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Abstract: 

Autoimmune diseases currently affect over 10% of the global population. As well these 

individuals are at a higher risk of developing Non-Hodgkin’s lymphoma, a type of cancer. We 

looked at mutations to genes that are associated with the development of autoimmune diseases 

and how they affected patient prognosis for Non-Hodgkin’ lymphoma. This was done by 

utilizing two databases, the GAAD database for acquiring genes associated with the development 

of autoimmune disorders, and CBioPortal for mutations within the Non-Hodgkin’s population. 

Overall 22 mutations were analysed. Five mutations to the gene BCL2 were found to correlate 

with a poor patient prognosis. One mutation to the STAT4 gene was found to be correlated with 

better patient prognosis. The other 16 mutations were to various genes and displayed expected 

patient outcome. This is useful as it can be used to give a more accurate prognosis for patients 

who develop Non-Hodgkin’s lymphoma. 

 

Introduction: 

Autoimmune diseases are a category of diseases that currently affects over 10% of the global 

population, not including those affected by Rheumatoid Arthritis (RA) and Autoimmune 

Thyroiditis [1]. Within Canada, the incidence rate of autoimmune diseases are increasing with 

current statistics suggesting an annual increase of 7.5% [1]. These diseases are especially 

concerning as they affect both adults and children. 

 

Most notably, Autoimmune diseases are associated with the development of Non-Hodgkin's 

lymphoma, a type of cancer. The American Cancer Society has identified autoimmune diseases 



as a risk factor for developing Non-Hodgkin's lymphoma [2]. Currently, most of the research 

done associating autoimmune diseases with Non-Hodgkin's lymphoma has been conducted on 

the adult population, focusing on more common autoimmune diseases such as RA [3]. A study 

done by Smedby etal. at the Karolinska University Hospital identified that patients with RA, 

Systemic lupus erythematosus, Celiacs disease, Hashimoto’s thyroiditis, and Sjorgens diesease 

have up to a 25-fold increased chance of developing a Non-Hodgkin's lymphoma [3,4].  Despite 

this, current research has been inconclusive about the specific genetic link between autoimmune 

diseases and Non-Hodgkin's lymphoma [4], furthermore no studies focusing on pediatric 

autoimmune diseases and the development of cancer later on in adulthood have been published. 

 

Six autoimmune diseases which are most common in the pediatric population are: Systemic 

Lupus Erythematosus, Systemic scleroderma, Sjorgen’s, Celiacs disease, Behcets disease, and 

Ankylosing Spondylitis.[5] 

 

All of the autoimmune diseases mentioned above have risk factors associated with the human 

leukocyte antigen (HLA) complex. The HLA genes encode for the human major 

histocompatibility complex. It is found on the sixth chromosome [6]. Class I of HLA 

encompasses; HLA-A, HLA-B, and  HLA C. whereas class II HLA genes comprises HLA-DR, 

HLA-DQ. HLA-DP [7]. Over 100 diseases including several autoimmune diseases have been 

associated with the HLA complex, however it is unclear how the complex influences the 

development of the diseases [8]. 

 



Systemic lupus erythematosus (SLE) manifests itself differently in different people. Typically it 

is characterized by the inflammation of connective tissues most notably of the cartilage and 

lining of blood vessels [9].  SLE heritability is just not from one gene variant/mutation, but 

through multiple genes variants/mutations.[10]  The STAT4 gene has been identified as a gene 

that plays into the incurrence of SLE [11,12] The signal transducer and activator of transcription 

4 (STAT4) gene encodes for a protein responsible for mediating responses to interleukin 12 in 

lymphocytes [12].  

 

Systemic scleroderma (SS) is a disorder that affects the skin and internal organs characterized by 

a buildup of scar tissue [13]. Variations in several genes may influence the risk of SS such as the 

STAT4 gene [14] and interferon regulatory factor 5 (IRF5) gene and the associated 

polymorphism rs2004640 [15,16]. The IRF5 gene encodes a member of the interferon regulatory 

factor family. This group of transcription factors has diverse roles, including virus-mediated 

activation of interferon, and immune system activity [17]. 

