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4.2 Regulation of other NF-κB family members by PU.1, Spi-B, 

and Spi-C 

It has been previously reported that PU.1 and Spi-B are involved in the 

transcriptional regulation of Rel, and it is required to maintain survival in B cells and 

allow proper development (Hu et al, 2001). Therefore, it is predicted that PU.1, Spi-B, 

and Spi-C are involved in regulating the transcription of other NF-κB family members 

aside from Nfkb1 and Rel. Re-analysis of the ChIP-seq data in WEHI-279 3XFLAG-PU.1 

and WEHI-279 3XFLAG-Spi-B cell lines confirmed that PU.1 and Spi-B bound proximal 

to the TSS of Nfkb2, Rela, Relb, and Rel (Figure 2.11). Therefore, PU.1 and Spi-B may 

be involved with the transcriptional regulation of those genes in B cells. It is 

hypothesized that Spi-C would inhibit transcriptional activation of Rel, similar to its 

effect on Nfkb1 transcription.  

Constitutive NF-κB activation is commonly seen in lymphomas (Davis et al, 

2001; Jost & Ruland, 2007). Since WEHI-279 B cells do not express Spi-C (DeKoter et 

al, 2010), down regulation of Spi-C may be one method for tumor cells maintaining high 

levels of NF-κB expression. To test if Spi-C inhibits Rel transcription, studies could be 

performed by transfecting Rel promoter-containing luciferase constructs into WEHI-279 

cell overexpressing Spi-B or Spi-C cells to determine Rel activation. Although PU.1 and 

Spi-B bind near the promoters for the NF-κB genes in WEHI-279 B cells, their 

importance in transcriptional regulation would need to be validated using expression 

constructs containing mutated ETS binding sites. Moreover, the transcriptional regulation 

of the different NF-κB members is stage specific, since different NF-κB members are 

predominantly activated depending on the cell type (Liou et al, 1994). ChIP-seq analysis 

could be performed using different types of B cell subsets to compare the differences in 

binding enrichment at various cell stages.  
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4.7 Existing conditional knockout models for PU.1 and Spi-B 

Our laboratory has generated mice with deleted Spi1 under the control of the B 

cell-specific Cd19 locus on a Spib
-/-

 background (CD19
+/cre

Spi1
lox/lox

Spib
-/-

) (Sokalski et 

al, 2011). These mice have few CD19
+
B220

+ 
B cells within the spleen. Moreover, these 

mice develop B cell acute lymphoblastic leukemia with 100% incidence by 21 weeks of 

age (Sokalski et al, 2011). Therefore, B cell deficiency in these mice combined with 

leukemia precludes the use of this model to study mature B cell function. Another 

conditional knockout model which was generated by our lab utilizes the Mb1 gene to 

drive cre-recombinase to delete floxed Spi1 on a Spib
-/-

 background 

(Mb1
+/cre

Spi1
lox/lox

Spib
-/-

). Mb1 encodes for CD79a, a membrane glycoprotein which is 

part of the BCR. The Mb1 driven Spi1 deletion resulted in an elevated fraction C cell 

population and a developmental block at the fraction D stage in the bone marrow (Figure 

4.5A-C). Spleens of Mb1
+/cre

Spi1
lox/lox

Spib
-/- 

mice contained no mature B220
+
IgM

+
 B cells 

in the spleen (Figure 4.5D), but contained an abnormal immature B220
+
CD93

+
 B cell 

population which was negative for both CD21 and IgM (Figure 4.5E-F). The 

B220
+
CD93

-
CD21

-
IgM

-
 B cell population in spleens of Mb1

+/cre
Spi1

lox/lox
Spib

-/-
 mice is 

similar to the leukemic population previously described in CD19
+/cre

Spi1
lox/lox

Spib
-/-

 

(Sokalski et al, 2011). Therefore, Mb1
+/cre

Spi1
lox/lox

Spib
-/-

 are likely prone to developing 

leukemia with age, as observed in CD19
+/cre

Spi1
lox/lox

Spib
-/-

 mice (Sokalski et al, 2011). 

