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Abstract

The nature of several of the genetic mutations in Inflammatory bowel disease (IBD) indicate that compounds that might be expect-
ed to have an anti-inflammatory effect might be altered due to some mutational impacts. Also, there is an increasing trend towards 
the use of complementary and alternative therapies by IBD patients, especially in pediatric cohorts, and many of these therapies 
contain phytochemicals and nutraceuticals. A reduction in colonic inflammation, whether through the use of a conventional pharma-
ceutical or a nutraceutical, and the differential impacts due to key mutations will help in understanding the therapeutic potential of 
drugs and phytochemicals in aiding IBD subjects with and without vital mutations. Therefore, we have utilized an in vitro screening 
assay that considers an anti-inflammatory response of the chemicals towards a pair of mammalian cell lines, one of which is function-
al in a key genetic region associated with IBD susceptibility and one of which carries the genetic variant. A representative range of 
pharmaceuticals and phytochemicals has been selected for comparative study. Results from this study indicated the effects of NOD2 
mutation G908R in altering the impacts of some drugs and phytochemicals in vitro. The effects of drugs Cyclosporin A, Methotrexate 
and phytochemicals Arctigenin, Glabridin, AKBA, Ellagic acid and Z-Guggulsterone were differentiated due to the NOD2-G908R muta-
tion in this in vitro analysis, while effects of other phytochemicals Triptolide, PEITC, Curcumin, Epigallocatechin-3-gallate and drugs 
prednisolone and Mesalamine were not significantly altered due to the NOD2-G908R mutation in this in vitro study.
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NOD2 (nucleotide binding oligomerization domain 2) is a con-
stituent of the NLR (NOD, leucine-rich repeat (LRR) containing 
protein) family, which are sensors of intracellular pathogen/mi-
crobe associated molecular patterns. It is a vital pattern recogni-
tion receptor that recognizes the bacterial cell wall peptidoglycan, 
muramyl dipeptide (MDP) and plays a crucial role in regulating in-
nate immune responses [1-7]. For this reason NOD2-G908R, which 
is one of the NOD2-LRR region mutations with an impaired NOD2 
signaling activity [8] is of considerable interest as genetic polymor-
phisms affecting the CARD15 gene on chromosome 16, that codes 
for the NOD2 protein are known to pose a significant risk for the 
development of Inflammatory bowel diseases (IBD), especially 
Crohn’s disease (CD) [9-12]. For instance, studies have shown a 
17.1 fold increased risk for the development of the disease in in-
dividuals with homozygous CARD15 gene polymorphisms and a 
2.4 fold increased risk in heterozygous carriers [9]. The vital role 
of NOD2 in regulating host defense mechanism in intracellular in-
fections and modulation of the microflora of the gastrointestinal 
tract, explains the influence of NOD2 polymorphisms on CD risk 

Introduction

In addition, many Inflammatory bowel disease (IBD) patients 
with the diseases exploit complementary and alternative therapies 
(CAM), often without consultation with health professionals. It is 
unclear as to whether these could augment, antagonise or even re-
place conventional therapies. For this reason, certain phytochemi-
cals that have been associated with CAM and drug development 
in IBD are evaluated in this study beside the conventionally used 
drugs in IBD management.

[3,11,13]. Also, NOD2 gene variants are known to cause increased 
disease activity and stricturing lesions in the intestines [14], eval-
uating drugs and phytochemicals that could modulate pathways 
involved in intestinal inflammation instead of having a systemic 
action, could have enhanced therapeutic benefits for IBD as target-
ing pathways responsible for NF-κB signaling has been found to be 
beneficial to reduce inflammation and help re-establish intestinal 
homeostasis [15]. 

The aim of this study was to investigate the effects of both con-
ventional drugs and a range of phytochemicals on cell lines with 
different pattern recognition receptors (PRRs) to analyze the ac-
tivity of these chemicals, and consider whether these effects still 
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The compounds Methotrexate, Mesalamine, Prednisolone and 
Cyclosporin A, Glabridin, (−)-Epigallocatechin gallate, (Z)-Gug-
gulsterone, Phenethyl isothiocyanate, Curcumin and Ellagic acid 
and Triptolide were purchased from Sigma Aldrich. Arctigenin and 
Acetyl-11-keto-β-Boswellic Acid was purchased from Santa cruz 
biotechnology and Merck Millipore respectively. Hypericin was 
purchased from Tocris.

HEK293T cells over expressing NOD2 wildtype (WT) and 
NOD2-G908R mutant genes were created in our lab for studying 
the genotype specific effects [16]. The HEK293T cells were seeded 
and grown devoid of antibiotics in 100mm tissue culture plates (BD 
biosciences, USA). The transfection of the cells was done by Lipo-
fectamine 2000 (Invitrogen, NZ) with pSV-β-Galactosidase vector 
(2µg) (transfection control) (Promega, USA), pNifty2-SEAP vec-
tor (2 µg) (NF-kB reporter) and 12 ng of pUNO-hNOD2a to form 
the NOD2 wild-type cell line, or pUNO-hNOD2a G908R to form 
the NOD2-G908R mutant cell line. The cell lines were maintained 
and sub-cultured in complete DMEM (10% FCS + 1% Pen/Strep) 
supplemented with blasticidin (330µl in 550ml media) and zeocin 
(550µl in 550ml media). The cells were seeded at 4 x 105 cells/ml 
into 96 well plates, grown for 24 hours and then treated with each 
of the drugs over a 5 fold dilution range. After 24hr incubation with 
the drugs, the cells in the 96 well plate were stimulated alterna-
tively by the addition of MDP (final concentration 10 µg/µl) or an 
equivalent volume of DMEM media for a non MDP interaction. After 
a 16 hour incubation, 30µl of cell supernatant was transferred to 
fresh 96-well plates containing 150 µl of QUANTI-Blue™, reagent 
(Invivogen, USA) for the detection of secreted embryonic alkaline 
phosphatase (SEAP) production and 15 µl of WST-1 reagent (Roche 

The NF-κB activity score obtained as above at each viable 
concentration was tested for significance of the P value against 
untreated cells or cells at zero concentration of the drug or nu-
traceutical, and graphically illustrated using the Graphpad PRISM 
program, with p values of significance represented as *p < 0.05, **p 
< 0.01, ***p < 0.001, ****p < 0.0001.

Results

The effects of Cyclosporin A, Prednisolone, Methotrexate and 
Mesalamine were tested on HEK293 cells over expressing NOD2 
wild type and NOD2-G908R mutant genes to investigate any dif-
ferential impacts due to the mutation at 5 different concentrations 
of each drug, with the highest concentration causing cell viabilities 
of at least 50%. The impacts of the drugs on the NOD2 wild type 
and mutant genes were analyzed in the presence and absence of its 
stimulant MDP for any anti-inflammatory effects. 

occur in the presence of a key NOD2 variant. The methodology of 
this study is similar to that established by Philpott et al in a pre-
vious study [16]. HEK293T cells transfected with NOD2 (WT and 
G908R), TLR2, or TLR4 and a SEAP reporter were employed to 
identify these effects.