 

Sjorgen’s syndrome is characterized by the immune system attacking the lacrimal and salivary 

glands, impairing the ability of the glands to excrete fluid [18,19]. Sjorgen’s is thought to be 

caused by a combination of genetic and environmental factors and variations in some genes 

affect the risk of developing Sjorgen’s [19].  The variants of the interleukin 10 (IL10) gene may 

be considered as a genetic factor in developing mixed connective tissue diseases such as 

Sjorgen’s [20]. The protein encoded by this gene is a cytokine produced primarily by monocytes 

and to a lesser extent by lymphocytes. This cytokine has pleiotropic effects in immunoregulation 



and inflammation [21]. In addition, variant of the Methylene-tetrahydrofolate reductase 

(MTHFR) gene, which synthesizes an enzyme essential in DNA synthesis and methylation, have 

been associated with susceptibility to Non-Hodgkin's lymphoma in patients with Sjogren 's [20]. 

 

Celiacs disease (CD) is a condition where the immune system is abnormally sensitive to gluten, 

causing inflammation of the gastrointestinal tract [22]. There has been a 35% increase in the 

incidence rate of CD in Canada per year [1]. People with CD have specific mutations to the 

HLA-DQA1 and HLA-DQB1 genes. However, only 3% of people with the mutations develop 

CD [23]. 

 

Behcets disease (BD) is a condition characterized by the inflammation of blood vessels. Usually 

it is localized to the small blood vessels of the mouth, genitals, skin, and eyes. The first sign of 

developing BD is the development of aphthous ulcers in the mouth and 75% of patients develop 

ulcers of the genitals [24]. It is reported that the HLA-B51 serotype is a genetic factor for BD 

[25]. Furthermore, associations with polymorphisms of the class II major histocompatibility 

complex transactivator (CIITA) and the  nucleotide binding oligomerization domain containing 1 

(NOD1) genes have been established [26]. The CIITA gene encodes a protein with an acidic 

transcriptional activation domain, 4 leucine-rich repeats and a GTP binding domain. The CIITA 

gene acts as a positive regulator of class II major histocompatibility complex gene transcription 

[27]. The NOD1 gene encodes a member of the nucleotide-binding oligomerization domain-like 

receptor family of proteins. This protein plays a role in innate immunity by acting as a 

pattern-recognition receptor that binds bacterial peptidoglycans and initiates inflammation [28]. 



 

Ankylosing Spondylitis (AS) is a disorder consisting of  joint inflammation of the spine [29]. At 

first, inflammation of the sacroiliac joints occurs and over time, the vertebrae fuse together [29]. 

Variations in the HLA-B27, endoplasmic reticulum aminopeptidase 1 (ERAP1), interleukin 1 

alpha (IL1A), and interleukin 23 receptor (IL23R) gene are associated with AS [30,31]. The 

ERAP1 encodes an aminopeptidase involved in trimming HLA class I-binding precursors so that 

they can be presented on major histocompatibility class I molecules [32] The IL1A gene encodes 

a pleiotropic cytokine involved in various immune responses, inflammatory processes, and 

hematopoiesis [33] The IL23R encoded a protein which is a subunit of the receptor for 

IL23A/IL23. This protein pairs with the receptor molecule IL12RB1/IL12Rbeta1, and both are 

required for IL23A signaling.[34]  However it is not known how these genes increase the risk of 

developing AS [37]. 

 

This study aims to look into the effect of mutations on genes that are associated with the 

development of pediatric autoimmune diseases on patient prognosis for Non-Hodgkin’s 

lymphoma. 

 

Procedures: 

Collection of Gene Associated with Pediatric Autoimmune Diseases 

To begin the study, it was necessary to acquire all genes associated with the six pediatric 

autoimmune diseases mentioned in the background research section. To do this, the Gene & 

Autoimmune Disease Association Database (GAAD) was used [35]. This database text-mines 



the entire PubMed database for studies that associated a specific gene with the development of a 

certain pediatric autoimmune disease [35]. All the diseases mentioned above were included in 

this database. An Excel sheet was downloaded of the associated genes from the GAAD database 

and they were put into one master spreadsheet (MS Excel, 2019). Genes that were associated 

with three or more pediatric Autoimmune Diseases were selected for the second part of the 

study. 

