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ABSTRACT:B-cell lymphoma 6 (BCL6) inhibition is a promising mechanism for treating hematological cancers but high
quality chemical probes are necessary to evaluate its therapeutic potential. Here we report potent BCL6 inhibitors that
demonstrate cellular target engagement and exhibit exquisite selectivity for BCL6 based on mass spectrometry analyses
following chemical proteomic pull down. Importantly, a proteolysis-targeting chimera (PROTAC) was also developed and
shown to signi� cantly degrade BCL6 in a number of di� use large B-cell lymphoma (DLBCL) cell lines, but neither BCL6
inhibition nor degradation selectively induced marked phenotypic response. To investigate, we monitored PROTAC directed
BCL6 degradation in DLBCL OCI-Ly1 cells by immuno� uorescence and discovered a residual BCL6 population. Analysis of
subcellular fractions also showed incomplete BCL6 degradation in all fractions despite having measurable PROTAC
concentrations, together providing a rationale for the weak antiproliferative response seen with both BCL6 inhibitor and
degrader. In summary, we have developed potent and selective BCL6 inhibitors and a BCL6 PROTAC that e� ectively degraded
BCL6, but both modalities failed to induce a signi� cant phenotypic response in DLBCL despite achieving cellular
concentrations.

The transcriptional repressor B-cell lymphoma 6 (BCL6) is
required for germinal center (GC) formation and

maintenance during the humoral immune response but has
also been implicated to play a role in lymphomas derived from
GC B-cells. Given the role of BCL6 in blocking cell cycle
progression and attenuating DNA damage response to
promote antibody a� nity maturation in antigen activated B-
cells,1 it is plausible to hypothesize that deregulating BCL6
would lead to maintenance of a highly proliferative GC
phenotype with accumulating DNA damage, eventually leading

to malignant transformation. Indeed, BCL6 was found to be
deregulated in di� use large B-cell lymphoma (DLBCL) and
follicular lymphoma cancers through a number of genetic
alterations,2,3 and its oncogenic potential was validated in
transgenic mice constitutively expressing I� HA-BCL6 even-
tually developing lethal DLBCL-like tumors.4 Furthermore,
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BCL6 dependency in the disease setting was demonstrated
through BCL6 shRNA-induced lethality in DLBCL cell lines,1

while small molecule BCL6 inhibitors based on a promiscuous
inhibitor class5 and peptidomimetic6 inhibitors have been
reported to lead to an antiproliferative phenotype in DLBCL.
Consequently, BCL6 has been proposed as an attractive cancer
therapeutic target,7 but as many cancer targets do not ful� ll the
promise of their preclinical data,8 there is a need for potent and
selective tools to improve understanding of the BCL6
inhibition phenotype in DLBCL.

The proteinŠprotein interaction (PPI) between a homo-
dimer of the N-terminal broad-complex, tramtrack and bric a
brac (BTB) domain of BCL6 and co-repressors silencing
mediator for retinoid or thyroid-hormone receptors (SMRT),
nuclear receptor co-repressor (NCOR), and BCL6 co-
repressor (BCOR)9,10 leads to the repression of genes through

which the survival and proliferation e� ects of GC B-cells is
allowed to progress.11 Within medicinal chemistry, PPI
inhibition provides a signi� cant challenge,12 potentially
explaining the lack of BCL6 inhibitors published to date.
Recently, a high a� nity BCL6-binding peptide has been
reported,13 as well as a fragment-screen derived small molecule
binder.14 We also recently reported high a� nity, selective small
molecule cellular probes for BCL6, but they failed to
demonstrate a signi� cant BCL6 dependent antiproliferative
e� ect in DLBCL cell lines.15 Here, we present a new series of
high activity, selective small molecule BCL6 inhibitors, which
we were also able to convert into chemical biology tools.
Cellular target engagement was con� rmed through BCL6
thermal stabilization (CETSA)16 and further demonstrated
through BCL6 speci� c degradation in a number of cell lines
with a proteolysis-targeting chimera (PROTAC) molecule, but