An advantage of the Mb1
+/cre

Spi1
lox/lox

Spib
-/-

 mouse is that the developmental block is 

more defined than in the CD19 condition knockout. It would be possible to determine the 

effects of Spi-C at these early stages of development, since transcript levels of Spi-C rise 

during the transition from CD43
+
 (Fraction A-C) to CD43

-
 (Fraction D-F) stage (Zhu et 

al, 2008). Expression of Spi-C could have a role in the leukemia mouse models. Spi-C 

expression could be either increased or decreased by crossing leukemia prone mice to 

Eµ-Spi-C or Spib
-/-

Spic
+/-

 mice respectively. Since reduction of Spi-C increased 

proliferation in Spib
-/-

 mice, it is conceivable that decreased Spi-C levels in 

CD19
+/cre

Spi1
lox/lox

Spib
-/-

 mice would exacerbate the disease. In contrast, overexpression 

of Spi-C could alleviate the disease, since overexpression of Spi-C in Eµ-Spi-C PUB 

mice decreases B cell proliferation.  
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Figure 4.5. Impaired B cell development in mice deficient in PU.1 and Spi-B. 

(A) Bone marrow cells gated on B220 and CD43 for identifying “Hardy” B cell fractions 

in bone marrow. (B) Increased Fraction C population (BP-1
+
CD24

+
B220

+
CD43

+
) in 

Mb1
+/cre

Spi1
lox/lox

Spib
-/- 

bone marrow. (C) Developmental block at Fraction D 

(B220
+
IgM

-
CD43

-
) in Mb1

+/cre
Spi1

lox/lox
Spib

-/- 
bone marrow. (D) Absence of mature 

B220
+
IgM

+
 cells in the spleen of Mb1

+/cre
Spi1

lox/lox
Spib

-/- 
mice. (E) An abnormal CD93

hi
 

immature B cell population exists in the Mb1
+/cre

Spi1
lox/lox

Spib
-/- 

spleen. (F) The immature 

B cells in Mb1
+/cre

Spi1
lox/lox

Spib
-/- 

spleen are primarily CD21 and IgM negative. Analysis 

for A-F was performed by flow cytometry and are a representative of 3 independent 

experiments.  
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4.8 In Vivo Studies 

Proliferation studies performed in this thesis were ex vivo models. Primary B cells 

were isolated from the spleens of mice and cultured in media with TLR-ligands. The 

measured response in an in vitro culture system is a simplification a cell’s response. 

Since the B cells are no longer in their native environment, they are not in contact with 

other cell types within the confines of the structural organ, or with cytokines produced by 

other cells which could influence the response in B cells. Therefore, in vivo proliferation 

studies could be performed to further enhance the current results of this thesis. A 

common method to measure proliferation in vivo is based on 5-Bromo-2’-Deoxyuridine 

(BrdU) incorporation and detection by flow cytometry (Carayon & Bord, 1992). 

Proliferation analysis by BrdU incorporation would allow multiple B cell subsets to be 

simultaneously measured between different strains of mice, following inoculation with 

specific antigens such as DNP-KLH or DNP-LPS.  

Unfortunately for the described studies in chapter 2 and chapter 3, in vivo 

response studies could not be effectively performed since the mice were housed in a 

conventional facility. For future studies, the mice would need to be re-derived in a 

specific pathogen free animal facility for proper in vivo studies. WT, Spib
-/-

, and Spib
-/-

Spic
+/-

 mice immunized for DNP-KLH or DNP-LPS would be used to differentiate 

differences in TD and TI immune responses respectively. Flow cytometry and 

immunohistochemistry analysis could be performed on the spleen and lymph nodes to 

assess differences in germinal center formation. Anti-DNP-KLH or anti-DNP-LPS 

ELISAs could determine differences in antibody production using serum collected from 

mice. Immunization studies performed in Spib
-/-

Spic
+/-

 mice would determine whether 

Spi-C has an effect on germinal center formation, or antibody production. 
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4.9 Significance of these studies 

ETS transcription factors are likely involved with transcriptionally regulating 

BCR and TLR signaling genes. Since TLR and BCR signaling are both required for 

optimal antibody responses, PU.1, Spi-B, and Spi-C can potentially regulate antibody 

formation. Studying the regulatory interactions between TLR and BCR signaling will 

allow improved predictions of B cell responses during immunization approaches. 

Determining the genes essential for antibody formation could provide therapeutic 

interventions for immunodeficiencies, or improve development of effective vaccines. 

Determining how B cells respond to different antigens can lead to novel developments of 

vaccine adjuvants or synthetic vaccines designed to activate appropriate amounts of TLR 

and BCR signaling.  

Proper levels of Spi-C likely need to be regulated during B cell development. I 

hypothesize that reduced Spi-C levels can alter B cell function during development 

through the transitional B cell stages. Peripheral tolerance of B cells may be regulated by 

Spi-C through BCR signaling genes. Spi-C may negatively regulate genes involved in 

BCR signaling, which can affect the differentiation of T1 to T2 B cells. The 

developmental block at the T2 stage in Spib
-/-

 mice could result from a combination of 

Spi-B failing to activate BCR signaling genes, and Spi-C inhibiting those same genes. 