Mutation Data 

For this phase of the study, the CBioPortal database was used [36,37]. It provided access to 16 

Non-Hodgkin's lymphoma studies with genomic information of the participants. The total 

sample size amounted to 3727 samples. All the genes previously selected were inputted into the 

database to find out the presence of a mutated version of the gene in the total sample size. Only 

genes with mutated versions present in more than 0.05% of the sample were further explored. All 

the mutation data for the selected genes were downloaded into individual Excel spreadsheets for 

each gene. The frequency of appearance (occurrence) of each mutation was determined. Double 

samples were accounted for. These double samples came from patients having multiple samples 

from different times or from a study that had built on from a previous study using the same 

patient cohort. Mutations where five or more patients had the mutation were further explored 

into. 

Survival Data 

Patient data was compiled in an Excel spreadsheet (MS Excel, 2019) including Patient ID, 

survival in month and survival status.For the statistical package, a zero or a one was put next to 



the patient survival status where 1 stood for deceased. A separate spreadsheet was created for all 

patients who did not carry the mutations (control group).  

 

Both spreadsheets were uploaded into GraphPad Prism 8 (Graphpad Prism 8, 8.3.1) statistical 

package and program and Kaplan-Meier survival curves were calculated.Two significance tests 

were conducted, a Mantel-Cox test and a Gehan Breslow-Wilcoxon test, with significance set to 

under 0.05 for both.  

 

Results: 

 The screening of the GAAD database rendered 6 genes (BCL2, TP53, SOCS1, STAT3, FAS, & 

ETS1) that are associated with Juvenile idiopathic arthritis, Juvenile dermatomyositis, Systemic 

Lupus Erythematosus, Systemic scleroderma, Sjorgen’s, CD, Behcets disease, and Ankylosing 

Spondylitis.  

 

The CBioPortal database, containing genomic information for 3727 patients who have been 

diagnosed with a Non-Hodgkins Lymphoma, was probed for the presence of mutations in the 

BCL2, TP53, SOCS1, STAT3, FAS, & ETS1 genes. Table 1 shows a list of mutations found in 5 

or more patients along with the statistical values calculated using the Mantel-Cox and the 

Gehan-Breslow-Wilcoxon tests. 

Tabe 1. Statistical Significance of the Presence of a Mutation and Survival Rate. Two tests 

were performed to ascertain the statistical significance (p<0.05): Mantel-Cox test and 

Gehan-Breslow-Wilcoxon test. 



Gene Mutation 

Mantel-Cox 

Test 

p= 

Gehan-Breslow

-Wilcoxon test 

p= 

BCL2 

X96 Splice 

X195 Splice 

A131V 

A60V 

R129H 

H20Q 

P59S 

G33R 

G8E 

H120Y 

L86F 

T56M 

G8R 

0.0014 

0.7797 

0.7962 

0.0840 

0.0767 

0.1259 

0.1535 

0.8526 

<0.0001 

0.4744 

0.4170 

0.0163 

0.0205 

0.0007 

0.5300 

0.5358 

0.0480 

0.1002 

0.1761 

0.5487 

0.9970 

<0.0001 

0.4810 

0.5419 

0.0117 

0.0111 

TP53 

R175H 

R248Q 

N239D 

0.3411 

0.2972 

0.4072 

0.3295 

0.4040 

0.4013 

SOCS1 

S125T 

S116N 

A16T 

0.3667 

0.1758 

0.7878 

0.3198 

0.1013 

0.8253 

STAT3 Y640F 0.00369 0.086 



 

BCL2 

Thirteen mutations for the BCL2 gene were found to be present in more than 5 patients among 

the samples tested.The Mantel-Cox and the Gehan-Breslow-Wilcoxon tests revealed that that 

presence of five of those BCL2 mutations (A60V, G8R, X96 Splice, G8E, and T56M) 

significantly decreases (p<0.05) the survival rates of these patients. (Table 1) Figure 1 shows the 

Kaplan Meier survival curves of patients carrying each of these mutations (red curves) compared 

to patients carrying the wild type gene (blue curves). 