Materials and Methods
Chemicals 

HEK-NOD2-WT and HEK-NOD2-G908R modulations 

The NF-κB activity score at each concentration was calculated 
by normalizing the quanti blue score of the solvent control from 
the quanti blue score of the drugs or nutraceuticals at each con-
centration:

NF-κB activity score = Solvent control QB score − Drug QB score 
(Equation 2)

Comparative analysis of IBD therapeutics in modulating NOD2 
wildtype and NOD2-G908R mutant activity in vitro 

NOD2-Wild type NOD2-G908R

Drug CONC. NF-κB activity score 
 (Mean +/- SE)

Survival % 
(Mean +/- SE) CONC. NF-κB activity score  

(Mean +/- SE)
Survival % 

(Mean +/- SE)
Cyclosporin A (n = 3) 4 µM 0.50+/-0.02 71.7+/-1.10 8 µM 0.33+/-0.05 81.5+/- 4.12
Prednisolone (n = 3) 150 µM 1.08+/- 0.07 76.5+/-5.49 150 µM 1.18+/- 0.19 75.3+/- 4.61
Methotrexate (n = 3) 18.8 nM 0.58+/-0.07 64.22+/4.69 25 nM 0.71+/-0.06 75.38+/-5.64
Mesalamine (n = 3) 3 mM 0.99+/-0.19 79.01+/-11.27 3 mM 1.55+/-0.09 77.68+/-1.63
Control: Ibuprofen (n = 4) 1.07 mM 0.30+/-0.008 68.09+/-2.71 1.07 mM 0.58+/-0.04 69.55+/-1.86

The effects on cell proliferation of the drug or nutraceutical at 
each concentration in each cell line used is calculated by the per-
centage of cell survival in comparison to the survival of the respec-
tive untreated cells:

Survival % = 

 Statistical analysis

Treated Cells

Untreated  Cells
×100            (Equation 1)

Applied Science, Germany) added to the wells of the original 96-
well plate to assess cell proliferation. QUANTI-Blue™ plate absor-
bencies were read at 635 nm, and the WST-1 plates were read at 
450 nm in a spectrophotometer (Thermo Electron, USA).

Table 1: Drug concentrations at which cell proliferation was closer to ~70% in HEK cells overexpressing NOD2 or NOD2-G908R mutant.
CONC: concentration was expressed as nanomol/L (nM), micromol/L (μM), or millimol/L (mM).
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The inhibition of the NF-κB activity by Prednisolone in the HEK-
NOD2 cell lines in vitro in this study occurred only at its highest 
concentration, however, due to the lower ~50% cell survival rate 
observed at ~400 µM, this activity is uncertain. Despite causing al-
most equal survival rates of ~50% in the wildtype and mutant cell 
lines at the highest concentration of ~400 µM used in this study, 
the inhibition of the NF-κB activity in NOD2 wild type cells was 
observed to be significantly greater in comparison to the NOD2-
G908R mutant cells at this highest concentration point in the pres-
ence of MDP stimulation. 

Cyclosporin A was observed to cause significant supression of 
the NF-κB activity in this study. The wild type cell lines show an 
overall higher sensitivity to the action of Cyclosporin A than the 
NOD2-G908R mutant cell lines at all concentrations in the absence 
of MDP stimulation. With the inducement of MDP-stimulated in-
flammatory effect, the NF-κB supressing impacts of Cyclosporin A 
is seen to be reduced. However, the NOD2 wild type cells responded 
better to Cyclosporin A than the NOD2-G908R mutant cells as seen 
in figure 1. 

Methotrexate

Methotrexate was observed to strongly inhibit the NF-κB activ-
ity in the HEK-NOD2 cell line in this study, showing a significant 
inhibitory effect at all concentrations in the wild type cells. The 
NF-κB inhibition is also seen to occur in the presence of the MDP 
stimulation at concentrations of methotrexate over ~25 nM in 
wildtype cells as seen in figure 2. However, the inhibition of the NF-
κB activity in the HEK-NOD2-G908R mutant cell lines was seen to 
be weaker than in the HEK-NOD2 wild type cell lines. Methotrexate 
was found to influence the cell proliferation differently in the HEK-
NOD2 wild type and HEK-NOD2-G908R mutant cell lines, however 
this difference is statistically insignificant in this study. 

Cyclosporin A 

Prednisolone

Mesalamine did not show any differentiial modulating effects 
on the NF-κB activity in the HEK-NOD2 wild type and HEK-G908R 
mutant cell lines, in the presence and absence of MDP stimulation. 
The cell proliferation of the HEK-NOD2 wild type and HEK-NOD2-
G908R mutant cells also remained unaffected in the presence 
of mesalamine in this study, as there was no significant viability 
changes.

Figure 1: Cyclosporin A in suppressing NF-κB activity in 
HEK-NOD2 wild type and HEK-NOD2-G908R cell lines in 

comparison to controls.
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001

Furthermore, Cyclosporin A is observed to influence the cell 
proliferation differently in the HEK-NOD2 wild type and HEK-
G908R mutant in vitro. The G908R mutant cells are seen to have 
a higher cell proliferation than the wildtype cells in the presence 
of cyclosporin A. A ~70% cell viability is seen at a concentration 
of ~4 µM in the wild type, while a similar effect on proliferation is 
observed at ~8 µM in the NOD2-G908R mutant cell lines. 

The cell viabilities increased with lower concentrations of pred-
nisolone, with a concentration of ~150 µM causing ~70% viability 
in the wild type and the mutant cell lines, However, Prednisolone 
did not cause any anti-inflammatory effect by NF-κB inhibition at 
decreased concentrations. These data indicate that the interaction 

of Prednisolone in the HEK-NOD2 cell lines could be reduced in 
vitro as it only occurs at the high concentrations, with negligible 
effects at lower doses. 

Figure 2: Methotrexate in suppressing NF-κB activity in 
HEK-NOD2 wild type and HEK-NOD2-G908R cell lines.

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001

Mesalamine

The effects of some phytochemicals are investigated in this 
phase of this study, to scrutinize their effect on the NF-κB activity 
in the HEK cells overexpressing NOD2 wild type, or NOD2-G908R 
mutant to evaluate any differential impacts of the phytochemicals 
due to the mutation in modulating the NF-κB activity.

Comparative analysis of phytochemicals used in IBD manage-
ment in modulating NF-κB activity in HEK-NOD2 wildtype and 
HEK-NOD2-G908R cell lines 

Glabridin was found to significantly suppress NF-κB activity in 
HEK-NOD2 wild type cells. The NF-κB suppression was observed 
to be significant above a concentration of ~25 µM in HEK-NOD2 
wild type cells. While the difference in the impacts of Glabridin 

Glabridin

Citation: Lynnette R Ferguson., et al. “Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro”. Acta  

Scientific Nutritional Health 2.4 (2018): 34-42.



