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Abstract 

Background: Common variable immunodeficiency (CVID) is a primary immune disorder associated 

with hypogammaglobulinemia, recurrent infections and autoimmune diseases. CVID patients are 

frequently in contact with infectious pathogens leading to the activation of innate immunity through 

Toll-like receptors (TLR) affecting adaptive immunity. The aim of the present study was to test the 

immunomedulatory effect of small molecule G2013, a novel designed non-steroidal anti-

inflammatory agent in CVID. 

Materials and Methods: After blood sampling from 16 CVID patients and 16 age- and sex-matched 

healthy controls, peripheral blood mononuclear cells (PBMCs) were isolated and treated with/without 

lipopolysaccharide (LPS), lipopolyteichoic acid (LTA), and G2013. Assessing the 

immunomodulatory effect of G2013, flowcytometry was done for quantify the protein expression of 

TLR2 and TLR4. Gene expressions of signaling molecules involved in the TLR2 and TLR4 pathways 

were assessed by real-time PCR. ELISA performed assessing the production of IL-1 and IL-6.  

Results: G2013 significantly decreased the intensity of TLR2 expression in CVID PBMCs (p=0.001) 

also G2013 decreased significantly the NF-B gene expression in PBMCs of CVID patients 

(p=0.006).  

Conclusion: These results indicated that G2013 had immunomodulatory effect at least in part via 

TLR2 and NF-B expression. G2013 by decreasing MFI of TLR2 expression and NFB gene 

expression provide the possibility of designing new drugs for preventing or controlling autoimmunity 

in CVID patients.  
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1- INTRODUCTION 

    Common variable immunodeficiency 

(CVID) is one of the primary 

immunodeficiency disorders characterized 

by decrease in at least two of three major 

immunoglobulin isotypes (IgG and IgA 

and/or IgM) and a poor/lack of response to 

pneumococcal polysaccharides following 

vaccination (1). The disorder is associated 

with impaired B-cell maturation, impaired 

Somatic hypermutation (or SHM), reduced 

numbers of circulating memory and 

isotype-switched memory B cells, and 

diminished differentiation of B cells to 

plasma cells (2, 3).  

Toll-like receptors (TLRs), a family of 

endosomal and membrane proteins that 

recognize microbial products or 

endogenous molecules, play an important 

role in triggering and promoting 

inflammation (4). The mammalian TLR 

family consists of 11 members and each of 

them recognizes a different, ligand of 

different pathogens. For example, TLR4 is 

the receptor for the bacterial 

lipopolysaccharide (LPS), TLR2 

recognizes lipoproteins of bacteria and 

members of the TLR9 subfamily (TLRs 7, 

8 and 9) are receptors for microbial RNA 

and DNA (5, 6).  

In immune cells, ligand binding to TLRs 

make recruitment of the adaptor proteins 

namely myeloid differentiation primary 

response 88 (MyD88), interleukin-1 

receptor-associated kinase 1 (IRAK) and 

Tumour necrosis factor (TNF) receptor 

associated factor 6 (TRAF6) to cell 

membrane. Consequently, these proteins 

activate transcription factor including 

Interferon-regulatory factor 7 (IRF7) and 

nuclear factor kappa-light-chain-enhancer 

of activated B cells (NF-κB) with 

phosphorylation of Inhibitor of κB (IκB). 

These transcription factors translocate to 

nucleus resulting in expression of IFN-α 

and inflammatory cytokines (7). In resting 

cells, Toll-interacting protein (Tollip) 

inhibits the NF-κB activation through 

complex formation with members of the 

IL-1 receptor-associated kinase (IRAK) 

family and blocking the phosphorylation 

of IRAK1 (8). Moreover, TLR4 interaction 

but not TLR9 activate all the three major 

mitogen-activated protein kinase (MAPK) 

pathways extracellular receptor kinase 

(ERK) 1/2, mitogen-activated protein 

kinase p38 (p38 MAPK) and c-Jun N-

terminal kinase JNK cascades in the cells 

of the innate immune system, contributing 

significantly to the inflammatory response 

(9). It has been shown in CVID patients 

cluster of differentiation (CD)27+ and 

CD27− B cells stimulated with TLR7, 

TLR7/8, and TLR9 lack TLR-driven 

proliferation, Activation-induced cytidine 

deaminase (AID) expression, isotype 

switch, and immunoglobulin production. 