 

Figure 1. Kaplan-Meier Survival Curve of Patients Carrying different BCL2 Mutations. Among the thirteen 

different BCL2 mutations studied, patients carrying A60V (Panel A), G8R (Panel B), X96 Splice (Panel C), G8E 

FAS V220Gfs*6 0.6643 0.8707 

ETS1 E17K 0.796 0.6199 



(Panel D) and T56M (Panel E) displayed decreased survival rates (red curves) when compared with the control 

group carrying the wild type BCL2 gene (blue curves).. 

 

In contrast, the presence of BCL2 mutations X195 Splice, R129H, A131V, G33R, P59S, L86F, 

H20Q, and H120Y did not significantly decrease/increase the survival rate of patients compared 

to the control group (Fig 2) as indicated by the p-values larger than 0.05 calculated by the 

Mantel-Cox and the Gehan-Breslow-Wilcoxon tests. (Table 1)  

 

Figure 2.Kaplan-Meier Survival Curve of Patients Carrying different BCL2 Mutations. Among the thirteen different 

BCL2 mutations studied, patients carrying X195 Splice (Panel A), R129H (Panel B), A131V (Panel C), G33R 



(Panel D), P59S (Panel E), H20Q (Panel F), H120Y(Panel G), and L86F (Panel H) displayed survival rates (red/thin 

curves) comparable with the control group carrying the wild type BCL2 gene (blue/thick curves). 

 

TP53 

Three mutations for the TP53 gene were found to be present in more than 5 patients among the 

samples tested.The Mantel-Cox and the Gehan-Breslow-Wilcoxon tests revealed that that 

presence these three TP53 mutations (R175H, R248Q, and N239D) did not significantly 

decrease/increase (p>0.05) the survival rates of these patients. (Table 1) Figure 3 shows the 

Kaplan Meier survival curves of patients carrying each of these mutations (red/thin curves) 

compared to patients carrying the wild type gene (blue/thick curves).  

 

 

Figure 3. Kaplan-Meier Survival Curve of Patients Carrying different TP53 Mutations. Among the three different 

TP53 mutations studied, patients carrying R175H (Panel A), R248Q (Panel B), N239D (Panel C) displayed survival 

rates (red/thin curves) comparable with the control group carrying the wild type TP53 gene (blue/thick curves).  

SOCS1 

Three mutations for the SOCS1 gene were found to be present in more than 5 patients among the 

samples tested.The Mantel-Cox and the Gehan-Breslow-Wilcoxon tests revealed that the 

presence of these three SOCS1 mutations (S125T, S116N, and A16T) did not significantly 



decrease/increase (p>0.05) the survival rates of these patients. (Table 1) Figure 4 shows the 

Kaplan Meier survival curves of patients carrying each of these mutations (thin curves) 

compared to patients carrying the wild type gene (thick curves).  

 

 

Figure 4. Kaplan-Meier Survival Curve of Patients Carrying different SOCS1 Mutations. Among the three different 

SOCS1 mutations studied, patients carrying S116N (Panel A), A16T (Panel B), S125T (Panel C) displayed survival 

rates (thin curves) comparable with the control group carrying the wild type SOCS1 gene (thick curves).  

 

STAT3, FAS, & ETS1 

One mutation for each of the STAT 3, FAS and ETS1 genes was found to be present in more 

than 5 patients. The Mantel-Cox and the Gehan-Breslow-Wilcoxon tests revealed that presence 

of the FAS mutation (V220Gfs*6) and ETS1 mutation (E17K) did not significantly 

decrease/increase (p>0.05) the survival rates of these patients. (Table 1) However the same tests 

revealed that the presence of the STAT3 mutation (Y640F) increased the survival rate of patients 

(p<0.05) when compared to the wild type. (Fig 5) (Table 1) 

 

 

. 



 

Figure 5.  Kaplan-Meier Survival Curve of Patients Carrying either a FAS, ETS1, or STAT3 Mutations. Among the 

ETS1 and FAS mutations studied, patients carrying E17K(Panel A), V220Gfs*6 (Panel B), displayed survival rates 

(thin curves) comparable with the control group carrying the wild type ETS1 or FAS gene (thick curves). For the 

STAT3 mutation, patients carrying the mutation Y640F (Panel C) displayed an increased survival rate(red curve) 

compared with the control group carrying the wild type STAT3 Gene (blue curve) 

 

Discussion: 

This study aimed to explore the relationship between mutations in genes associated with the 

development of six pediatric autoimmune diseases and the prognosis these mutations have in 

Non-Hodgkin's Lymphoma. Overall 22 mutations in genes associated with the development of 

pediatric autoimmune diseases were analysed for their effect on patient outcome. 