Reduced Spi-C expression could potentially alleviate defects in antibody production 

observed in Spib
-/-

 mice. It is possible that as Spic
-/- 

mice age, these mice could be prone 

to developing autoimmune or leukemic diseases due to an accumulation of T1 B cells and 

a failure of peripheral tolerance.  

 

4.10 Concluding Remarks  

The long-term goal of this research is to understand how ETS transcription factors 

regulate B cell development and control immune responses to TI and TD antigens. The 

studies presented in this thesis demonstrate the importance of the ETS transcription 

factors PU.1, Spi-B, and Spi-C in directly regulating Nfkb1 transcription, which is highly 

involved in humoral immune responses and B cell development. The network of 
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transcription factors regulating other transcription factors gives appreciable insight to the 

complexity of gene regulation. 

Studies on Spi-C are still at their infancy. Most published studies have attributed 

Spi-C towards a function in macrophages, but its expression is not limited to one 

particular cell type.  By determining that Spi-C has a negative regulatory role in B cell 

development and function, our study provides new insight on how PU.1 and Spi-B target 

genes are regulated. Nfkb1 is one of many genes likely regulated in opposing fashion 

between PU.1/Spi-B and Spi-C. Genes activated by PU.1 and Spi-B during antibody 

responses, drug treatments, and cancer growth could all be influenced by Spi-C’s 

inhibition. Hopefully, the advancement of this work yields new questions and answers in 

the fields of transcriptional regulation and B cell biology.  



149 

 

References 

 

Alberghini F, Petrocelli V, Rahmat M, Casola S (2015) An epigenetic view of B-cell 

disorders. Immunology and cell biology 93: 253-260 

 

Allen RC, Armitage RJ, Conley ME, Rosenblatt H, Jenkins NA, Copeland NG, Bedell 

MA, Edelhoff S, Disteche CM, Simoneaux DK, et al. (1993) CD40 ligand gene defects 

responsible for X-linked hyper-IgM syndrome. Science 259: 990-993 

 

Back J, Allman D, Chan S, Kastner P (2005) Visualizing PU.1 activity during 

hematopoiesis. Experimental hematology 33: 395-402 

 

Baeuerle PA, Baltimore D (1988) I kappa B: a specific inhibitor of the NF-kappa B 

transcription factor. Science 242: 540-546 

 

Barber CL, Montecino-Rodriguez E, Dorshkind K (2011) Reduced production of B-1-

specified common lymphoid progenitors results in diminished potential of adult marrow 

to generate B-1 cells. Proceedings of the National Academy of Sciences of the United 

States of America 108: 13700-13704 

 

Bartel FO, Higuchi T, Spyropoulos DD (2000) Mouse models in the study of the Ets 

family of transcription factors. Oncogene 19: 6443-6454 

 

Baumgarth N (2011) The double life of a B-1 cell: self-reactivity selects for protective 

effector functions. Nature reviews Immunology 11: 34-46 

 

Beg AA, Sha WC, Bronson RT, Ghosh S, Baltimore D (1995) Embryonic lethality and 

liver degeneration in mice lacking the RelA component of NF-kappa B. Nature 376: 167-

170 

 



150 

 

Bekeredjian-Ding I, Jego G (2009) Toll-like receptors--sentries in the B-cell response. 

Immunology 128: 311-323 

 

Bell JK, Botos I, Hall PR, Askins J, Shiloach J, Segal DM, Davies DR (2005) The 

molecular structure of the Toll-like receptor 3 ligand-binding domain. Proceedings of the 

National Academy of Sciences of the United States of America 102: 10976-10980 

 

Bell S, Matthews JR, Jaffray E, Hay RT (1996) I(kappa)B(gamma) inhibits DNA binding 

of NF-kappaB p50 homodimers by interacting with residues that contact DNA. 

Molecular and cellular biology 16: 6477-6485 

 

Bemark M, Martensson A, Liberg D, Leanderson T (1999) Spi-C, a novel Ets protein that 

is temporally regulated during B lymphocyte development. The Journal of biological 

chemistry 274: 10259-10267 

 

Blankenberg D, Von Kuster G, Coraor N, Ananda G, Lazarus R, Mangan M, Nekrutenko 

A, Taylor J (2010) Galaxy: a web-based genome analysis tool for experimentalists. Curr 

Protoc Mol Biol Chapter 19: Unit 19 10 11-21 

 

Bone H, Williams NA (2001) Antigen-receptor cross-linking and lipopolysaccharide 

trigger distinct phosphoinositide 3-kinase-dependent pathways to NF-kappa B activation 

in primary B cells. International immunology 13: 807-816 

 

Botos I, Segal DM, Davies DR (2011) The structural biology of Toll-like receptors. 