Figure 1.Optimization of fragment hit to high activity binder of BCL6. (A) Fragment screening hit1 led to identi� cation of structural near
neighbor2. Crystal structure guided optimization a� orded 3. Full substitution of pyrimidyl 2-NH of3 removed kinase inhibition in4.
Macrocyclization� xes the bioactive conformation of ligand5 to improve binding activity. Introduction of piperazine allows for two NMe
connection points to attach linkers to ligand6. Overall improvement in binding activity of 105 achieved during optimization from1 to 6 based on
FRET IC50 (SPRKd) values shown in micromolar (pIC50 SEM < 0.39). (B) Crystal structure of1 (PDB code 6ew6) in complex with BCL6 BTB
domain homodimer with NH to Met51 interaction highlighted. (C) Crystal structure of2 (PDB code 6ew7) in complex with BCL6 BTB domain
homodimer showing space to add lactam to interact with Glu115 backbone NH.
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neither the BCL6 inhibitor nor degrader showed improved or
selective antiproliferative response compared to our previously
reported inhibitors. Through additional investigation, we
showed by immuno� uorescence imaging and subcellular
fractionation studies that the degradation of BCL6 with
PROTAC appears incomplete, as a residual population
remains despite measurable PROTAC concentrations.

� RESULTS AND DISCUSSION
Developing PROTAC Ready BCL6 Ligands.To design

small molecule ligands suitable for converting to e� ective
PROTACs, we considered high permeability to be a primary
requirement in addition to cellular potency and selectivity. Our
previous pyrazolo[1,5-a]pyrimidine (PP) series15 of BCL6
binders lacked su� cient permeability and thus a new 5-chloro-
pyrimidine (CP) chemical series was evolved from fragment
screening hit1 (Figure 1A). A similar fragment hit has recently
been reported.14 Two-dimensional NMR analysis con� rmed
that triazine1 bound BCL6 competitively with its co-repressor
SMRT, and a crystal structure further con� rmed the position
of the ligand along the lateral groove formed between both
chains of the homodimer (Figure 1B). Screening of structural
near neighbors of1 identi� ed the CP2 with greater than 100-
fold activity increase, which was also con� rmed to bind in the
lateral groove in a crystal structure (Figure 1C). The� uorine is
directed toward but does not contact Glu115; thus a lactam
group was added to make a hydrogen bonding interaction with
Glu115, and this gave a 12-fold increase in activity in3. Such
2-NH-pyrimidine motifs are precedented in kinase inhib-
itors,17,18 and since this NH does not form an obvious
interaction with BCL6 protein on binding, it was removed
through incorporation into a morpholine ring in4 to maintain
BCL6 activity but reduce kinase inhibitory activity (Table S1).
The bound conformation of4 was not the lowest energy
conformation of the isolated ligand, and free-ligand conforma-

tional analysis by NMR showed that the bound conformation
of 4 is only 50% populated (Figure S1A). Consequently,
macrocyclization to5 was predicted to favor the bioactive
conformation, and this achieved a further 5-fold activity
increase. Free-ligand analysis of macrocycle5 shows a pattern
of NMR signals indicative of a rigid linker and a single 100%
populated conformer in solution. Finally, switching to
piperazine6 allowed the opportunity to convert either of the
NMe groups to a linker for attachment of probe moieties, and
the addition of a� uorine in the 6-position of the pyrimidine
was tolerated for potency.

To demonstrate cellular target engagement of6, we utilized
a cellular thermal shift assay (CETSA) where ligand binding to
BCL6 results in increased protein stability and the requirement
of higher melt temperatures to induce protein unfolding.16 In
the DLBCL cell line OCI-Ly1, small but reproducible shifts in
the melt curves for BCL6 were observed in the presence of
BCL6 binder7 with no shift observed with the non-BCL6
binder8 as expected (Figure S2A). Within the shift region at
58 °C, an isothermal dose response was calculated to
determine an EC50 value for6 and other compounds from
CP and PP series (Figures 2A and S2B,C). Potencies
correlated closely with IC50 values from a cellular assay
measuring derepression of BCL6 transcriptional silencing of a
luciferase reporter in HEK 293T/17 cells, providing con-
� dence that CETSA potencies were indicative of BCL6
inhibition (Figure 2B).