37

Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro

AKBA significantly suppressed NF-κB activity in HEK-NOD2 
wild type and HEK-NOD2G908R mutant cells. The suppression in 
NF-κB activity by AKBA was observed to be more prominent in the 
wild type cells than the mutant cells, due to a lower concentration 
of AKBA required in wildtype cells in comparison to the mutant 
cells. P values for the comparison of treated cells versus untreated 
cells was found to become significant from concentrations of ~7.5 
µM in wild type cells and ~10 µM in mutant cells. In the presence of 
MDP stimulation the significance values were observed from ~10 
µM in wild type cells and 20 µM in mutant cells as seen in figure 4.

Curcumin

The NF-κB inhibition was equal in HEK-NOD2 wildtype and 
HEK-NOD2-G908R mutant cell lines. The P values of comparison 
between cell lines was observed to be significant over a concentra-
tion of ~12.5 µM in the wild type and mutant cell lines, however 
this is debatable due to a lower cell survival of ~60%. The differ-
ence of curcumin activity between wildtype and mutant cell lines 
was observed to be insignificant indicating the potential of cur-
cumin in having almost equal NF-κB inhibiting anti-inflammatory 
impact in the NOD2 wild type and NOD2G908R mutant cell lines in 
the absence of any stimulation. However, with the induction of an 
MDP stimulation, a somewhat significant NF-κB suppression was 
noticed at ~7.5 µM in wild type cell lines, while the NOD2-G908R 
mutant cell lines were not found to be influenced as seen in the 
figure 5. 

Acetyl-keto-β-Boswellic acid (AKBA) 

Z-Gluggulsterone was found to suppress NF-κB activity signifi-
cantly in wild type NOD2 cells at all concentrations in comparison 
to mutant cells. While the NF-κB suppression was substantial in 
both NOD2 wild type and NOD2-G908R mutant cell lines, the P val-
ues of significance in wildtype HEK-NOD2 cell lines was observed 
to be stronger as indicated in figure 6. However, with the induction 
of MDP stimulation, Z-Gluggulsterone was observed to have a sig-
nificant NF-κB suppression at a lower concentration of ~10 µM in 
the HEK-NOD2-G908R mutant cells and an insignificant but higher 
concentration of ~17 µM in HEK-NOD2 wild type cells, indicating a 
better NF-κB suppression in the mutant G908R cells in comparison 
to NOD2 wild type cells, as indicated in figure 6. 

Figure 3: Glabridin in suppressing NF-κB activity in HEK-
NOD2 wild type and HEK-NOD2G908R cell lines.

[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]

between the wild type and mutant cells is not statistically signifi-
cant at all the concentrations used here, the difference in effects 
of Glabridin was found to vary between the wildtype and mutant 
cell lines, with the mutant cells requiring higher concentrations of 
Glabridin in comparison to the wildtype cells to have similar effects 
of NF-κB suppression. Furthermore, the cell viability of HEK-NOD2-
G908R cells was found to be less effected by Glabridin in compari-
son to the NOD2 wild type cells. 
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Figure 4: AKBA in suppressing NF-κB activity in HEK-NOD2 
wild type and HEK-NOD2-G908R cell lines.

[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]

Figure 5: Curcumin in suppressing NF-κB activity in HEK-
NOD2 wild type and HEK-NOD2-G908R cell lines in the 

presence of the MDP ligand stimulation.
[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]
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Z-Gluggulsterone

Triptolide strongly suppressed NF-κB activity in HEK-NOD2 
wildtype and HEK-NOD2-G908R mutant cell lines in the presence 
and absence of MDP stimulation as shown in figure 7. Even though 

Triptolide
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PEITC inhibited NF-κB activity significantly over a concentration 
range of ~7.5 µM in HEK-NOD2 wild type and HEK-NOD2G908R 
mutant cell lines as shown in figure 8. Also, the effect of PEITC was 
also observed to be similar on NF-κB suppression in the NOD2 wild 
type and mutant cell lines after stimulated with MDP ligand, impli-
cating almost similar impacts in the NOD2 wild type and mutant 
cells. 

Curcumin

Phenethylisothiocyanate (PEITC)

The effect of Ellagic acid in the inhibition of NF-κB activity in 
the HEK-NOD2 wild type cells was observed to be more significant 
in comparison to its NF-κB inhibition in HEK-NOD2-G908R mutant 
cells in the absence and presence of MDP stimulation, as indicated 
in figure 10. 

Triptolide seemed to have a slightly stronger NF-κB suppression in 
wildtype cells, this difference was not statistically significant, indi-
cating its almost equivalent interaction in the HEK-NOD2 wild type 
and HEK-NOD2G908R mutant cells. 

Figure 6: Z-Gluggulsterone in suppressing NF-κB activity 
in HEK-NOD2 wild type and HEK-NOD2-G908R mutant 

cell lines with and without MDP stimulation. 
[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]

Figure 7: Triptolide in suppressing NF-κB activity in 
HEK-NOD2 wild type and HEK-NOD2-G908R mutant cell 

lines in the absence and presence of MDP stimulation.
[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001

Epigallocatechin gallate was found to inhibit NF-κB activity at 
similar concentrations in HEK-NOD2 and HEK-NOD2-G908R mu-
tant cell lines. However, the wild type cell lines showed stronger 
significance P values with epigallocatechin gallate treatment, as il-
lustrated in figure 9. 

Epigallocatechin gallate

Figure 8: PEITC in suppressing NF-κB activity in HEK-
NOD2 wild type and HEK-NOD2-G908R cell lines.

[*p < 0.05, **p < 0.01]
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Figure 9: Epigallocatechin gallate in suppressing NF-κB activ-
ity in HEK-NOD2 wild type and HEK-NOD2-G908R cell lines.

[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]

Ellagic acid

Figure 10: Ellagic acid in suppressing NF-κB activity in  
HEK-NOD2 wild type and HEK-NOD2-G908R cell.

[*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001]
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Clinical studies have shown that IBD patients with CARD15/
NOD2 gene variants have a greater disease activity than other 
patients, with early need for surgery and higher rates of surgical 
recurrence, who might require more intensive treatments to avoid 
complications. Frequent formation of stricturing lesions is a patho-
genic phenomenon observed in the disease progression course in 
patients with NOD2 gene variants [14,17]. 

Discussion and Conclusion Prednisolone had a negligible impact on the NOD2 cell lines in 
this study. As the NF-κB inhibition observed in this study was at 
the highest dose of Prednisolone used, NOD2 mutations could po-
tentially further impair the prednisolone effects due to its possible 
negligible interaction through the NOD2 pathway. This observa-
tion could be the possible cellular level factor attributing to the ste-
roid resistance reported in CD patients with NOD2 mutations [22].