Structure 19: 447-459 

 

Bouaziz JD, Le Buanec H, Saussine A, Bensussan A, Bagot M (2012) IL-10 producing 

regulatory B cells in mice and humans: state of the art. Current molecular medicine 12: 

519-527 

 



151 

 

Brass AL, Zhu AQ, Singh H (1999) Assembly requirements of PU.1-Pip (IRF-4) 

activator complexes: inhibiting function in vivo using fused dimers. The EMBO journal 

18: 977-991 

 

Browne EP (2012) Regulation of B-cell responses by Toll-like receptors. Immunology 

136: 370-379 

 

Buchner M, Swaminathan S, Chen Z, Muschen M (2015) Mechanisms of pre-B-cell 

receptor checkpoint control and its oncogenic subversion in acute lymphoblastic 

leukemia. Immunological reviews 263: 192-209 

 

Burger JA, Chiorazzi N (2013) B cell receptor signaling in chronic lymphocytic 

leukemia. Trends in immunology 34: 592-601 

 

Caamano JH, Rizzo CA, Durham SK, Barton DS, Raventos-Suarez C, Snapper CM, 

Bravo R (1998) Nuclear factor (NF)-kappa B2 (p100/p52) is required for normal splenic 

microarchitecture and B cell-mediated immune responses. The Journal of experimental 

medicine 187: 185-196 

 

Carayon P, Bord A (1992) Identification of DNA-replicating lymphocyte subsets using a 

new method to label the bromo-deoxyuridine incorporated into the DNA. Journal of 

immunological methods 147: 225-230 

 

Care MA, Cocco M, Laye JP, Barnes N, Huang Y, Wang M, Barrans S, Du M, Jack A, 

Westhead DR, Doody GM, Tooze RM (2014) SPIB and BATF provide alternate 

determinants of IRF4 occupancy in diffuse large B-cell lymphoma linked to disease 

heterogeneity. Nucleic acids research 42: 7591-7610 

 

Cariappa A, Liou HC, Horwitz BH, Pillai S (2000) Nuclear factor kappa B is required for 

the development of marginal zone B lymphocytes. The Journal of experimental medicine 

192: 1175-1182 



152 

 

 

Carlsson R, Hjalmarsson A, Liberg D, Persson C, Leanderson T (2002) Genomic 

structure of mouse SPI-C and genomic structure and expression pattern of human SPI-C. 

Gene 299: 271-278 

 

Carlsson R, Persson C, Leanderson T (2003) SPI-C, a PU-box binding ETS protein 

expressed temporarily during B-cell development and in macrophages, contains an acidic 

transactivation domain located to the N-terminus. Molecular immunology 39: 1035-1043 

 

Carlsson R, Thorell K, Liberg D, Leanderson T (2006) SPI-C and STAT6 can cooperate 

to stimulate IgE germline transcription. Biochemical and biophysical research 

communications 344: 1155-1160 

 

Carotta S, Wu L, Nutt SL (2010) Surprising new roles for PU.1 in the adaptive immune 

response. Immunological reviews 238: 63-75 

 

Castellanos MC, Munoz C, Montoya MC, Lara-Pezzi E, Lopez-Cabrera M, de Landazuri 

MO (1997) Expression of the leukocyte early activation antigen CD69 is regulated by the 

transcription factor AP-1. Journal of immunology 159: 5463-5473 

 

Cesta MF (2006) Normal structure, function, and histology of the spleen. Toxicologic 

pathology 34: 455-465 

 

Chan O, Shlomchik MJ (1998) A new role for B cells in systemic autoimmunity: B cells 

promote spontaneous T cell activation in MRL-lpr/lpr mice. Journal of immunology 160: 

51-59 

 

Chen FE, Huang DB, Chen YQ, Ghosh G (1998) Crystal structure of p50/p65 

heterodimer of transcription factor NF-kappaB bound to DNA. Nature 391: 410-413 

 



153 

 

Chung JB, Silverman M, Monroe JG (2003) Transitional B cells: step by step towards 

immune competence. Trends in immunology 24: 343-349 

 

