solublised in 

DMSO after 24 and 48 hr of transfection (with Id2 wt and mutants). B: 

Western blot analysis showing relative expression levels of endogenous Id2 wt 

and over-expressed levels compared to its mutants (Id2 Ala5, Id2 Asp5 and Id2 

HB). GAPDH was used as loading control. Mean absorbance ± S.E.M of 4 

separate/independent samples respectively for each transfection. 

 

4. DISCUSSION 
 

This work investigated the ability of Id proteins and its 

mutants in inducing apoptosis and their involvement in cell cycle 

progression in human epithelial colon carcinoma cell line 

(HCT116). Using MTT assay, over-expression of Id1-4 showed 

significant reduction in viability with Id3 transfectants whilst Id1, 

Id2 and Id4 showed protective effect (Fig. 1). Cell cycle analysis 

following Id3 over-expression resulted in S-phase arrest (Fig. 2), 

hence the reduction in viability by ectopic expression of Id3 in 

HCT116 is mediated through S-phase arrest. However Id2 drove 

S-phase cells (Fig. 2). Ectopic expression of Id3 in pre-B cells 

resulted in loss of cells from the S-phase of the cell cycle. Hence 

Id3 inhibits expression of multiple genes involved in varied 

aspects of B lymphocyte proliferation and induces growth arrest in 

B lineage cells [14]. 

Over-expression of Id3 also resulted in marked cell 

death, hence reduced viability as observed with MTT is also 

mediated through apoptosis (Fig. 3). Over expression of Id3 

protein in B lymphocyte progenitor cells induced apoptosis [14]. 

Conversely, recent data on primary Human Vein Umbilical 

Endothelial Cells show that over-expression of Id3, but not Id1 can 

protect HUVECs from apoptosis [15]. Apoptosis induction by Id 

proteins has been found to be complex in different variety of cell 

types [16]. However, Id proteins have been shown to have anti-

apoptotic activity [17] as observed with Id2 in this study. 

Inappropriate entry of cells into S-phase is associated with 

apoptosis; hence these two cellular activities are coordinately 

regulated [2,3]. There is evidence that many genes have products 

that regulate cell cycle progression and also play a pivotal role in 

the modulation of apoptosis. Recent investigations have 

demonstrated that dual regulators of proliferation and apoptosis 

promote these processes by a separate mechanism [3]. To support 

this argument, several reports also implicate p53, the tumor 

suppressor protein, which can induce growth arrest as well as 

apoptosis to be genetically separable [4]. The above findings imply 

that whilst regulators of cell death and growth pathways are shared 

and coordinated, their functional activities in these pathways are 

distinct [5].  

The biochemical and genetic analysis of mammals show 

that Id proteins function basically through antagonism of the 

bHLH transcription factors [11], and the changes that occur in the 

equilibrium of heterodimeric interactions between the Id proteins 

and the bHLH counterparts causes changes in cell determination 

and function [18]. The above results suggest that Id3 may weakly 

associate with its bHLH counterpart and therefore ineffectively 

forms Id-bHLH heterodimers. Hence it is not able to efficiently 

antagonize the functions of the bHLH proteins thereby abrogating 

its pro-growth properties leading to widespread cell death and 

growth arrest in tumourigenic epithelial colon cancer cell 

(HCT116).  

Id3 expression induces apoptosis in astrocyte-derived cell 

line [9]. It has also been shown that Id3-overexpression in primary 

rat embryo fibroblasts (REF) cell lines alone or with the anti-

apoptotic Bcl2 and BclXL oncogenes induced apoptosis and this 

observation suggests that Id3 in isolation might induce cell death 

[19]. Id family of proteins has been generally shown to promote 

apoptosis in a variety of conditions [1].  Pro-apoptotic properties 

on loss-or gain-of-function of Id2 and Id3 in human epithelial 

colon carcinoma cell line (HCT116) were investigated. The results 

showed that transient expression of Id3 wt and Id3 Asp5 reduced 

the number of viable cells (Fig. 4) and induced apoptosis (Fig. 6), 

hence Id3 Asp5 may be pro-apoptotic, suggesting that Id3 Asp5 

may be a gain-of-function mutant. However Id3 Ala5, Id3 HB and 

Id3 NLS neither increased the population of viable cells nor induce 

apoptosis; hence may act as loss-of-function mutants (Figure 4). 

Protein phosphorylation is a post-translational modification 

mechanism, which either inhibits or promotes the activity of a 

protein. It can also change the function or localization of a protein. 

Evidence available suggests that Id proteins are localized in the 

cytoplasm rather than the nucleus in a variety of cells such as 

hemopoietic [20], neural [21], muscle [22], and renal cells [23]. 

These findings therefore suggest that translocation between the 

nucleus and the cytoplasm (nucleocytoplasmic shuttling) may be 

involved in the functional regulation of Id proteins. It has also 

been observed that nucleocytoplasmic shutting is mediated by the 

nuclear pore complex in which the importin and CRM1/exportin 

family promote nuclear import and export by binding cargo 

through the recognition of nuclear import (NLS) and export 

sequences (NES) [24].  
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As Id2, Id3 and Id4 are substrates for the CDK2-

dependent phosphorylation of the conserved serine 5 residue 

during later G1/early S phase [12,25], there is alteration in the 

bHLH dimerization specificity of Id2 and Id3 proteins. This is 

important for cell cycle progression since mutants of Id2 and Id3 

without CDK2 phosphorylation show S-phase arrest and cell    

death [25]. It has been shown  that unphosphorylated  form  of  Id3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(normally present throughout early G1) but not the phosphorylated 

form (persisting from late G1 throughout S phase of the cell cycle) 