In addition, BCL6 selectivity was observed for6 and the CP
series. In a cell reporter assay similar to the one previously
mentioned but instead measuring derepression of a related
BTB domain protein, PLZF,6 displayed no activity (>32� M).
Also, no signi� cant kinase inhibition was observed for6 against
an extensive panel of 399 kinases (<25% inhibition at 1� M,
Table S2). Finally, MS chemical proteomic pull down utilizing
a CP series compound established that BCL6 was the primary

Figure 2.Con� rmation of cellular BCL6 target engagement using CETSA in OCI-Ly1 cells. (A) Isothermal dose response of BCL6 stabilization
compared to DMSO at 58°C in the presence of6 (left panel). Dose response curve was generated by normalizing BCL6 protein level to GAPDH
and subsequently to BCL6 at 100� M compound (right panel). (B) Comparison of potency measured by BCL6 cell reporter and CETSA. See also
Figure S2. (C) Chemical structures of BCL6 binder7 and non BCL6 binder8.
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target. To develop the a� nity probe for proteomic pull down,
the lactam nitrogen was utilized as a site for attachment of

a� nity beads since substitution at this position is directed away
from BCL6 protein based on crystal structure of9 (Figure 3A).

Figure 3.CPs are selective for BCL6. (A) Vectors from both lactam N and piperazine N, in crystal structure of9 (PDB code 6ew8) in complex
with BCL6 BTB domain homodimer, are directed toward solvent accessible space thus allowing for substitution. (B) Chemical structures of
surrogate probe compounds (10 and11) and chaser compounds (12and13) used in MS proteomics. (C) CPs have higher biochemical selectivity
against CK2 and higher permeability than corresponding PPs. (D) Impact of CP and PP on the proteome. Chemical proteomics data have been
analyzed with DOSCHEDA19 and plotted as average fold change versusPvalue for proteins quanti� ed. BCL6 (green), CK2 subunits (CSNK2A1,
CSNK2A2, CSNK2B), and CK2 binding partners (EIF3J, DEK) are highlighted on each plot.

Figure 4.CP PROTAC has favorable properties for cellular activity. (A) Chemical structures of surrogate probe compounds14 and PROTAC15.
(B) PROTAC has similar potency and physicochemical properties to surrogate but lower lipophilicity and permeability.
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Consequently,10 can be considered a surrogate for an a� nity
probe of the CP series (Figure 3B).

Freshly prepared OCI-Ly1 cell lysates were treated at 4, 40,
and 400� M with high activity CP ligand12 followed by
incubation of the beads derivatized with the immobilized CP
compound (31). BCL6 was the most enriched protein
identi� ed (Figures 3D and S3A). In contrast, utilizing a PP
series ligand1315 tested at 4, 40, and 200� M (reduced
compared to12 due to lower solubility of PP series
compounds) followed by treatment with the bead immobilized
PP a� nity probe (45) identi� ed CK2 and CK2 binding
partners in addition to BCL6, consistent with its known o� -
target CK2 activity (Figure 3C,D). Taking these results
together, selectivity of the CP series made it more attractive
to pursue with further chemical biology probes.

BCL6 PROTAC Degrades BCL6 in a Number of
Hematological Cells. BCL6 is known to be targeted for
ubiquitination and degradation by the SKP1ŠCUL1ŠFbox
protein (SCF) ubiquitin ligase complex that contains F-box
protein FBXO11, and it has been demonstrated that lack of
FBXO11 correlated with increased DLBCL tumorigenicity in
mice.20 This tumorigenicity was reduced by reconstitution of
FBXO11, indicating that a BCL6 degrader could be a useful
mechanism of action, alternative to inhibition, for the
treatment of DLBCL cancer as well as providing insight into
the di� erences between these two modes of action. More
recently, small molecule BCL6 binders were discovered that
ubiquitinated and degraded BCL6 through a proteasome
dependent pathway and showed improved phenotypic e� ects
in DLBCL cell lines compared to similar molecules that only
disrupted BCL6 and co-repressor interaction.21 Degradation
through PROTACs22,23 is a new but rapidly growing area of
chemical biology, and we elected to take this approach with
our selective molecules with the aim of further understanding

