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TLR/MYD88 signaling promotes HCK expression in B-cell

lymphoma cells.

Our data indicate PAX5 along with mutated MYD88 trigger

transcription factors STAT3, NF-kB and AP-1 to orchestrate

aberrant HCK expression. The findings provide a

framework for efforts directed at blocking MYD88 triggered

HCK survival signaling in MYD88 mutated B-cell

lymphomas.

To clarify whether HCK expression is regulated by TLR/MYD88

signaling, we performed activation studies using triggers of

TLR9 (ODN-2006) and TLR4 (LPS-EP) signaling in MYD88 wild-

type or mutated B-cell lymphoma cells. To better understand

the mechanism for the aberrant upregulation of HCK

transcription in MYD88 mutated B-cell lymphoma cells, we

performed promoter-binding Transcription factor (TF) profiling

in BCWM.1 cells, and performed Chromatin Immuno-

precipitation (ChIP) assays in MYD88 mutated WM (BCWM.1,

MWCL-1) and ABC-DLBCL (TMD-8, HBL-1, OCI-Ly3) cells that

highly express HCK transcripts, as well as wild type MYD88

expressing GCB-DLBCL (OCI-Ly7, OCI-Ly19) cells that show

low HCK transcription. Lentiviral over-expression of MYD88L265P

or MYD88WT in BCWM.1 or Ramos cell lines; or knockdown of

MYD88, PAX5 and JunB were conducted in WM and ABC-

DLBCL cell lines, BCWM.1 and TMD8 respectively.

Figure 2. HCK promoter binding transcription 

factor profiling

Stimulation of 

TLR/MYD88 

signaling and 

overexpression of 

MYD88L265P

increased both HCK 

transcript and 

protein levels, 

particularly in 

MYD88WT expressing 

B-cell lymphoma 

cells thereby 

demonstrating the 

importance of 

TLR/MYD88 

signaling in driving

HCK transcription is PAX5 dependent in MYD88 mutated WM and

ABC-DLBCL cells.

Deletion of TF consensus binding site on HCK promoter

reduces HCK promoter activity.

Figure 6. HCK 

promoter 

activities and 

corresponding 

TF binding are 

reduced by the 

deletion of TF 

binding sites 

for AP1, NF-kB 

and STAT3.

We also developed an HCK promoter driven luciferase reporter

vector (WT) with mutated AP-1 binding (AP1-mut-1~6), NF-kB

binding (NFkB-mut-1~5), and STAT3 binding (STAT3-mut) sites

and investigated their impact on HCK promoter activity in MYD88

mutated BCWM.1 and TMD-8 cells. A TF pull-down assay was

performed using biotin labeled HCK promoter or corresponding

TF binding site mutants.

Figure 4. 
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transcription 
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HCK, a SRC family kinase that is commonly expressed

in earlier B-cell progenitors and down-regulated in

mature B-cells, is aberrantly over-expressed and hyper-

activated in MYD88 mutated B-cell lymphoma cells.

HCK triggers multiple growth and survival pathways

including BTK, AKT and ERK1/2 which are essential to

MYD88 mutated WM and ABC-DLBCL cell survival.

Ibrutinib, a pleiotropic BTK inhibitor that also potently

inhibits HCK, produces remarkable responses in

MYD88 mutated WM and ABC-DLBCL. Mutations that

abolish inhibitor-HCK binding greatly diminish anti-

tumor activities of an HCK inhibitor, A419259 and

ibrutinib in WM and ABC-DLBCL cells, highlighting the

importance of HCK as an essential target of ibrutinib in

MYD88 driven diseases (Yang et al, Blood 2016).

However, little is known about the transcriptional

regulation of HCK in MYD88 mutated malignancies.

Such information could provide important new insights

into MYD88 related oncogenesis and development of

targeted therapeutics.

nuclear extracts. The signals of many other TFs that can be

regulated by STAT3, NF-kB (AP1, C\EBP, NF-kB) and MAPK (AP1,

C\EBP, CREB, NF-1) signaling were also reduced (Figure 2.).

These results indicate that PAX5 and mutated MYD88 directed

STAT3, NF-kB and AP-1 TFs bind to endogenous HCK promoter

sequence. In addition, PROMO analysis predicted binding of

STAT3 (1 binding site), NF-κB (5 sites), and AP-1 (6 binding sites)

to the HCK promoter

HCK promoter-binding TF profiling 

indicates PAX5 and mutated 

MYD88 directed signaling regulate 

HCK transcription in MYD88 

mutated cells.

Figure 1. HCK mRNA and protein levels following

the stimulation of TLRs and the overexpression

of MYD88L265P in B-cell lymphoma cell lines.

Figure 3. Knockdown of PAX5 reduces HCK

transcription in MYD88 mutated WM cell

line, BCWM.1 and ABC-DLBCL cell line

TMD-8 cells.

Knockdown of PAX5 reduced

HCK mRNA and protein level in

BCWM.1 and TMD-8 cells

indicating an activating function

of PAX5 in the regulation of HCK

expression (Figure 3.).

ChIP study indicates transcription factors STAT3, NF-kB and

AP1 directly bind to HCK promoter.

ChIP results indicate NFkB-p65, JunB and STAT3 bound more

robustly to the HCK promoter in MYD88 mutated WM (BCWM.1,

MWCL-1) and ABC-DLBCL (TMD-8, HBL-1, OCI-Ly3) cells versus

MYD88 wild type GCB DLBCL (OCI-Ly7, OCI-Ly19) cell lines,

while c-Jun bound more abundantly to the HCK promoter

sequence in all DLBCL cell lines, regardless of MYD88 mutation

status. (Figure 4.).

The deletion of AP-1, NF-kB and STAT3 binding sites on

HCK promoter reduced HCK promoter activity, thereby

supporting a role for AP-1, NF-kB and STAT3 in HCK gene

expression in MYD88 mutated cells. (Figure 5.) Treatment

of BCWM.1 and TMD-8 cells with inhibitors of AP-1, NF-kB

and STAT3 decreased HCK promoter activities by luciferase

reporter assay, as well as endogenous HCK mRNA

transcription levels in MYD88 mutated cells.

The promoter-binding TF profiling 

using nuclear extracts of BCWM.1 

or LPS stimulated BCWM.1 cells, 

with/without HCK promoter 

sequences. Among the TFs, PAX5 

signal was reduced the most by 

the addition of HCK promoter into

HCK expression.

JunB is activated by mutated MYD88 and responsible for 

HCK transcription regulation.  

Over-expression of MYD88L265P but not MYD88WT activated

JunB, conversely the phosphorylation of JunB was

reduced following MYD88 knockdown in MYD88 mutated

cells. Knockdown of JunB reduced HCK expression in

MYD88 mutated cells.

Knockdown of MYD88 in BCWM.1 cells (B). Knockdown of

Figure 5. over-

expression of 

MYD88L265P and 

MYD88WT in 

BCWM.1 and 

Ramos cells (A). 

JunB in BCWM.1 and TMD8 cells (C) 