Ciau-Uitz A, Wang L, Patient R, Liu F (2013) ETS transcription factors in hematopoietic 

stem cell development. Blood cells, molecules & diseases 51: 248-255 

 

Claudio E, Brown K, Park S, Wang H, Siebenlist U (2002) BAFF-induced NEMO-

independent processing of NF-kappa B2 in maturing B cells. Nature immunology 3: 958-

965 

 

Cogswell PC, Scheinman RI, Baldwin AS, Jr. (1993) Promoter of the human NF-kappa B 

p50/p105 gene. Regulation by NF-kappa B subunits and by c-REL. Journal of 

immunology 150: 2794-2804 

 

Conley ME, Dobbs AK, Farmer DM, Kilic S, Paris K, Grigoriadou S, Coustan-Smith E, 

Howard V, Campana D (2009) Primary B cell immunodeficiencies: comparisons and 

contrasts. Annual review of immunology 27: 199-227 

 

Conley ME, Mathias D, Treadaway J, Minegishi Y, Rohrer J (1998) Mutations in btk in 

patients with presumed X-linked agammaglobulinemia. American journal of human 

genetics 62: 1034-1043 

 

Cunningham-Rundles C, Bodian C (1999) Common variable immunodeficiency: clinical 

and immunological features of 248 patients. Clinical immunology 92: 34-48 

 

Dahl R, Ramirez-Bergeron DL, Rao S, Simon MC (2002) Spi-B can functionally replace 

PU.1 in myeloid but not lymphoid development. The EMBO journal 21: 2220-2230 

 

Dasari P, Nicholson IC, Hodge G, Dandie GW, Zola H (2005) Expression of toll-like 

receptors on B lymphocytes. Cellular immunology 236: 140-145 

 



154 

 

Davis RE, Brown KD, Siebenlist U, Staudt LM (2001) Constitutive nuclear factor 

kappaB activity is required for survival of activated B cell-like diffuse large B cell 

lymphoma cells. The Journal of experimental medicine 194: 1861-1874 

 

Davis RE, Ngo VN, Lenz G, Tolar P, Young RM, Romesser PB, Kohlhammer H, Lamy 

L, Zhao H, Yang Y, Xu W, Shaffer AL, Wright G, Xiao W, Powell J, Jiang JK, Thomas 

CJ, Rosenwald A, Ott G, Muller-Hermelink HK, Gascoyne RD, Connors JM, Johnson 

NA, Rimsza LM, Campo E, Jaffe ES, Wilson WH, Delabie J, Smeland EB, Fisher RI, 

Braziel RM, Tubbs RR, Cook JR, Weisenburger DD, Chan WC, Pierce SK, Staudt LM 

(2010) Chronic active B-cell-receptor signalling in diffuse large B-cell lymphoma. 

Nature 463: 88-92 

 

DeKoter RP, Geadah M, Khoosal S, Xu LS, Thillainadesan G, Torchia J, Chin SS, 

Garrett-Sinha LA (2010) Regulation of follicular B cell differentiation by the related E26 

transformation-specific transcription factors PU.1, Spi-B, and Spi-C. Journal of 

immunology 185: 7374-7384 

 

DeKoter RP, Singh H (2000) Regulation of B lymphocyte and macrophage development 

by graded expression of PU.1. Science 288: 1439-1441 

 

Divanovic S, Trompette A, Atabani SF, Madan R, Golenbock DT, Visintin A, Finberg 

RW, Tarakhovsky A, Vogel SN, Belkaid Y, Kurt-Jones EA, Karp CL (2005) Negative 

regulation of Toll-like receptor 4 signaling by the Toll-like receptor homolog RP105. 

Nature immunology 6: 571-578 

 

Doi TS, Marino MW, Takahashi T, Yoshida T, Sakakura T, Old LJ, Obata Y (1999) 

Absence of tumor necrosis factor rescues RelA-deficient mice from embryonic lethality. 

Proceedings of the National Academy of Sciences of the United States of America 96: 

2994-2999 

 



155 

 

Donahue AC, Fruman DA (2003) Proliferation and survival of activated B cells requires 

sustained antigen receptor engagement and phosphoinositide 3-kinase activation. Journal 

of immunology 170: 5851-5860 

 

Ehlich A, Schaal S, Gu H, Kitamura D, Muller W, Rajewsky K (1993) Immunoglobulin 

heavy and light chain genes rearrange independently at early stages of B cell 

development. Cell 72: 695-704 

 

Escalante CR, Brass AL, Pongubala JM, Shatova E, Shen L, Singh H, Aggarwal AK 

(2002) Crystal structure of PU.1/IRF-4/DNA ternary complex. Molecular cell 10: 1097-