BCL6 dependency in DLBCL. Although the lactam nitrogen
was used as the connection point for the linker to the
proteomics bead, an alternative piperazine nitrogen was
utilized as the connection point for a linker to a PROTAC
warhead. While both connection points are directed away from
the protein, polar amide containing linker groups were slightly
better tolerated for maintaining cellular activity when attached
at the piperazine nitrogen (for example, cell IC50 3.1� M for 14
compared to cell IC50 7.4� M for 10). Surrogate compound14
maintained BCL6 activity thus demonstrating that amide
linkers of the piperazine group could indeed be utilized as
BCL6 binders (Figure 4A). Thalidomide is known to recruit
the E3 ubiquitin ligase cereblon (CRBN), a component of a
cullin-RING ubiquitin ligase (CRL) complex, to target
proteins for degradation through the ubiquitin-proteosome
pathway,24Š26 and linking thalidomide to a BCL6 ligand
provided an opportunity to speci� cally target BCL6 for CRBN
mediated degradation. Attaching a thalidomide warhead via a
two-unit PEG, hydroxypropylamine butanediamide linker to
14 led to the formation of PROTAC15 (Figure 4A).

The 1H NMR of 15 showed two species exchanging in
solution corresponding to thecisŠtransisomers of the amide
linker to the piperazine group, in a ratio 55(cis)/45( trans). The
free-ligand conformational analysis of15 showed that the
macrocycle moiety presents the same NMR pattern (NOE,J
coupling, and chemical shift) observed for compound5, with
both matching the bioactive conformation of9 (Figure S1B).
The linker portion of PROTAC15 displayed a high degree of
� exibility, not showing any conformational preference, and the
macrocycle and thalidomide moieties did not show any spatial
interaction, acting as independent units in solution. These
properties could be bene� cial to achieve the bifunctional
interaction necessary for a functional PROTAC. The binding
of 15 was approximately 2-fold of14, and this relationship was

Figure 5.PROTAC15 degrades BCL6 in hematological cells through a proteasome dependent mechanism. (A) Western blot analysis after
treatment of OCI-Ly1 cells with15 over 4 h shows dose dependent degradation of BCL6. (B) Treatment with 1� M concentration of either15 or
14over 72 h period shows that only PROTAC degrades BCL6. (C) Addition of proteasome inhibitor MG132 (5� M) partially ablates degradation
of BCL6 by15 (1 � M). (D) Degradation by15 (1 � M) is attenuated by BCL6 inhibitor (1� M 14), pomalidomide (10� M), or both at 3 h. (E)
15 degrades BCL6 levels across a range of DLBCL and BL cell lines at 4 h.
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maintained in a BCL6 cell reporter assay with clear selectivity
over PLZF (Figure 4B). A reduction in lipophilicity and
permeability for15 was expected due to the polar nature of
thalidomide and linker but other physicochemical properties
such as solubility and protein binding were improved. Our
selection of the CP series as a very high permeability start
point was critical to achieving su� cient, albeit low,
permeability to enable cellular activity.

Degradation of BCL6 with PROTAC15 was extensively
evaluated in the DLBCL cell line OCI-Ly1. BCL6 degradation
was dose dependent but not complete, with 82% degradation,
relative to DMSO, being achieved at 1� M of 15 (Table S5),
and appears to be speci� c to BCL6 as TBLR1,27 a
transcriptional cofactor in the BCL6Šco-repressor complex,
was una� ected (Figures 5A andS4A). Kinetically, signi� cant
degradation of BCL6 was evident as early as 1 h and
maintained out to at least 72 h, despite an apparent increase in