Arctigenin suppressed NF-κB activity significantly at very low 
concentrations of 0.98 µM in HEK-NOD2 wildtype cells, in compari-
son to a significant higher ~20 µM in HEK-NOD2-G908R mutant 

Studies on the clinical response to treatments by the IBD gene 
variant patients in comparison to controls has been varied [18]. 
This study was carried out to scrutinize the effects of some com-
monly used drugs and phytochemicals in IBD therapies to investi-
gate for any differential impacts in modulating NF-κB activity in the 
HEK-NOD2 wild type and HEK-NOD2-G908R mutant cells in vitro, 
as NOD2-G908R is one of the variants known to cause increased 
susceptibility to both CD and UC [19]. 

Arctigenin

NOD2-Wild type NOD2-G908R

Phytochemical CONC. NF-κB activity score 
(Mean +/- SE)

Survival % 
(Mean +/- SE) CONC.

NF-κB activity 
score 

 (Mean +/- SE)

Survival % 
(Mean +/- SE)

Glabridin (n = 3) 25 µM 0.52 +/- 0.07 68.32 +/- 5.61 37.5 µM 0.67 +/- 0.13 70.66 +/- 4.34
AKBA (n = 3) 15 µM 0.52 +/- 0.007 78.03 +/- 6.10 20 µM 0.65 +/- 0.10 74.57 +/- 1.93

Curcumin (n = 3) 7.5 µM 0.70 +/- 0.03 91.01 +/- 2.02 7.5 µM 0.76 +/- 0.09 76.14 +/- 4.69
Z-Gluggulsterone (n 

= 3)
12.85 µM 0.46 +/- 0.03 74.73 +/- 9.43 17.15 µM 0.56 +/- 0.04 77.62 +/- 3.70

Triptolide (n = 3) 2.34 nM 0.44 +/- 0.05 71.75 +/- 3.47 2.34 nM 0.51 +/- 0.05 76.87 +/- 6.90
Phenethylisothiocya-
nate (PEITC) (n = 3)

7.5 µM 0.53 +/- 0.02 84.72 +/- 
10.22

7.5 µM 0.65 +/- 0.19 55.01 +/- 3.51

Epigallocatechin gal-
late (n = 3)

500 µM 0.24 +/- 0.01 Color interfer-
ence

500 µM 0.57 +/- 0.09 Color interfer-
ence

Ellagic Acid (n = 3) 450 µM 0.21 +/- 0.03 Color interfer-
ence

450 µM 0.56 +/- 0.08 Color interfer-
ence

Arctigenin (n = 3) 0.98 µM 0.41 +/- 0.02 71.58 +/- 7.74 20.0 µM 0.57 +/- 0.02 73.03 +/- 5.68
Control: Ibuprofen 

(n = 4)
1.07 mM 0.30 +/- 0.008 68.09 +/- 2.71 1.07 mM 0.58 +/- 0.04 69.55 +/- 1.86

cell lines as shown in table 2. Thus, there was a substantial differ-
ence in arctigenin concentrations needed to inhibit NF-κB activity 
in the NOD2 wildtype and NOD2-G908R cell lines. 

Table 2: Concentrations at which cell proliferation was closer to ~70% in HEK cells overexpressing NOD2 
wild type or NOD2-G908R mutant.

CONC: concentration was expressed as nanomol/L (nM), micromol/L (μM), or millimol/L (mM).

Evaluation of the in vitro impacts of the IBD drugs on NF-κB 
activity in the HEK-NOD2 and HEK-NOD2-G908R mutant cell 
lines

The drugs Cyclosporin A and Methotrexate, which are potent 
immune-modulators [20,21], inhibited NF-κB activity in both the 
NOD2 and NOD2-G908R mutant cell lines in this study. However, 
the impacts of Cyclosporin A and methotrexate was enhanced in 
the HEK-NOD2 wildtype cell line in comparison to the HEK-G908R 
mutant cell line, implicating the effect of the mutation in possibly 
altering drug activity in this in vitro study.

Clinically, Mesalamine is known to be anti-inflammatory at 
higher concentrations around inflamed tissues [23]. However, in 
this in vitro study, this drug did not have any significant effects on 
the HEK-NOD2 wild type and HEK-NOD2-G908R mutant cell lines, 
which might be attributed to negligible in vitro interactions of me-
salamine in this study.

As the studies on the gene specific impacts of phytochemicals 
for IBD have been limited, some phytochemicals identified to 
have therapeutic benefits for IBD are evaluated for any gene spe-
cific therapeutic features through the HEK-NOD2 and HEK-NOD2-
G908R mutant cell lines to investigate for any differential impacts. 
This study is an initiative to analyze if the therapeutic competence 
of phytochemicals in assisting patients with an IBD susceptible 
gene polymorphism could be detected through an in vitro research. 

Evaluating the in vitro impacts of Phytochemicals in the HEK-
NOD2 wild type and HEK-NOD2-G908R mutant cell lines

Citation: Lynnette R Ferguson., et al. “Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro”. Acta  

Scientific Nutritional Health 2.4 (2018): 34-42.



40

Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro

AKBA in this in vitro analysis, inhibited NF-κB activity, affirm-
ing its anti-inflammatory impacts reported in prior studies [26,27]. 
Nevertheless, AKBA showed to have an enhanced NF-κB sup-
pression in the HEK-NOD2 wild type cells, in comparison to HEK-
NOD2-G908R mutant cells, and this differential impact was also 
persistently seen with the induction of MDP stimulation. This ob-
servation implicates the G908R mutation in effecting the ability of 
AKBA in inhibiting NF-κB activity differently in the HEK-NOD2 wild 
type and the HEK-NOD2-G908R mutant cells. 

Epigallocatechin-3-gallate, which is known to be an anti-inflam-
matory agent, significantly suppressed NF-κB activity in this study, 
affirming its anti-inflammatory effects reported earlier [36,37]. 
Also, the action of epigallocatechin-3-gallate in vitro showed a non-
differential impact on the NOD2 wild type and NOD2-mutant cells, 
implicating almost equal therapeutic impacts unaltered by the 
presence of the NOD2–G908R mutation in this in vitro analysis. 

Glabridin, which is a polyphenolic flavonoid was known to 
have therapeutic benefits for IBD [24]. In this study, Glabridin sup-
pressed NF-κB activity, confirming its anti-inflammatory potential 
established in prior studies [24,25]. However, the results in this in 
vitro study demonstrate the NF-κB inhibiting anti-inflammatory 
impacts of Glabridin on the cells with the wildtype NOD2 to be 
greater than on the cells with the NOD2-G908R mutation. However, 
in the presence of MDP stimulation, the differential impacts of gla-
bridin were not observed between the HEK-NOD2 wild type and 
HEK-NOD2-G908R mutant cells implicating an equivalent effect. 
This might indicate that the intensity of the differential impacts of 
Glabridin in the wild type and mutant cells could be influenced by 
the environmental conditions and the MDP stimulation induced in 
the present study and could have altered the interaction or activity 
of Glabridin in both the NOD2 cell lines.

