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4.2 Regulation of other NF-kB 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-xB family members
aside from Nfkbl1 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-kB 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-kB 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-xB 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-xB members is stage specific, since different NF-kB 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 Spil under the control of the B
cell-specific Cd19 locus on a Spib”" background (CD19%"Spi1'®"**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 Spil on a Spib” background
(Mb1*e5pi1'*1*spih7). Mb1 encodes for CD79a, a membrane glycoprotein which is
part of the BCR. The Mb1 driven Spil 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*°*Spi1'™/'**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 CD21IgM" B cell population in spleens of Mb1*c"®Spi1'**Spib” mice is
similar to the leukemic population previously described in CD19*""Spi1'*/1%*pipn™-
(Sokalski et al, 2011). Therefore, Mb1*c"®Spi1'®®*Spib” are likely prone to developing
leukemia with age, as observed in CD19°®Spi1'/*Spibh” mice (Sokalski et al, 2011).
An advantage of the Mb1*"°"Spi1'***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
Ep-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*"°"¢5pi1'*1*spih” mice would exacerbate the disease. In contrast, overexpression
of Spi-C could alleviate the disease, since overexpression of Spi-C in Ep-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*/"Spi1'**Spib”™ bone marrow. (C) Developmental block at Fraction D
(B220"1gM'CD43") in Mb1**Spi1'/*Spib?" bone marrow. (D) Absence of mature
B220*IgM" cells in the spleen of Mb1*"°"®Spi1'***Spib” mice. (E) An abnormal CD93"
immature B cell population exists in the Mb1*/*®Spi1'®/'**Spib ™ spleen. (F) The immature
B cells in Mb1***Spi1'™/'**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 Tl 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. |
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 Tl 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. Nfkbl 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.
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