Figure 6.BCL6 degradation does not improve antiproliferative activity. (A) BCL6 cell reporter potency and 3 day cell proliferation data for
surrogate14, PROTAC15, and inhibitor17across a range of DLBCL and an MM line, with BCL6 protein levels assessed by densitometry analysis
of panel B shown as average relative density/area. Log2 expression of BCL6 and target gene PRDM1 are also indicated. Details can be found at
https://www.ebi.ac.uk/arrayexpress/experiments/E-GEOD-57083/. (B) Western blot of BCL6 in tested cells. (C) Sixteen day proliferation study
of PROTAC15(1 � M) in OCI-Ly1 indicating nominal e� ect compared to DMSO and BCL6 inhibitor17 (1 � M) despite BCL6 degradation. (D)
Chemical structure BCL6 inhibitor17.
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baseline BCL6 levels over the same time period (Figures 5B
andS4B). In contrast, surrogate14 was comparable to control
over the same time period indicating that the thalidomide
warhead is responsible for the degradation. Furthermore,
addition of the proteasome inhibitor MG132 (Figures 5C and
S4C) or chasing with BCL6 inhibitor14 or a potent
thalidomide derivative pomalidomide (Figures 5D andS4D)
was able to attenuate the degradation observed with15. More
complete protection was achieved when14 and pomalidomide
were added together. These observations support the
PROTAC-based mechanism for BCL6 degradation. Similarly,
e� ective degradation of BCL6 ranging from 59% to 84% with 1
� M 15 were achieved in a range of DLBCL and Burkitt’s
lymphoma (BL) cell lines (Figure 5E andS4E and Table S5).

BCL6 PROTAC Does Not Improve Antiproliferative
Activity over BCL6 Inhibitors in DLBCL Cells.Having
demonstrated the BCL6 degradation properties of15, we
investigated what impact this would have on the antiprolifer-
ative e� ects of DLBCL cell lines. Previously we demonstrated

that BCL6 inhibition with a PP chemotype led to weak
antiproliferative e� ects across a panel of DLBCL cell lines
without apparent selectivity,15 but now 15 gave the
opportunity to evaluate the e� ect of removal rather than
simply inhibition of BCL6. Inhibitors targeting the BCL6 BTB
domain will disrupt primary co-repressor (SMRT, NCOR, and
BCOR) binding, but degradation could potentially drive a
deeper phenotypic response through removing interactions
beyond the BCL6-BTB domain. For example, the BCL6 RD2
(repression domain 2) domain has been shown to bind to the
MTA3 co-repressor to suppress PRDM1 and block plasma cell
di� erentiation, and the combination of BTB domain blockade
and MTA3 depletion through siRNA resulted in greater cell
killing in the SUDHL4 DLBCL line.28 Surprisingly, the
PROTAC antiproliferative e� ect was similar to inhibitor14,
with weak pan-inhibition across the cell line panel (Figure 6A).
Included were DLBCL cell lines of both GCB and ABC
subtypes with varying levels of BCL6, and a multiple myeloma
(MM) cell line, AMO-1, that expresses weak or undetectable

Figure 7.Subcellular BCL6 levels after PROTAC treatment. (A) Staining for BCL6 (green) and DNA (blue) after treatment of OCI-Ly1 cells with
1815 and15 at 10� M for 24 h. Magni� ed images show remaining punctate staining with15. (B) Measurable levels of BCL6 inhibitor19 and
PROTAC15within cytoplasm and nucleus after 4 h treatment of cells at 1� M. (C) Western blot showing BCL6 protein levels in cytoplasmic (C),
soluble nuclear (N), and chromatin bound (CB) fractions after 24 h treatment with15 and19 at 1� M, or DMSO (D). An equivalent percentage
of each fraction was loaded to assess relative levels of BCL6 between subcellular compartments. Quanti� cation of BCL6 levels from Western blot
shows similar level of degradation by15 across all fractions compared to DMSO. (D) Measurable levels of BCL6 inhibitor19 and PROTAC15
within cytoplasm, nucleus, and chromatin bound fractions after 4 h treatment of cells at 1� M. (E) Chemical structures BCL6 inhibitors18and19.
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levels of BCL6 (Figures 6A,B andS5).29 We also evaluated
gene expression to identify cell lines30 that have high
expression of BCL6 and low expression of PRDM1, a reported
BCL6 target gene,31 as an indication of BCL6 functional
activity and sensitivity to BCL6 inhibition, for example, OCI-
Ly1 and SUDHL4, and the reciprocal pro� le to predict
insensitivity to BCL6 inhibition, for example, OCI-Ly19 and
AMO-1 (Figure 6A). This was consistent with previous
classi� cations of OCI-Ly1 and SUDHL4 cells as BCL6
dependent and OCI-Ly19 cells as BCL6 independent based
on a BCL6 gene signature32 or sensitivity to BCL6 inhibition
or knockdown.1,5,6 Antiproliferation studies were conducted
over 3 days but given the possibility that a longer time would
be required to see maximal e� ect, as exempli� ed with EZH2
inhibitors where selective antiproliferative e� ects in EZH2
mutant lines were not fully realized until after 4 days33 and
more recently with a BCL6 degrader where antiproliferative
responses showed a slow onset,21 a longer 16 day proliferation
study was also conducted.