1105 

 

Eyquem S, Chemin K, Fasseu M, Chopin M, Sigaux F, Cumano A, Bories JC (2004) The 

development of early and mature B cells is impaired in mice deficient for the Ets-1 

transcription factor. European journal of immunology 34: 3187-3196 

 

Ferguson AR, Corley RB (2005) Accumulation of marginal zone B cells and accelerated 

loss of follicular dendritic cells in NF-kappaB p50-deficient mice. BMC immunology 6: 8 

 

Franzoso G, Carlson L, Poljak L, Shores EW, Epstein S, Leonardi A, Grinberg A, Tran 

T, Scharton-Kersten T, Anver M, Love P, Brown K, Siebenlist U (1998) Mice deficient 

in nuclear factor (NF)-kappa B/p52 present with defects in humoral responses, germinal 

center reactions, and splenic microarchitecture. The Journal of experimental medicine 

187: 147-159 

 

Fugier-Vivier I, de Bouteiller O, Guret C, Fossiez F, Banchereau J, Mattei MG, Ait-

Yahia S, Garcia E, Lebecque S, Liu YJ (1997) Molecular cloning of human RP105. 

European journal of immunology 27: 1824-1827 

 

Fuleihan RL (1998) The X-linked hyperimmunoglobulin M syndrome. Seminars in 

hematology 35: 321-331 



156 

 

 

Garrett-Sinha LA (2013) Review of Ets1 structure, function, and roles in immunity. 

Cellular and molecular life sciences : CMLS 70: 3375-3390 

 

Garrett-Sinha LA, Hou P, Wang D, Grabiner B, Araujo E, Rao S, Yun TJ, Clark EA, 

Simon MC, Clark MR (2005) Spi-1 and Spi-B control the expression of the Grap2 gene 

in B cells. Gene 353: 134-146 

 

Garrett-Sinha LA, Su GH, Rao S, Kabak S, Hao Z, Clark MR, Simon MC (1999) PU.1 

and Spi-B are required for normal B cell receptor-mediated signal transduction. Immunity 

10: 399-408 

 

Gay D, Saunders T, Camper S, Weigert M (1993) Receptor editing: an approach by 

autoreactive B cells to escape tolerance. The Journal of experimental medicine 177: 999-

1008 

 

Genestier L, Taillardet M, Mondiere P, Gheit H, Bella C, Defrance T (2007) TLR 

agonists selectively promote terminal plasma cell differentiation of B cell subsets 

specialized in thymus-independent responses. Journal of immunology 178: 7779-7786 

 

Gerondakis S, Grumont RJ, Banerjee A (2007) Regulating B-cell activation and survival 

in response to TLR signals. Immunology and cell biology 85: 471-475 

 

Giardine B, Riemer C, Hardison RC, Burhans R, Elnitski L, Shah P, Zhang Y, 

Blankenberg D, Albert I, Taylor J, Miller W, Kent WJ, Nekrutenko A (2005) Galaxy: a 

platform for interactive large-scale genome analysis. Genome Res 15: 1451-1455 

 

Goecks J, Nekrutenko A, Taylor J (2010) Galaxy: a comprehensive approach for 

supporting accessible, reproducible, and transparent computational research in the life 

sciences. Genome Biol 11: R86 

 



175 

 

progenitor lacking B-2 potential. Proceedings of the National Academy of Sciences of the 

United States of America 108: 1468-1473 

 

Zhang Y, Liu T, Meyer CA, Eeckhoute J, Johnson DS, Bernstein BE, Nusbaum C, Myers 

RM, Brown M, Li W, Liu XS (2008) Model-based analysis of ChIP-Seq (MACS). 

Genome Biol 9: R137 

 

Zhu X, Schweitzer BL, Romer EJ, Sulentic CE, DeKoter RP (2008) Transgenic 

expression of Spi-C impairs B-cell development and function by affecting genes 

associated with BCR signaling. European journal of immunology 38: 2587-2599 



177 

 

Appendix B. Permission request for reproducing published manuscript represented in 

chapter 2. 

 



178 

 

Appendix C. Permissions of copyright transfer for reproducing published manuscript 

represented in chapter 3. 