TLR7-, TLR7/8-, or TLR9-triggered 

plasmacytoid dendritic cells (pDCs) of 

CVID also produce IFN-α very little (10). 

These functional aberrations of TLR7 and 

TLR9 signaling in patients with CVID 

highlight the importance of TLR signaling 

between different cells in optimizing 

responses either innate or adaptive 

immunity (11). 

Small molecule G2013, C6H10O7 is a 

novel designed non-steroidal anti-

inflammatory drug (NSAID) prepared in 

immunology section of Pathobiology 

Department of Tehran University of 

Medical Sciences. This new drug (G2013) 

is the epimer form of M2000 (-D-

Mannuronic acid) an Uronic acid with 

published anti-inflammatory properties 

(12, 13).  

According to the position of TLRs for 

activation innate and adaptive immunity 

(11) and importance of G2013 as an 

immunomodularory and anti-aging agent 

(12, 14, 15), in the present study we 

investigated immunomodulatory effects of 

G2013 in the TLR2 and TLR4 protein 

expression and signaling downstream as 

well as cytokine production of PBMCs of 

CVID patients. 
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2- MATERIALS AND METHODS 

2-1. Patients  

     Sixteen patients with definite diagnosis 

of CVID and regular use of Intravenous 

immunoglobulin (IVIG) who referred to 

clinic of immunodeficiency, Children 

Medical Center in Tehran, were satisfied 

to participate in this study. Definitive 

diagnosis of CVID was made based on 

criteria defined by International Union of 

Immunological Societies (16) and blood 

sampling were done just before IVIG 

obtaining.  

The laboratory data of patients including 

hematological, serological and 

immunological evaluations which had 

been performed previously collected from 

the hospital lab. From blood donors who 

referred to Iran Blood Transfer 

Organization, sixteen age- and sex-

matched healthy individuals were recruited 

study as control group. The participants 

filled printed informed consent. This study 

was approved by ethics committee of 

Tehran University of Medical Sciences (ID 

number: 154-27044). 

2-2. Separation of PBMCs and Cell 

culture 

In the department of intravenous 

immunoglobulin therapy (IVIG), 10 ml 

whole blood was obtained from patients 

just before IVIG by a nurse. The PBMCs 

were obtained from fresh blood samples by 

density gradient centrifugation method 

using Ficol-paque (Biosera, France) then 

isolated PBMCs were washed twice by 

Phosphate Buffered Saline to clean the 

residual of ficol. Staining with trypan blue, 

the viability of cells was recognized.  

PBMCs were suspended in a culture 

medium containing RPMI 1640 enriched 

by 10% heat-inactivated fetal bovine 

serum, 100 U/mL penicillin, 100 µg/mL 

streptomycin, and 2 mM of L-glutamine. 

 

2-3. G2013 and TLR ligands’ treatments 

After adding one million cells to each well 

of a 24-well cell culture plate, the PBMCs 

were incubated for an overnight by 5 

µg/mL G2013 as low-dose and 25 µg/mL 

as high-dose drug, 10 µg/mL LTA (Sigma-

Aldrich, USA) as specific ligand of TLR2, 

1µg/ml LPS (Sigma-Aldrich, USA) as 

specific ligand of TLR4, and 25µg/m1 

OxPAPC (Invivogen, USA) as an inhibitor 

of TLR4  

2-4. Flowcytometry 

Proteins of TLR2 and TLR4 were stained 

by 5µg monoclonal antibodies (Biolegend, 

USA) of FITC-labeled anti-human CD282 

(TLR2) and PE labeled anti-human CD284 

(TLR4). Staining procedure was carried 

out based on protocol of producing 

company. BD flow cytometer system (BD, 

USA) was used in this experiment. 