While PP inhibitor17 displayed high BCL6 cell reporter
potency (IC50 = 0.13� M), it showed only weak antiprolifer-
ative activity in the 3 day assays against a broad panel of
DLBCL cell lines (Figure 6A). A more pronounced phenotype
was seen at the end of a 16 day study tested against a subset of
these lines, but given the similar antiproliferative e� ect
between OCI-Ly1, SUDHL4, and OCI-Ly19 (40%, 50%, and
51% inhibition at 1� M, respectively) (Figures 6C andS6), a
BCL6 selective e� ect did not occur, consistent with the pan-
e� ect seen in the 3 day assays. Furthermore, PROTAC15 also
did not elicit a selective phenotypic response in the 16 day
study despite demonstrating e� ective degradation of BCL6 in
the same OCI-Ly1 and SUDHL4 cells.

A BCL6 Population Remains after BCL6 PROTAC
Treatment. Previously, BCL6 was reported to show both a
di� use and punctate nuclear immuno� uorescence (IF) staining
pattern depending on phase of cell cycle, with puncta
representing BCL6 localization to replication foci.34 We
con� rmed this staining pattern in the breast cancer cell line
MDA-MB-468, which has endogenous expression of BCL6,
and demonstrated a decrease in di� use and punctate nuclear
staining of BCL6 from siRNA knockdown (Figure S7). IF
imaging of PROTAC15 treated OCI-Ly1 cells also showed a
reduction in di� use and punctate staining of BCL6, while a
BCL6 inhibitor1815 showed no signi� cant change compared
to DMSO, as expected (Figure 7A). However, closer
investigation indicated signi� cant punctate staining of BCL6
still remained in the presence of15, similar to the staining
pattern seen with BCL6 siRNA in MDA-MB-468 cells.

Labeled free compound concentration in cells can be
measured by quantitative mass spectrometry,35Š38 and we
extended this approach to subcellular fractions to assess
speci� c intracellular compound concentrations to ensure
su� cient levels were achieved given incomplete BCL6
degradation by PROTAC. It was expected that intracellular
levels of PROTAC15 would be lower than that of a potent
cellular inhibitor19 (cell IC50 0.48� M, Caco2Papp47× 10Š6

cm·sŠ1) due to di� erences in permeability, and indeed,15 was
measured to have 15-fold lower levels than19 (Figure 7B). In
terms of absolute levels,19 was in signi� cant excess of BCL6
cell reporter IC50 within both the cytoplasm and the nucleus,
and thus it was expected that all available BCL6 would be
inhibited. In contrast, levels of15 within both the cytoplasm
and the nucleus were below the BCL6 cell reporter IC50, but

the catalytic nature of PROTACs suggests that e� cient
degradation would still occur.