179 

 

Curriculum Vitae - Stephen K. H. Li 

ACADEMIC HISTORY 

Doctor of Philosophy (Ph.D.) in Microbiology and Immunology  (2015) 

 Microbiology and Immunology, Specialization in Developmental Biology 

 Department of Microbiology and Immunology, Western University 

 Collaborative Graduate Program in Developmental Biology, Western University 

 Supervisor: Dr. Rodney P. DeKoter 

Honors Bachelor of Medical Sciences, Specialization in Microbiology and Immunology  (2010) 

 Distinction and Western Scholars 

 Department of Microbiology and Immunology, University of Western Ontario  

HONORS AND AWARDS 

 Ontario Graduate Scholarship, Western University ($15,000)  (2014) 

 

 American Association of Immunologists (AAI) Trainee Poster Award,  (2014) 

2014 AAI annual meeting, Pittsburgh, Pennsylvania, USA ($300) 

 The Canadian Society for Immunology Travel Award,  (2014) 

27
th

 Annual CSI Conference, Quebec City, Quebec ($500)  

 

 Queen Elizabeth II Graduate Scholarship in Science and Technology,  (2014) 

Western University ($15,000) 

 Microbiology and Immunology Graduate Student Travel Award,  (2011-2014) 

Western University ($1000/year) 

 The Canadian Society for Immunology Poster Award  (2011) 

24
th

 Annual CSI Conference, Lake Louise, Alberta ($100) 

 Industrial NSERC Undergraduate Student Research Award,  (2009) 

Pharma Research Toronto – Hoffman-La Roche Ltd, Toronto, Ontario ($4500) 

 Industrial NSERC Undergraduate Student Research Award,  (2008) 

Arius Research Inc, Toronto, Ontario ($4500) 

 Dean’s Honor list, Western University  (2007-2010) 

 

 Western Scholarship of Distinction, Western University ($1500)  (2007) 

INDUSTRIAL RESEARCH EXPERIENCE 

Pharma Research Toronto – Hoffman-La Roche Ltd, Toronto, Ontario,  (05/2009-08/2009) 

In Vivo division  

Arius Research Inc, Toronto, Ontario,  (05/2009-08/2009) 

Assay support division  

 



180 

 

TEACHING EXPERIENCE 

Department of Microbiology and Immunology, Western University, (2012-2015)  

Teaching Assistant - MicroImm 3600G 

PUBLICATIONS 

1. Stephen K. H. Li, Ali K. Abbas, Lauren A. Solomon, Gaëlle M.N. Groux, and Rodney 

P. DeKoter. 2015. Nfkb1 Activation by the ETS Transcription Factors PU.1 and Spi-B 

Promotes Toll-Like Receptor-Mediated Splenic B cell Proliferation. Molecular and 

Cellular Biology. 35(9):1619-1632.  

2. Stephen K. H. Li,
 
Lauren A. Solomon,

 
Patricia C. Fulkerson,

 
and Rodney P. DeKoter. 

2015. Identification of a negative regulatory role for Spi-C in the murine B cell lineage. 

Journal of Immunology. 194:3798-3807. 

3. Lauren A. Solomon, Stephen K. H. Li, Jan Piskorz, Li S. Xu and Rodney P. 

DeKoter. 2014. Genome-wide comparison of PU.1 and Spi-B binding sites in a mouse 

B lymphoma cell line. BMC Genomics. 16:76. doi:10.1186/s12864-015-1303-0. 

4. Darah A. Christie, Li S. Xu, Shereen A. Turkistany, Lauren A. Solomon, Stephen K. H. 

Li, Edmund Yim, Ian Welch, Gillian I. Bell, David A. Hess and Rodney P. DeKoter. 

2015. PU.1 opposes IL-7-dependent proliferation of developing B cells with 

involvement of the direct target gene Bruton Tyrosine Kinase. Journal of Immunology. 

194(2):595-605. 

5. Kristen M. Sokalski, Stephen K. H. Li, Ian Welch, Heather-Anne T. Cadieux-Pitre, 

Marek R. Gruca, and Rodney P. DeKoter.  2011. Deletion of genes encoding PU.1 

and Spi-B in B cells impairs differentiation and induces pre-B cell acute 

lymphoblastic leukemia. Blood. 118:2801-2808. 

 

CONFERENCE MEETINGS – ORAL PRESENTATIONS 

 
 Li, S. K. H.,

 
Solomon, L.A.,

 
Fulkerson,

 
P.C., and DeKoter, R. P.  2014. Identification 

of a negative regulatory role for Spi-C in the murine B cell lineage. Keystone 

Symposia - The Golden Anniversary of B cell Discovery, Banff, Alberta. 