drives apoptosis [19]. Again, prevention of CDK2-dependent 

phosphorylation of transfected Id3 by using the Id3 Ala5 mutant 

significantly enhanced both cell cycling and apoptotic responses in 

primary rat embryo (REF) cells [19]. By comparing phospho-

mimicking Id3 mutant (Id3 Asp5), phospho-ablated mutant (Id3 

 
Fig. 6: Dead cell populations of HCT116 cells at 24 and 48 hr post-transfection. A: Bar graph showing percentage apoptotic and necrotic cells 
transfected with negative control vector (pcDNA3) or Id2 wt, Id2 Asp5, Id3 wt and Id3 Asp5 using Saint 18 reagent and Stained with DiOC6 
dye. Cells were counter-stained with PI at 2.5mg/ml on ice. Means ± S.E.M of 3 separate independent experiments. Flow cytometric analysis 
showing gated apoptotic and necrotic populations of HCT116 cells at 24 hr (B) and 48 hr (C) post-transfections transfected with either control 

vector (pcDNA3) or Id2 wt, Id2 Asp5, Id3 wt and Id3 Asp5. 
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Ala5) and Id3 (wt), Id3 Asp5 mutant suppresses S-phase cells 

whereas Id3 Ala5 mutant drives S-phase cells but associated with 

cell death in primary rat embryo fibroblasts [25].  With the Id2 

constructs, Id2 Asp5 showed a pro-apoptotic function, hence 

behaves as a loss-of-function mutant whilst Id2 Ala5 and Id2 HB 

are gain-of-function mutants in HCT116  as shown by MTT (Fig. 

5) and independent cell death marker DiOC6 (Fig. 6). Conversely, 

it has been reported that phosphor-ablated Id2 (Id2 Ala5) is growth 

suppressive and pro-apoptotic in proliferating myoblasts [26]. 

Evidence available shows that Cyclin A- and Cyclin E-dependent 

CDK2 phosphorylation of Id2 and Id3 proteins at a conserved 

serine residue at position 5 regulates the ability of these proteins to 

antagonize bHLH-dependent gene expression [12]. It has also been 

shown that phospho-ablated Id2 Ala5 mutant where serine at 

position 5 is mutated to an Alanine is growth inhibitory in 

fibroblasts, smooth muscle cells and osteosarcoma cell lines 

[12,22]. Literature available also suggest that Id2-induced 

apoptosis is promoted through a mechanism different from what is 

used by other Id proteins. Studies also reveal that Id2-induced 

apoptosis is independent of HLH mediated dimerization and 

therefore independent on association with bHLH proteins [11]. 

Id2-induced apoptosis therefore is centered on the N-terminal 

region of the protein and it is characterised by an enhanced 

expression of the pro-apoptotic BAX protein [5]. Enforced 

expression of the Id2 HB mutant in the HCT116 cells showed no 

difference in viability effect when compared with the wild-type 

Id2. In the Id2 HB mutant (Helix Breaker), there is disruption of 

the HLH dimerization domain and this may explain why it behaves 

as a gain-of-function mutant when ectopically expressed. This 

observation can also be explained as the Id2 HB mutant is 

characterised by a drastically reduced ability to form stable 

heterodimers with bHLH proteins [27]. The results show that the 

phosphorylation characteristics of both Id3 and Id2 on growth and 

survival may be cell-type specific.  

The western blot analysis shows that Id1, Id2 and Id3 

proteins are expressed in HCT116 cells as evident by their 

endogenous levels. Transient transfection with Id1, Id2, Id3 and 

Id4 resulted in the over-expression of these proteins when 

compared with their endogenous levels. Hence the effect of 

functional analyses of Id1, Id2, Id3 and Id4 in modulating 

apoptosis and cell cycle is influenced by the over-expression of 

these proteins. Regarding Id2 and Id3 wild-types and their 

respective mutants in terms of functional effects, the western blot 

analysis shows that the expression levels of the respective 

constructs are approximately equivalent. This observation suggests 

that differences in functional analysis in cross-comparing the 

mutants may not be attributed to differences in expression levels 

but as a result of an increase in their expression when compared to 

the endogenous levels of their respective wild-types.  

 

5. CONCLUSION 
 

The results from this study suggest that Id3 protein is 

pro-apoptotic in colorectal cancer cell lines (HCT116). However, 

recent data on primary Human Vein Umbilical Endothelial Cells 

show that over-expression of Id3, but not Id1 can protect HUVECs 

from apoptosis [15]. Hence Id3-induced apoptosis is shared in 

common with epithelial lineages but does not exhibit any pro-

apoptotic effect in cells of endothelial lineage. On cell 

proliferation, over-expression of Id3 resulted in growth arrest in 

HCT116. Loss-or gain-of-function mutants of Id2 and Id3 play 

essential roles in modulating cell growth and survival. With the 

Id2 mutants, Id2 Asp5 was only observed to be pro-apoptotic 

whilst Id2 Ala5 and Id2 HB are gain-of-function mutants. These 

findings suggest that Id2 Asp5 may be loss-of-function mutant in 

HCT116 lines. In another development, the Aspartate mutant of 

Id3 (Id3 Asp5) was observed to be pro-apoptotic. However Id3 

Ala5 and Id3 HB showed an anti-apoptotic effect, hence Id3 Asp5 

may be a gain-of-function mutant whilst Id3 Ala5 and Id3 HB and 

Id3NLS may be described as loss-of-function mutants in HCT116. 

These results may suggest that Id2 and Id3 may play essential 

roles in modulating human epithelial colon carcinoma growth and 

survival and could provide some hope for therapeutic opportunities 

in the treatment of colonic cancers. 
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