This study on the effects of Z-Guggulsterone (GS) confirms its 
anti-inflammatory effects reported in prior investigations by sup-
pressing the NF-κB activity [29]. While Z-Guggulsterone showed to 
have a stronger impact on the NOD2 wild type cells in compari-
son to the NOD2-G908R mutant cells, implicating the possible ef-
fect of the G908R mutation in reducing the therapeutic efficiency 
of Z-Guggulsterone, nevertheless, with MDP stimulation, Z-Gug-
gulsterone had a stronger NF-κB inhibition in the NOD2-G908R 
mutant cells in comparison to the NOD2-wild type cells. 

Triptolide, which is a potent anti-inflammatory phytochemical 
inhibited NF-κB activity through the NOD2 pathway in this study 
affirming its anti-inflammatory properties reported in earlier stud-
ies [30]. In the present study, triptolide had similar impacts on 
NOD2 wild type cells and the NOD2-G908R mutant cells, in all the 
conditions used, implicating the therapeutic potential of triptolide 
to be unaffected by the NOD2-G908R mutation. These results indi-
cate the ability of triptolide in suppressing NF-κB activity is strong 

The influence of the phytochemical Ellagic acid on the NOD2 
wild type cells and NOD2-G908R mutant cells in this in vitro study 
were almost similar to AKBA indicating an enhanced inhibition of 
NF-κB activity in NOD2 wild type cells in comparison to the NOD2-
G908R mutant cells. While the inhibition of NF-κB activity in this 
study by ellagic acid was an affirmation of its anti-inflammatory 
potential reported in earlier studies [28], the results of present 
study could suggest that the NF-κB inhibiting therapeutic potential 
of ellagic acid could be reduced in the presence of NOD2-G908R 
mutation, or the altered inflammatory activity caused due to this 
NOD2 mutation could impair the therapeutic benefits of ellagic acid 
in vitro.

to challenge the altered inflammatory activity caused in the NOD2-
G908R mutant cells in vitro. 

PEITC has been reported to be a phytochemical with anti-
inflammatory effects [31]. As the effects of PEITC in this in vitro 
study showed to be almost equal in impacting the NOD2 wild type 
cells and NOD2-G908R cells in vitro, present data may suggest the 
possibility of the NOD2-G908R mutation in having no consider-
able impact on altering the NF-κB inhibiting therapeutic potential 
of PEITC. 

Curcumin with its potent anti-inflammatory effects in numer-
ous studies [32-35], evaluated in this study was found to have 
equal impacts on the NOD2 wild type and NOD2-G908R mutant 
cells. Although, with the in vitro stimulation of MDP inflammation, 
curcumin showed a slightly higher anti-inflammatory impact on 
NOD2 wild type cells, the overall impact of Curcumin in the NOD2 
wild type and NOD2-G908R mutant cells were found to be similar, 
indicating a potential therapeutic advantage of curcumin in aid-
ing to the treatment of IBD patients with and without this NOD2-
G908R polymorphisms similarly. 

The therapeutic potential of Arctigenin [38-40], which is a phy-
tochemical from Arctium lappa L (Greater burdock), was observed 
to be the most affected among all the phytochemicals and drugs 
used in this study, by the NOD2-G908R mutation according to this 
study. The HEK-NOD2 wild type cells were much sensitive to the 
impacts of Arctigenin at very low concentrations in comparison to 
the HEK-NOD2-G908R mutant cells. This implicates, that the NOD2-
G908R mutation could be strongly impeding the anti-inflammatory 
impacts of Arctigenin, indicating a prominent involvement of arc-
tigenin with the NOD2-G908R mutation during its modulation of 
NF-κB activity in the mutant cell lines. 

Previous studies have reported the use of various phytochemi-
cals in CAMs, often without the knowledge of their clinicians by 
many IBD patients [41-43]. Also, natural products have been asso-
ciated with drug development in IBD [44-46]. Therefore, examin-
ing some significant phytochemicals in lieu of conventional drugs 
at the molecular and cellular levels on inflammatory reactions as-
sociated with IBD will aid in providing an insight to tailor appro-
priate therapies [16,47-50]. Furthermore, in vitro investigations 
like those of the present study may aid to initiate an understanding 
of mutation effects that alter drug/phytochemical activity. This un-
derstanding can help to initiate the adaptation of anti-inflammato-
ry therapies to the individual genetic profiles of patients, resulting 
thus, in a more personalized tailored therapeutic approach as this 
would augment the consequences of the therapeutics used in IBD 
management.

Citation: Lynnette R Ferguson., et al. “Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro”. Acta  

Scientific Nutritional Health 2.4 (2018): 34-42.



41

Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro

Bibliography

1. Inohara., et al. “NOD-LRR proteins: role in host-microbial in-
teractions and inflammatory disease”. Annual Review of Bio-
chemistry 74 (2005): 355-383.

2. Yao Q. “Nucleotide-binding oligomerization domain containing 
2: structure, function, and diseases”. Seminars in Arthritis and 
Rheumatism 43.1 (2013): 125-130.

3. Corridoni D., et al. “Functional defects in NOD2 signaling in 
experimental and human Crohn Disease”. Gut Microbes 5.3 
(2014): 340-344.

4. Lipinski S., et al. “RNAi screening identifies mediators of NOD2 
signaling: implications for spatial specificity of MDP recogni-
tion”. Proceedings of the National Academy of Sciences of the 
United States of America 109.52 (2012): 21426-21431.

5. Pashenkov MV., et al. “Pinegin, NOD1 and NOD2: Molecular tar-
gets in prevention and treatment of infectious diseases”. Inter-
national Immunopharmacology 54 (2018): 385-400.

6. Kennedy NA., et al. “The Impact of NOD2 Variants on Fecal 
Microbiota in Crohn’s Disease and Controls Without Gastro-
intestinal Disease”. Inflammatory Bowel Disease 24.3 (2018): 
583-592.

7. Thomas H. “IBD: Functional characterization of an IBD risk 
gene”. Nature Reviews Gastroenterology and Hepatology (2018).

8. Hugot JP., et al. “Association of NOD2 leucine-rich repeat vari-
ants with susceptibility to Crohn’s disease”. Nature 411.6837 
(2001): 599-603.

9. Cho JH. “The genetics and immunopathogenesis of inflamma-
tory bowel disease”. Nature Reviews Immunology 8.6 (2008): 
458-466.

10. Strober W., et al. “Signalling pathways and molecular inter-
actions of NOD1 and NOD2”. Nature Reviews Immunology 6.1 
(2006): 9-20.

11. Strober W and T Watanabe. “NOD2, an intracellular innate im-
mune sensor involved in host defense and Crohn’s disease”. 
Mucosal Immunology 4.5 (2011): 484-95.