Monoclonal antibodies of FITC-labeled 

mouse IgG2a and PE-labeled Mouse 

IgG2a were used as isotype controls and 

the data was analyzed with FlowJo 

software version 7.6.1. 

2-5. Real-time PCR 

Total RNA was extracted manually 

PBMCs by Qiazole (Qiagen, USA) and 

reversed transcribed into CDNA by Takara 

kit (Takara, Japan); all procedures was 

done according to protocols of companies. 

Gene expressions of MyD88, Tollip, IB, 

P38, and NFB were defined by 

quantitative real-time polymerase chain 

reaction (PCR) using SYBR Green PCR 

Master Mix (Takara, Japan) on the ABI 

Step One plus Real-time PCR system (ABI 

System, USA); also -actin was used as 

housekeeping and the relative abundance 

of each gene was computed using the 

2−ΔΔCT method. Nucleotide sequences of 

specific primers and -actin are presented 

in Table.1.  
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Table-1: Nucleotide sequences of primers used in this study  

β-actin F; 5'-GTGGGGCGCCCCAGGCACCA-3'- R; 3'-CTCCTTAATGTCACGCACGATTTC-5' 

MyD88 F; 5'-CGCCGCCTGTCTCTGTTC-3'- R; 3'-GGTCCGCTTGTGTCTCCAGT-5' 

Tollip F; 5'-GCAAGGTGGAGGACAAGTG- R; 3'-GTAGGACATGACGAGGTTGATC-5' 

IBα F; 5'-CTCCACTCCATCCTGAAGGCTA-3'- R; 3'-AGGTCCACTGCGAGGTGAAG-5' 

P38 F; 5'-GAGGTGCCCGAGCGTTAC-3'- R; 3'-GGAGAGCTTCTTCACTGCCAC-5' 

NFB F; 5'-GCTACACAGGACCAGGGACAGT- R; 3'-AGCTCAGCCTCATAGAAGCCATC-5' 

 

2-6. Cytokine measurement 

Detecting the concentration of cytokines, 

supernatants of cell cultures were gathered 

after incubation period and stored at -

70C. Quantities of IL-1β and IL-6 were 

detected by ELISA kit (eBioscience, USA) 

based on the protocol which was provided 

by the manufacturer.  

2-7. Statistical analysis 

Data were statistically analyzed by SPSS 

software version 16.0. Data are shown as 

mean ± standard deviation (SD) and 

statistical differences were statistically 

tested using the independent-samples t-test 

and paired-samples t differences were 

considered significant at p- value of equal 

or less than 0.05.  

3- RESULT 

     Evaluating the immunomodulatory 

properties of G2013 in CVID patients, 16 

CVID patients consist of 10 (62.5%) male 

and 6 (37.5%) female with age mean of 

26.43±9.02 years old were entered the 

study. The surface protein expression of 

TLR2 and TLR4, signaling pathway and 

cytokine production were detected before 

and after treatment with low and high 

doses of G2013 as well as agonists and 

inhibitor of TLR2 and TLR4. Patients’ 

characteristics are demonstrated in 

Table.2.  

3-1. The effect of G2013 treatment on 

the protein expression of TLR2 and 

TLR4 in PBMCs of CVID patients  

Mean Fluorescence Intensity (MFI) of 

TLR2 and TLR4 in patients and controls at 

baseline levels and after treatment of 

PBMCs with two doses of G2013 were 

investigated by flow cytometry. The 

baseline MFI of TLR2 was 76.62±8.47 in 

healthy controls and 85.95±12.09 in CVID 

group (P=0.56). In CVID patients, 

treatment of low-dose G2013 in culture of 

PBMCs decreased the MFI of TLR2 to 

65.69±10.88 (P=0.42) and treatment of 

high-dose G2013 decreased significantly 

this amount to 20.65±6.39 (P=0.001). 

LTA-stimulation of CVID patients altered 

the MFI of TLR2 to 70.55±9.93 (P=0.39), 

moreover OxPAPC decreased significantly 

the MFI to 27.86± 3.16 (P=0.001).  