Existence of a residual punctate, nuclear BCL6 population
after PROTAC treatment could potentially be chromatin
bound BCL6 where the transcriptional complex involving
BCL6 precluded binding of PROTAC and, by inference,
inhibitors, which utilize the same binding site. It was possible
to obtain separation of subnuclear fractions39 and assess BCL6
levels together with concentrations for both15 and19 (Figure
7C andS8). In addition, GAPDH, PARP1, and histone H3
were monitored to gauge the quality of subcellular separation,
and enrichment of these proteins was seen in the cytoplasmic,
soluble nuclear, and chromatin bound fractions, respectively, in
agreement with their known cellular localization. BCL6 was
enriched in the soluble nuclear fraction but could still be
detected in the cytoplasmic and chromatin bound fractions.
While our hypothesis would predict chromatin bound BCL6 to
be less accessible to small molecule targeting, this was not
supported by our data as signi� cant BCL6 degradation was
observed in all fractions with PROTAC15, but residual levels
of BCL6 were still seen. This was more notable in the soluble
nuclear fraction, in accord with higher basal levels in this
fraction and consistent with the IF staining pattern, but the
relative amount of degradation across all fractions was similar.
The intracellular levels measured for15 and19 con� rm that
both su� ciently access the chromatin bound fraction as well as
the soluble nuclear fraction to give rise to degradation or
inhibition, respectively, across all fractions (Figure 7D andS9).
The lack of complete degradation is not speci� c to 15 as
similar PROTACs with di� erent linkers also gave incomplete
BCL6 degradation by Western blot analysis (Figure S11).

In this study, we developed chemical biology probes to
discover that a residual population of BCL6 remained despite
PROTAC treatment, potentially providing a rationale for the
lack of antiproliferative e� ect seen with small molecule
inhibition or degradation of BCL6. A high quality BCL6
inhibitor was required before conversion to a PROTAC.
Existing PPs did not have su� cient intrinsic permeability, a key
requirement since the addition of the thalidomide PROTAC
warhead brings a signi� cant reduction in permeability.
Fortunately, a higher permeability CP series was identi� ed
from fragment screening followed by structure guided
medicinal chemistry optimization. High selectivity for BCL6
was demonstrated with the CP series proving superior over the
PP series both in biochemical assays and in a MS proteomics
pull down experiment. The CETSA technique provided
evidence of cellular target engagement, con� rming our probes
e� ectively bound to BCL6 within the cell, and X-ray
crystallography informed the attachment point of a linker to
the thalidomide unit where it would not interfere with binding
to BCL6. Through this work, we developed a PROTAC with
physicochemical properties su� cient to enable cellular activity.

The contrasting e� ects of a BCL6 inhibitor and a BCL6
PROTAC inform what may be occurring within cells. The
BCL6 inhibitor exhibits sub-micromolar cellular activity in
derepressing BCL6, while the BCL6 PROTAC15 degrades
BCL6 across a number of DLBCL cell lines via the expected
ubiquitin-proteasome mediated pathway. However, both
inhibitor and PROTAC15 exhibit only weak antiproliferative
activity seemingly independent of BCL6 expression. Immuno-
� uorescence staining coupled with subcellular concentration
analysis provides a rationale for the lack of cellular phenotype
seen with both targeting modalities. The inhibitor achieves
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signi� cant levels within the cell and nucleus without a� ecting
the distribution and protein level of BCL6. PROTAC15 also
achieves signi� cant concentration levels within the cell and
nucleus, albeit lower than the inhibitor, to degrade cytoplasmic
and nuclear BCL6, but signi� cant nuclear punctate staining
still remained. This led us to hypothesize that a chromatin
bound BCL6 complex could be more resistant to small
molecule targeting, but detailed subnuclear fractionation
experiments indicated degradation occurred in the chromatin
bound as well as in the soluble nuclear fractions. Nevertheless,
a small, residual BCL6 population still remained across all
isolated fractions. Studies to speci� cally identify and target this
residual BCL6 population could provide further insight on
BCL6 function in DLBCL and guide future design of
successful BCL6 inhibitors. Additionally, combination treat-
ment with a BCL6 inhibitor or degrader may be what is
required to elicit a marked phenotypic response in the disease
setting, as combinations with inhibitors of EZH2, BCL2, or
other oncogenic factors have been previously suggested.7,40

In summary, BCL6 inhibitors were developed with high
activity, good cellular potency, proven in-cell target engage-
ment, excellent selectivity, and signi� cant exposure in the
nuclear subcellular fractions yet did not induce signi� cant
antiproliferative activity in a DLBCL cell line panel. A BCL6
PROTAC was designed with similar attributes and shown to
e� ectively degrade BCL6 in all subcellular fractions with the
exception of a residual BCL6 population but also failed to
induce signi� cant phenotypic response. Together, this data
underscores the challenges associated with small molecule
targeting of BCL6 as a therapeutic approach.
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