12. Cleynen I., et al. “Inherited determinants of Crohn’s disease 
and ulcerative colitis phenotypes: a genetic association study”. 
Lancet 387.10014 (2016): 156-167.

13. Kobayashi KS., et al. “Nod2-dependent regulation of innate and 
adaptive immunity in the intestinal tract”. Science 307.5710 
(2005): 731-734.

14. Posovszky C., et al. “Age-of-onset-dependent influence of NOD2 
gene variants on disease behaviour and treatment in Crohn’s 
disease”. BMC Gastroenterology 13 (2013): 77.

15. Correa RG., et al. “Roles of NOD1 (NLRC1) and NOD2 (NLRC2) 
in innate immunity and inflammatory diseases”. Bioscience Re-
ports 32.6 (2012): 597-608.

16. Philpott M., et al. “Cell culture models in developing nutrig-
enomics foods for inflammatory bowel disease”. Mutation Re-
search 622.1-2 (2007): 94-102.

17. Alvarez-Lobos M., et al. “Crohn’s disease patients carrying 
Nod2/CARD15 gene variants have an increased and early 
need for first surgery due to stricturing disease and higher 
rate of surgical recurrence”. Annals of Surgery 242.5 (2005): 
693-700.

18. Katsanos KH and KA Papadakis. “Pharmacogenetics of inflam-
matory bowel disease”. Pharmacogenomics 15.16 (2014): 
2049-2062.

19. Bonen DK., et al. “Crohn’s disease-associated NOD2 variants 
share a signaling defect in response to lipopolysaccharide and 
peptidoglycan”. Gastroenterology 124.1 (2003): 140-146.

20. Tedesco D and L Haragsim. “Cyclosporine: a review”. Journal 
of Transplantation (2012): 230386.

21. Genestier L., et al. “Immunosuppressive properties of metho-
trexate: apoptosis and clonal deletion of activated peripheral 
T cells”. Journal of Clinical Investigation 102.2 (1998): 322-
328.

22. Niess JH., et al. “NOD2 polymorphism predicts response to 
treatment in Crohn’s disease-first steps to a personalized 
therapy”. Digestive Diseases and Sciences 57.4 (2012): 879-
886.

23. Brogden RN and EM Sorkin. “Mesalazine A review of its phar-
macodynamic and pharmacokinetic properties, and thera-
peutic potential in chronic inflammatory bowel disease”. 
Drugs 38.4 (1989): 500-523.

24. Kwon HS., et al. “Glabridin, a functional compound of li-
quorice, attenuates colonic inflammation in mice with dex-
tran sulphate sodium-induced colitis”. Clinical and Experimen-
tal Immunology 151.1 (2008): 165-173.

25. Kang JS., et al. “Glabridin, an isoflavan from licorice root, inhib-
its inducible nitric-oxide synthase expression and improves 
survival of mice in experimental model of septic shock”. Jour-
nal of Pharmacology and Experimental Therapeutics 312.3 
(2005): 1187-1194.

26. Takada Y., et al. “Acetyl-11-keto-beta-boswellic acid potenti-
ates apoptosis, inhibits invasion, and abolishes osteoclasto-
genesis by suppressing NF-kappa B and NF-kappa B-regu-
lated gene expression”. Journal of Immunology 176.5 (2006): 
3127-3140.

27. Cuaz-Perolin C., et al., Antiinflammatory and antiatherogenic 
effects of the NF-kappaB inhibitor acetyl-11-keto-beta-bo-
swellic acid in LPS-challenged ApoE-/- mice”. Arteriosclerosis, 
Thrombosis, and Vascular Biology 28.2 (2008): 272-277.

28. Ahad A., et al. “Ellagic acid, an NF-kappaB inhibitor, amelio-
rates renal function in experimental diabetic nephropathy”. 
Chemico-Biological Interactions 219 (2014): 64-75.

29. Shishodia S and BB Aggarwal. “Guggulsterone inhibits NF-
kappaB and IkappaBalpha kinase activation, suppresses 
expression of anti-apoptotic gene products, and enhances 
apoptosis”. Journal of Biological Chemistry 279.45 (2004): 
47148-58.

30. Wang X., et al. “Anti-inflammatory effects of triptolide by in-
hibiting the NF-kappaB signalling pathway in LPS-induced 
acute lung injury in a murine model”. Molecular Medicine Re-
ports 10.1 (2014): 447-52.

Citation: Lynnette R Ferguson., et al. “Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro”. Acta  

Scientific Nutritional Health 2.4 (2018): 34-42.