We demonstrated that in healthy control 

individual the baseline MFI of TLR4 was 

49.94±8.91 whereas this amount in CVID 

patients was 41.10±6.08 (P=0.17). The 

MFI of TLR4 after addition of low and 

high dosage of G2013 in controls group 

elevated to 53.45±6.80 (P=0.06) and 

55.15±7.47 (P=0.06) in CVID patients, 

respectively. Treatment of CVID PBMCs 

with their specific ligand LPS increased 

the MFI of TLR4 to 46.77±7.34 (P=0.21). 

Using inhibitor in the culture of CVID 

PBMCs lead to significant reduction of 

intensity of TLR4 to 24.95± 3.68 (P=0.03). 
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Figures 1 and 2 demonstrates the MFI of 

the expression of TLR2 and TLR4 at 

baseline level and after addition of low and 

high dosage of G2013 as well as their 

agonists LTA/LPS and their inhibitor 

OxPAPC.  

3-2. Gene expression of TLRs signaling 

molecules in PBMCs of CVID patients  

However our findings from real-time PCR 

showed no significant differences between 

NFB gene expressions of healthy controls 

and CVID patient at baseline level 

(P=0.285), but treatment of CVID PBMCs 

by low-dose G2013 can significantly 

decrease the gene expression of NFB 

(P=0.006), but high-dose of it, did not 

have similar effect (P=0.189) (Figure.3). 

Rather than some alterations, G2013 did 

not affect significantly other signaling 

molecules including Tollip, MyD88, IB 

and P38 in CVID and controls. 

3-3- Cytokines production in PBMCs of 

CVID patients  

Both IL-1 and IL-6 had significant 

weaker production in CVID patients 

compared with healthy people. Before and 

after data comparison, showed that CVID 

PBMCs treated with G2013 either low or 

high doses show an increasing in IL-1 

and IL-6 levels compared with baseline 

levels. However paired t test do not 

confirmed significant relations for these 

findings (P>0.05 for each comparison) 

(Figures 4 and 5). 

 

   Table-2: Demographic and clinical presentation of CVID patients 

SD: standard deviation; ITP: immune thrombocytopenic purpura; AE: adult autoimmune enteropathy; AIHA: 

autoimmune hemolytic anemia; IBD: inflammatory bowel disease; RA: rheumatoid arthritis; PID: primary 

immunodeficiency. 

 

Subjects Results 

Number of patients 16 

Gender (male/female) 10/6 

Age (Mean ± SD) 26.43±9.02 

Age of onset 14.56±9.24 

Diagnosis delay 5.09±3.83 

Consanguinity 

 

Non related 31.2% 

Related 18.8% 

First cousins 50.0% 

Autoimmunity 

ITP 12.5% 

AE 12.5% 

AIHA 31.2% 

IBD 6.2% 

RA 12.5% 

Family history 

Family history of recurrent infection 23.1% 

Family history of death with unknown cause 53.8% 

Family history of PID 44.4% 

Family history of cancer 15.4% 

Family history of asthma and allergy 8.3% 

http://medical-dictionary.thefreedictionary.com/rheumatoid+arthritis
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Fig.1: The effect of G2013 on the expression of TLR2 in PBMCs of CVID patients 

Abbreviations: NS: non-stimulated; HC: healthy control; LG: low-dose G2013 (5g/ml); HG: high-dose G2013 

(25g/ml), LTA: lipoteichoic acid; Ox: OxPAPC. 

High dose of G2013 significantly reduced the baseline MFI of TLR4 in CVID PBMCs (p=0.001). *Indicates 

significant association with baseline expression of TLR2 in CVID patients. 
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Fig.2: The effect of G2013 on the expression of TLR4 in PBMCs of CVID patients. 

Abbreviations: NS: non-stimulated; HC: healthy control; LG: low-dose G2013 (5g/ml); HG: high-dose G2013 

(25g/ml), LPS: lipopolysaccharide; Ox: OxPAPC. 