 

The presence of five of the BCL2 mutations (A60V, G8R, X96 Splice, G8E, and T56M) 

significantly decreased (p<0.05) the survival rates of these patients. Overexpression of BCL2 

proteins in Non-Hodgkin’s Lymphoma have been associated with a poorer prognosis for patients 

[38,39].  The mutations A60V, G8R, X96 Splice, and G8E could promote the aforementioned 

role which in return would explain the poor patient outcomes. In addition, T56M residue is 

phosphorylated in BCL2. [40] The effects of modification are unknown but it is suggested that 



this provides a binding site for anti-apoptosis proteins which effectively delays cell death.[40] 

The inhibition of cell death by BCL2 has been associated with tumorigenesis which could 

explain the reason for poor patient survival. [40]. However not enough research has been done 

on how these aforementioned mutations affect BCL2 pathways and the production of BCL2 

proteins. 

 

The presence of the STAT3 mutation Y640F increased the survival rate of patients (p<0.05) 

when compared to the wild type. STAT3 Y640F is known to be oncogenic [41]. Furthermore 

STAT3 is overexpressed in Non-Hodgkin’s Lymphoma which has been observed to result in 

poorer patient outcomes [42,43]. However the Y640F mutation causes a change in the protein's 

interaction with TYK2 enzyme which results in underexpression of STAT3 [44]. This could 

explain the increased survival rate observed in our study. 

 

In contrast, the presence of eight BCL2 mutations (X195 Splice, A131V, R129H, H20Q, P59S, 

G33R, H120Y, and L86F) did not significantly decrease or increase (p>0.005) patient survival. 

The mutations H120Y, L86F, G33R, P59S, H20Q, R129H, have been observed not to 

significantly change patient outcomes in follicular lymphomas (a type of Non-Hodgkin's 

Lymphoma) with a specific treatment course [45]. More research is needed to explain the role of 

the BCL2 X195 Splice mutation because due to its similar patient outcome to the wild type, it 

would suggest that X195 Splice does not cause a higher expression of BCL2 proteins, or a 

binding site for anti-apoptosis proteins.  

 



The presence of the three TP53 mutations; R175H, R249Q, N239D, three SOCS1 mutations; 

S116N,S125Y, and A16T, one FAS mutation: V220Gfs*6, and one ETS1 mutation: E17K 

displayed average patient outcome. It has been observed that TP53 mutations are prognostic 

indicators for Non-Hodgkins Lymphoma prognosis. [46] Deletion mutations in SOCS1 have 

been associated with high patient survival [47-50] , however S116N, S125Y, and A16T are 

missense mutations which could indicate that they have average outcomes. It has been suggested 

the downregulation of FasR (the protein produced by FAS) on B cells can help B cell 

lymphomas go undetected which worsens patient prognosis. [51] This would suggest that this 

mutation does not induce the underexpression of FasR. As well, it has been observed that high 

expression of ETS1 worsens patient prognosis, which would suggest E17K does not cause ETS1 

to be overexpressed. [52] More research into the effect of these mutations on their respective 

gene would have to be conducted to provide better analysis.. 

 

In conclusion there were three distinct groups of mutations that this study found, those that 

improved patient prognosis, those which decreased, and those on par. These findings can be used 

as purely prognostic information for people who develop Non-Hodgkin's lymphoma. In 

conjunction with the genetic profile of a patient, doctors will be able to better give patients a 

more accurate prognosis. In relation to the aim of the study; patients with pediatric autoimmune 

diseases would be more likely to have mutations to the genes explored in this study as mutations 

to the genes and these genes themselves are also associated with the development of pediatric 

autoimmune diseases. Depending on the mutation of the patient, this would mean that if they 

develop Non-Hodgkin's lymphoma, they are at a risk of a poorer prognosis. 
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