https://www.ncbi.nlm.nih.gov/pubmed/15952891
https://www.ncbi.nlm.nih.gov/pubmed/15952891
https://www.ncbi.nlm.nih.gov/pubmed/15952891
https://www.ncbi.nlm.nih.gov/pubmed/23352252
https://www.ncbi.nlm.nih.gov/pubmed/23352252
https://www.ncbi.nlm.nih.gov/pubmed/23352252
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4153771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4153771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4153771/
https://www.ncbi.nlm.nih.gov/pubmed/23213202
https://www.ncbi.nlm.nih.gov/pubmed/23213202
https://www.ncbi.nlm.nih.gov/pubmed/23213202
https://www.ncbi.nlm.nih.gov/pubmed/23213202
https://www.ncbi.nlm.nih.gov/pubmed/29207344
https://www.ncbi.nlm.nih.gov/pubmed/29207344
https://www.ncbi.nlm.nih.gov/pubmed/29207344
https://academic.oup.com/ibdjournal/article/24/3/583/4863708
https://academic.oup.com/ibdjournal/article/24/3/583/4863708
https://academic.oup.com/ibdjournal/article/24/3/583/4863708
https://academic.oup.com/ibdjournal/article/24/3/583/4863708
https://www.nature.com/articles/nrgastro.2018.17
https://www.nature.com/articles/nrgastro.2018.17
https://www.ncbi.nlm.nih.gov/pubmed/11385576
https://www.ncbi.nlm.nih.gov/pubmed/11385576
https://www.ncbi.nlm.nih.gov/pubmed/11385576
https://www.ncbi.nlm.nih.gov/pubmed/18500230
https://www.ncbi.nlm.nih.gov/pubmed/18500230
https://www.ncbi.nlm.nih.gov/pubmed/18500230
https://www.ncbi.nlm.nih.gov/pubmed/16493424
https://www.ncbi.nlm.nih.gov/pubmed/16493424
https://www.ncbi.nlm.nih.gov/pubmed/16493424
https://www.ncbi.nlm.nih.gov/pubmed/21750585
https://www.ncbi.nlm.nih.gov/pubmed/21750585
https://www.ncbi.nlm.nih.gov/pubmed/21750585
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)00465-1/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)00465-1/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)00465-1/abstract
https://www.ncbi.nlm.nih.gov/pubmed/15692051
https://www.ncbi.nlm.nih.gov/pubmed/15692051
https://www.ncbi.nlm.nih.gov/pubmed/15692051
https://www.ncbi.nlm.nih.gov/pubmed/23635032
https://www.ncbi.nlm.nih.gov/pubmed/23635032
https://www.ncbi.nlm.nih.gov/pubmed/23635032
https://www.ncbi.nlm.nih.gov/pubmed/22908883
https://www.ncbi.nlm.nih.gov/pubmed/22908883
https://www.ncbi.nlm.nih.gov/pubmed/22908883
https://www.ncbi.nlm.nih.gov/pubmed/17568627
https://www.ncbi.nlm.nih.gov/pubmed/17568627
https://www.ncbi.nlm.nih.gov/pubmed/17568627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1409853/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1409853/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1409853/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1409853/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1409853/
https://www.ncbi.nlm.nih.gov/pubmed/25521361
https://www.ncbi.nlm.nih.gov/pubmed/25521361
https://www.ncbi.nlm.nih.gov/pubmed/25521361
https://www.ncbi.nlm.nih.gov/pubmed/12512038
https://www.ncbi.nlm.nih.gov/pubmed/12512038
https://www.ncbi.nlm.nih.gov/pubmed/12512038
https://www.ncbi.nlm.nih.gov/pubmed/22263104
https://www.ncbi.nlm.nih.gov/pubmed/22263104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC508890/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC508890/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC508890/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC508890/
https://www.ncbi.nlm.nih.gov/pubmed/22147245
https://www.ncbi.nlm.nih.gov/pubmed/22147245
https://www.ncbi.nlm.nih.gov/pubmed/22147245
https://www.ncbi.nlm.nih.gov/pubmed/22147245
https://www.ncbi.nlm.nih.gov/pubmed/2684592
https://www.ncbi.nlm.nih.gov/pubmed/2684592
https://www.ncbi.nlm.nih.gov/pubmed/2684592
https://www.ncbi.nlm.nih.gov/pubmed/2684592
https://www.ncbi.nlm.nih.gov/pubmed/18005263
https://www.ncbi.nlm.nih.gov/pubmed/18005263
https://www.ncbi.nlm.nih.gov/pubmed/18005263
https://www.ncbi.nlm.nih.gov/pubmed/18005263
https://www.ncbi.nlm.nih.gov/pubmed/15537821
https://www.ncbi.nlm.nih.gov/pubmed/15537821
https://www.ncbi.nlm.nih.gov/pubmed/15537821
https://www.ncbi.nlm.nih.gov/pubmed/15537821
https://www.ncbi.nlm.nih.gov/pubmed/15537821
https://www.ncbi.nlm.nih.gov/pubmed/16493072
https://www.ncbi.nlm.nih.gov/pubmed/16493072
https://www.ncbi.nlm.nih.gov/pubmed/16493072
https://www.ncbi.nlm.nih.gov/pubmed/16493072
https://www.ncbi.nlm.nih.gov/pubmed/16493072
https://www.ncbi.nlm.nih.gov/pubmed/18032778
https://www.ncbi.nlm.nih.gov/pubmed/18032778
https://www.ncbi.nlm.nih.gov/pubmed/18032778
https://www.ncbi.nlm.nih.gov/pubmed/18032778
https://www.ncbi.nlm.nih.gov/pubmed/24877639
https://www.ncbi.nlm.nih.gov/pubmed/24877639
https://www.ncbi.nlm.nih.gov/pubmed/24877639
https://www.ncbi.nlm.nih.gov/pubmed/15322087
https://www.ncbi.nlm.nih.gov/pubmed/15322087
https://www.ncbi.nlm.nih.gov/pubmed/15322087
https://www.ncbi.nlm.nih.gov/pubmed/15322087
https://www.ncbi.nlm.nih.gov/pubmed/15322087
https://www.ncbi.nlm.nih.gov/pubmed/24789089
https://www.ncbi.nlm.nih.gov/pubmed/24789089
https://www.ncbi.nlm.nih.gov/pubmed/24789089
https://www.ncbi.nlm.nih.gov/pubmed/24789089


42

Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro

Volume 2 Issue 4 April 2018
© All rights are reserved by Lynnette R Ferguson., et al.

31. Cheung KL and AN Kong. “Molecular targets of dietary 
phenethyl isothiocyanate and sulforaphane for cancer chemo-
prevention”. AAPS Journal 12.1 (2010): 87-97.

32. Shakibaei M., et al. “Suppression of NF-kappaB activation by 
curcumin leads to inhibition of expression of cyclo-oxygen-
ase-2 and matrix metalloproteinase-9 in human articular 
chondrocytes: Implications for the treatment of osteoarthri-
tis”. Biochemical Pharmacology 73.9 (2007): 1434-1445.

33. Buhrmann C., et al. “Curcumin modulates nuclear factor kap-
paB (NF-kappaB)-mediated inflammation in human tenocytes 
in vitro: role of the phosphatidylinositol 3-kinase/Akt path-
way”. Journal of Biological Chemistry 286.32 (2011): 28556-
28566.

34. Yu S., et al. “Curcumin exerts anti-inflammatory and antioxi-
dative properties in 1-methyl-4-phenylpyridinium ion (MPP)-
stimulated mesencephalic astrocytes by interference with 
TLR4 and downstream signaling pathway”. Cell Stress Chaper-
ones 21.4 (2016): 697-705.

35. Jurenka JS. “Anti-inflammatory properties of curcumin, a ma-
jor constituent of Curcuma longa: a review of preclinical and 
clinical research”. Alternative Medicine Review 14.2 (2009): 
141-53.

36. Joo SY., et al. “Epigallocatechin-3-gallate Inhibits LPS-Induced 
NF-kappaB and MAPK Signaling Pathways in Bone Marrow-
Derived Macrophages”. Gut Liver 6.2 (2012): 188-196.

37. Navarro-Peran E., et al. “The anti-inflammatory and anti-
cancer properties of epigallocatechin-3-gallate are mediated 
by folate cycle disruption, adenosine release and NF-kappaB 
suppression”. Inflammation Research 57.10 (2008): 472-478.

38. Hyam SR., et al. “Arctigenin ameliorates inflammation in vitro 
and in vivo by inhibiting the PI3K/AKT pathway and polariz-
ing M1 macrophages to M2-like macrophages”. European Jour-
nal of Pharmacology 708.1-3 (2013): 21-29.

39. Zhang WZ., et al. “Arctigenin Protects against Lipopolysaccha-
ride-Induced Pulmonary Oxidative Stress and Inflammation 
in a Mouse Model via Suppression of MAPK, HO-1, and iNOS 
Signaling”. Inflammation 38.4 (2015): 1406-1414.

40. Lee JY and CJ Kim. “Arctigenin, a phenylpropanoid dibenzyl-
butyrolactone lignan, inhibits type I-IV allergic inflammation 
and pro-inflammatory enzymes”. Archives of Pharmacal Re-
search 33.6 (2010): 947-957.