The low and high doses of G2013 up-regulate the expression of TLR4 in PBMC of CVID patients (p=0.06 for 

both). *Indicates significant association with baseline expression of TLR4 in CVID patients. 
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Fig.3: The effect of G2013 on the gene expression of NFB in CVID patients. 

Abbreviations: NS: non-stimulated; LPS: lipopolysaccharide; LTA: lipoteichoiec acid; LG: low-dose G2013; 

HG: high-dose G2013. Independent t test analysis of our data revealed that there is no significant differences 

between baseline levels of NFB gene expression in controls and patients (p=0.285). Low-dose G2013-treated 

PBMCs in CVID patients significantly decrease the gene expression of NFB (p=0.006) but high-dose of it do 

not have similar trend (p=0.189). *Indicates significant association with baseline gene expression of CVID 

patients. 
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Fig.4: Effect of G2013 on IL-1 production by PBMCs of CVID patients. 

Abbreviations: NS: non-stimulated; HC: healthy control; LG: low G2013; HG: high G2013, LPS: 

lipopolysaccharide; LTA: Lipoteichoic acid.  

With no stimulation CVID PBMCs produce significantly lower amount of IL-1 than healthy controls 

(p=0.019). In spite of increasing the IL-1 in CVID patients after treatment of low and high doses of G2013 but 

according to paired t test analysis this increasing is not significant.(p=0.376 and p=0.380 respectively). 

*Indicates significant association with baseline cytokine production of CVID patients. 
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Fig.5: Effect of G2013 on IL-6 production by PBMCs of CVID patients. 

Abbreviations: NS: non-stimulated; HC: healthy control; LG: low G2013; HG: high G2013, LPS: 

lipopolysaccharide; LTA: Lipoteichoic acid.  

At baseline level CVID patients produce significantly lower IL-6 compared with healthy controls (p=0.015). In 

spite of increasing the IL-6 in CVID patients after treatment of low and high doses of G2013 but according to 

paired t test analysis this increasing is not significant.(p=0.139 and p=0.691 respectively). *Indicates significant 

association with baseline cytokine production of CVID patients. 

 

4- DISCUSSION 

      Although defects observed in B cells, 

T cells, and dendritic cells in part by 

TLR7/TLR9 signaling impairment have 

been reported in CVID, blood 

mononucleolar cell functions of CVID via 

TLR2 and TLR4 engagement, has been 

less studied (17). de Lollo et al. (2016) 

showed that the TLR4 signaling was 

dysfunctional in CVID patients, because in 

response to TLR4 stimulation was 

observed decrease of CCL2 and CXCL8 

production and increase of TNF-α 

secretion as compared with healthy control 

individuals (18). The most common 

clinical presentation in patients with CVID 

is recurrent infections, and pneumonia is 

one of the most common infectious 

organisms (19). Among TLRs, TLR2 play 

an important role in the recognition of 

Streptococcus pneumoniae and in the 

activation of the inflammatory and 

antimicrobial innate immune responses 

(20). In the present study, statistical 

analysis showed that there was no 

difference in TLR-2 and TLR-4 intensity 

of expression on PBMCs of CVID patients 

as compared with healthy control. 

However, G2013 significantly decreased 

the intensity of TLR-2 protein expression 

in CVID patients in a dose dependent 

pathway, whereas was not observed any 

significance of G2013 effect in healthy 

control individuals. In addition to 

microbial products, endogenous 

components such as released intracellular 

proteins, heat shock protein and oxidation-

modified lipids can activate TLR2 and 

TLR4 and result in autoimmune diseases 

(21). Moreover, it has been reported that 

some of CVID patients develop 

autoimmune diseases including; 

rheumatoid arthritis, vitiligo, hemolytic 

anemia, thrombocytopenia, neutropenia 

associated with pyoderma gangrenosum, 

and gastrointestinal diseases (22). G2013 

via decreasing intensity of TLR2 
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expression on mononuclear cells at least in 

part may attenuate autoimmune outbreak 

in CVID patients. However, additional 

studies are required to evaluate G2013 as 

an immunomodulatory factor for CVID 

patients. Anti-inflammatory properties of 

G2013  was demonstrated in experimental 

autoimmune encephalomyelitis (EAE) and 

shown that G2013 modulates EAE by 

decreasing NO production which was 

confirmed by histopathological and 

clinical findings (14).  