(2015) 

 Li, S. K. H., Abbas, A. K., and DeKoter, R. P. Toll-like Receptor-Mediated Splenic B 

cell Proliferation Requires Activation of Nfkb1 by the Related ETS Transcription 

Factors PU.1 and Spi-B. 5th Annual Developmental Biology Research Day, London, 

Ontario.  

(2013) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor (TLR) Signalling by 

Transcription Factors PU.1 and Spi-B in Splenic B cells. 24
th

 Annual Canadian 

Society for Immunology Conference, Lake Louise, Alberta. 

(2011) 

 

CONFERENCE MEETINGS – POSTER PRESENTATIONS 

 
 Li, S. K. H.,

 
Solomon, L.A.,

 
Fulkerson,

 
P.C., and DeKoter, R. P.  2014. Identification 

of a negative regulatory role for Spi-C in the murine B cell lineage. Keystone 

Symposia - The Golden Anniversary of B cell Discovery, Banff, Alberta. 

(2015) 

 Li, S. K. H. and DeKoter, R. P. Novel Role of the ETS Transcription Factor Spi-C in 

B Cell Development and Function. 6th Annual Developmental Biology Research 

Day, London, Ontario. 

(2014) 

 Li, S. K. H. and DeKoter, R. P. Novel Role of the ETS Transcription Factor Spi-C in 

B Cell Development and Function. The American Asociation of Immunologists 

(AAI) Annual Meeting, Pittsburgh, Pennsylvania.    

(2014) 

 Li, S. K. H. and DeKoter, R. P. Novel Role of the ETS Transcription Factor Spi-C in 

B Cell Development and Function. 27
th

 Annual Canadian Society for Immunology 

Conference, Québec City, Québec. 

(2014) 



181 

 

 Li, S. K. H. and DeKoter, R. P. Novel Role of the ETS Transcription Factor Spi-C in 

B Cell Development. 8
th
 annual meeting of the Infection and Immunity Research 

Forum, London, Ontario. 

(2013) 

 Li, S. K. H., Abbas, A. K., and DeKoter, R. P. Toll-like Receptor-Mediated Splenic 

B cell Proliferation Requires Activation of Nfkb1 by the Related ETS Transcription 

Factors PU.1 and Spi-B. 2013 London Health Research Day, London, Ontario.  

(2013) 

 Li, S. K. H. and DeKoter, R. P. Toll-like Receptor-Mediated Splenic B cell 

Proliferation Requires Activation of Nfkb1 by the Related ETS Transcription Factors 

PU.1 and Spi-B. Keystone Symposia – B cell Development and Function, Keystone, 

Colorado, USA.  

(2013) 

 Li, S. K. H. and DeKoter, R. P. Toll-like Receptor-Mediated Splenic B cell 

Proliferation Requires Activation of Nfkb1 by the Related ETS Transcription Factors 

PU.1 and Spi-B. 7
th

 Annual meeting of the Infection and Immunity Research Forum, 

London, Ontario.  

(2012) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor Mediated Splenic B 

cell Proliferation by the Related ETS Transcription Factors PU.1 and Spi-B. 25
th
 

Annual Canadian Society for Immunology Conference, St. John’s, Newfoundland.  

(2012) 

 Li, S. K. H. and DeKoter, R. P.  Regulation of Toll-like Receptor Mediated Splenic B 

cell Proliferation by the Related ETS Transcription Factors PU.1 and Spi-B. 2012 

London Health Research Day, London, Ontario.  

(2012) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor Mediated Splenic B 

cell Proliferation by the Related ETS Transcription Factors PU.1 and Spi-B. 6
th
 

Annual Meeting of the Infection and Immunity Research Forum, London, Ontario.  

(2011) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor (TLR) Signalling by 

Transcription Factors PU.1 and Spi-B in Splenic B cells. 24
th

 Annual Canadian 

Society for Immunology Conference, Lake Louise, Alberta. (Recipient of $100 CSI 

Poster award) 

(2011) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor (TLR) Signalling by 

Transcription Factors PU.1 and Spi-B in Splenic B cells. 2011 Margaret Moffat 

Research Day, London, Ontario.  

(2011) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor (TLR) Signalling by 

PU.1 and Spi-B Transcription Factors in Splenic B cells. 2011 Great Lakes 

Mammalian Development Meeting, Toronto, Ontario.  

(2011) 

 Li, S. K. H. and DeKoter, R. P. Regulation of Toll-like Receptor (TLR) Signalling by 

PU.1 and Spi-B Transcription Factors in Splenic B cells. 5th Annual Meeting of the 

Infection and Immunity Research Forum, London, Ontario.  

(2010) 

 