41. Day AS. “A review of the use of complementary and alterna-
tive medicines by children with inflammatory bowel disease”. 
Frontier in Pediatrics 1 (2013): 9.

42. Day AS., et al. “Use of complementary and alternative medi-
cines by children and adolescents with inflammatory bowel 
disease”. Journal of Paediatrics and Child Health 40.12 (2004): 
681-684.

43. Witkowski M., et al. “Recipe for IBD: can we use food to control 
inflammatory bowel disease?” Seminars Immunopathology 
40.2 (2018): 145-156.

44. Harvey AL., et al. “The re-emergence of natural products for 
drug discovery in the genomics era”. Nature Reviews Drug Dis-
covery 14.2 (2015): 111-29.

45. Dias DA., et al. “A historical overview of natural products in 
drug discovery”. Metabolites 2.2 (2012): 303-336.

46. Joo YE. “Natural product-derived drugs for the treatment 
of inflammatory bowel diseases”. Intestinal Research 12.2 
(2014): 103-109.

47. Festen EA and RK Weersma. “How will insights from genetics 
translate to clinical practice in inflammatory bowel disease?” 
Best Practice and Research: Clinical Gastroenterology 28.3 
(2014): 387-97.

48. Miele E., et al. “Nutrition in Paediatric Inflammatory Bowel 
Disease: A Position Paper on Behalf of The Porto IBD Group 
of ESPGHAN”. Journal of Pediatric Gastroenterology and Nutri-
tion (2018).

49. Atreya R and B Siegmund. “IBD in 2017: Development of 
therapy for and prediction of IBD - getting personal”. Nature 
Reviews Gastroenterology and Hepatology 15.2 (2018): 72-74.

50. Thomas H. “IBD: Inflammatory biomarkers improve manage-
ment of Crohn’s disease”. Nature Reviews Gastroenterology 
and Hepatology 15.1 (2018): 4-5.

Citation: Lynnette R Ferguson., et al. “Therapeutics and Phytochemicals Activity Alterations Due to the NOD2-G908R Point Mutation In Vitro”. Acta  

Scientific Nutritional Health 2.4 (2018): 34-42.

https://www.ncbi.nlm.nih.gov/pubmed/20013083
https://www.ncbi.nlm.nih.gov/pubmed/20013083
https://www.ncbi.nlm.nih.gov/pubmed/20013083
https://www.ncbi.nlm.nih.gov/pubmed/17291458
https://www.ncbi.nlm.nih.gov/pubmed/17291458
https://www.ncbi.nlm.nih.gov/pubmed/17291458
https://www.ncbi.nlm.nih.gov/pubmed/17291458
https://www.ncbi.nlm.nih.gov/pubmed/17291458
https://www.ncbi.nlm.nih.gov/pubmed/21669872
https://www.ncbi.nlm.nih.gov/pubmed/21669872
https://www.ncbi.nlm.nih.gov/pubmed/21669872
https://www.ncbi.nlm.nih.gov/pubmed/21669872
https://www.ncbi.nlm.nih.gov/pubmed/21669872
https://www.ncbi.nlm.nih.gov/pubmed/27164829
https://www.ncbi.nlm.nih.gov/pubmed/27164829
https://www.ncbi.nlm.nih.gov/pubmed/27164829
https://www.ncbi.nlm.nih.gov/pubmed/27164829
https://www.ncbi.nlm.nih.gov/pubmed/27164829
https://www.ncbi.nlm.nih.gov/pubmed/19594223
https://www.ncbi.nlm.nih.gov/pubmed/19594223
https://www.ncbi.nlm.nih.gov/pubmed/19594223
https://www.ncbi.nlm.nih.gov/pubmed/19594223
https://www.ncbi.nlm.nih.gov/pubmed/22570747
https://www.ncbi.nlm.nih.gov/pubmed/22570747
https://www.ncbi.nlm.nih.gov/pubmed/22570747
https://www.ncbi.nlm.nih.gov/pubmed/18830563
https://www.ncbi.nlm.nih.gov/pubmed/18830563
https://www.ncbi.nlm.nih.gov/pubmed/18830563
https://www.ncbi.nlm.nih.gov/pubmed/18830563
https://www.ncbi.nlm.nih.gov/pubmed/23375938
https://www.ncbi.nlm.nih.gov/pubmed/23375938
https://www.ncbi.nlm.nih.gov/pubmed/23375938
https://www.ncbi.nlm.nih.gov/pubmed/23375938
https://www.ncbi.nlm.nih.gov/pubmed/25616905
https://www.ncbi.nlm.nih.gov/pubmed/25616905
https://www.ncbi.nlm.nih.gov/pubmed/25616905
https://www.ncbi.nlm.nih.gov/pubmed/25616905
https://www.ncbi.nlm.nih.gov/pubmed/20607501
https://www.ncbi.nlm.nih.gov/pubmed/20607501
https://www.ncbi.nlm.nih.gov/pubmed/20607501
https://www.ncbi.nlm.nih.gov/pubmed/20607501
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3860894/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3860894/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3860894/
https://www.ncbi.nlm.nih.gov/pubmed/15569284
https://www.ncbi.nlm.nih.gov/pubmed/15569284
https://www.ncbi.nlm.nih.gov/pubmed/15569284
https://www.ncbi.nlm.nih.gov/pubmed/15569284
https://link.springer.com/article/10.1007/s00281-017-0658-5
https://link.springer.com/article/10.1007/s00281-017-0658-5
https://link.springer.com/article/10.1007/s00281-017-0658-5
https://www.nature.com/articles/nrd4510
https://www.nature.com/articles/nrd4510
https://www.nature.com/articles/nrd4510
https://www.ncbi.nlm.nih.gov/pubmed/24957513
https://www.ncbi.nlm.nih.gov/pubmed/24957513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204705/
https://www.sciencedirect.com/science/article/pii/S1521691814000468
https://www.sciencedirect.com/science/article/pii/S1521691814000468
https://www.sciencedirect.com/science/article/pii/S1521691814000468
https://www.sciencedirect.com/science/article/pii/S1521691814000468
https://www.ncbi.nlm.nih.gov/pubmed/29384890
https://www.ncbi.nlm.nih.gov/pubmed/29384890
https://www.ncbi.nlm.nih.gov/pubmed/29384890
https://www.ncbi.nlm.nih.gov/pubmed/29384890
https://www.ncbi.nlm.nih.gov/pubmed/29209047
https://www.ncbi.nlm.nih.gov/pubmed/29209047
https://www.ncbi.nlm.nih.gov/pubmed/29209047
https://www.ncbi.nlm.nih.gov/pubmed/29139479
https://www.ncbi.nlm.nih.gov/pubmed/29139479
https://www.ncbi.nlm.nih.gov/pubmed/29139479

	_GoBack
	_Hlk510008881
	_GoBack
	_GoBack
	_GoBack