Furthermore, our previous results showed 

that after treatment by G2013 in a dose 

dependent, IRAK1 expression reduced 

between 5 to 8-fold in HEK-293 TLR4 

cells (embryonic kidney cells) (15). At 

present, we are evaluating effect of G2013 

in clinical trial I on ankylosing spondylitis 

(IRCT2016091813739N4) and rheumatoid 

arthritis (IRCT: 2016092813739N5) 

patients. The current study demonstrated 

that TLR4 activation with LPS result in 

significant decrease of NF-B gene 

expression in CVID in comparison with 

healthy control that may be sign of some 

deficiencies in signaling pathway via NF-

B activation and function.  

Interestingly, in comparison with un-

stimulated cells after stimulating PBMCs 

with LPS in CVID no increase of NF-B 

gene expression was observed. 

Consistence with these data, Keller et al. 

(2016), also demonstrated classical NF-B 

signaling mediated by BCR (B cell 

receptor) was impaired in mature naïve B 

cells of CVID patients (especially patients 

with CD21 low B cells) (23). G2013 did 

not affect the MyD88, IB, P38 and Tollip 

gene expression, while in CVID group 

G2013 at low dose significantly decrease 

the NF-B gene expression in CVID 

PBMCs indicating immunomodulatory 

effect of this drug. This finding can be 

beneficial for designing anti-autoimmunity 

drugs based on G2013 molecule in CVID 

patients; of course, further detailed studies 

is needed for proving this hypothesis. 

Polysaccharide capsule of Streptococcus 

pneumoniae induces secretion of cytokines 

such as IL-6 and TNF-α from monocytes 

but not by B cells or T cells. Hong et al. 

(2010) showed that secretion of these 

cytokines induced by Pneumovax-23 

(component of polysaccharide capsule of 

S. pneumoniae) is impaired in CVID (24); 

also a leading research groups in this field 

has been reported reduced IL-6 in CVID 

patients (25).  

Consistent with these data, in the present 

study, CVID mononuclear cells in both un-

stimulated and stimulation condition with 

LPS showed decrease in IL-1 and IL-6 

level as compared with healthy controls 

indicating that in CVID PBMCs under 

inflammatory condition pro-inflammatory 

cytokines production are decreased, 

However, our findings were in conflict 

with other study in terms of inflammatory 

cytokine production in CVID patients.  

They showed that there was normal 

secretion of TNF-α, IL-6, and IL-12 from 

PBMCs stimulated through TLR1, TLR2 

TLR3, TLR4, TLR5, TLR7, or TLR9 in 

CVID patients (10). However IL-1 and 

IL-6 production are weaker in non-treated 

and G2013-treated CVID PBMCs 

compared with healthy controls but 

treating the CVID PBMCs with both doses 

of G2013 raise up the cytokines from the 

baseline levels. 

5- CONCLUSION 

     In conclusion, we observed that despite 

of healthy individuals, G2013 significantly 

decrease the intensity of TLR2 protein 

expression and NF-B gene expression in 

CVID PBMCs as well as increasing 

cytokines indicating immunomodulatory 

effect of this drug. G2013 by decreasing 

MFI of TLR2 expression on PBMCs and 

NFB gene expression may control 

autoimmune presentation in CVID 

patients. However, additional studies are 

required to evaluate G2013 as an 
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immunomodulatory factor for CVID 

patients. This finding can be used for 

designing anti-autoimmunity drugs for 

prevention or treatment of this condition in 

CVID patients. Of course, due to the 

heterogeneity and diversity of 

inflammatory conditions and clinical signs 

in CVID, future studies should be 

investigated according to immune 

phenotype classes of patients to understand 

better the immunomodulatory phenomena 
of G2013 as well as its autoimmune 

preventing capacity for CVID patients. 
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