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Letter

T cell checkpoint inhibitors including those targeting the programmed cell death protein-1
(PD1) pathway have improved treatment outcomes for cutaneous melanoma; however, many
patients do not respond favorably (Carretero-Gonzalez et al., 2018). An alternative and
potentially complementary approach centers on modulating transcription in tumor cells by
interfering with epigenetic modifiers. Such compounds include those targeting members of
the Bromodomain and Extra Terminal domain (BET) family of epigenetic readers that
influence transcription by binding to histones (Filippakopoulos et al., 2010). BET proteins
promote malignancy through their effects on the expression of genes essential for tumor
growth and survival. Conversely, BET inhibitors can arrest melanoma cell growth in vitro
and /n vivo (Segura et al., 2013).

A key question in melanoma is whether the efficacy of checkpoint blockade can be
improved by inhibiting BET protein function. Emerging evidence suggests that BET
inhibitors may have useful effects on tumor-responsive T cells. For instance, the BET
inhibitor JQ1 enhanced CD8 T cell response in an adoptive immunotherapy model (Kagoya
et al., 2016), and enhanced anti-tumor immunity by reducing programmed cell death-1
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ligand (PD-L1) expression on B lymphoma and ovarian cancer cells (Hogg et al., 2017, Zhu
et al., 2016). More recently, JQ1 rendered lung cancer cells receptive to PD1 blockade
(Adeegbe et al., 2018), raising the possibility that dual inhibition of BET proteins and PD1
function may effectively constrain malignant cell growth for a variety of cancers. However,
T cell function and response to immunotherapy and BET inhibition may vary within
disparate types of solid tumors. Consistent with this, a greater clinical benefit to PD1
blockade is observed in patients with melanoma compared to lung cancer (Carretero-
Gonzalez et al., 2018). Here we establish the capacity of the next-generation BET inhibitor
PLX51107, a potent and structurally unique compound with optimized pharmacokinetic
properties (Ozer et al., 2018), to modulate melanoma tumor growth, tumor infiltrating T
cells, and the efficacy of PD1 blockade in melanoma.

The effects of PLX51107 on melanoma were tested in the immune competent mice bearing
BrafV600F | prep/ll, Cakn2a™! 1 Y UMMA1.7 tumors (Meeth et al., 2016). All animal
experiments were performed according to the approved protocols of the Thomas Jefferson
University Institutional Animal Care and Use Committee. YUMML.7 cells expressed several
members of the BET family with BRD2 and BRD3 detected (Figure S1). Melanoma tumors
in mice receiving PLX51107 exhibited significantly delayed growth compared to controls
(Figure 1a and b). During treatment, serum PLX51107 levels remained stable (557-1500
ng/ml, Figure S2a), and animals lost no more than 15% of their starting weight (Figure S2b).
As expected (Baras et al., 2016), frequencies of FoxP3* regulatory T cells (Tregs) were
increased in YUMML.7 tumors (Figure S3). The Treg frequency decreased in PLX51107
treated tumors but not in spleens (Figure 1c, d, and €). While no significant difference was
found in frequencies of tumor infiltrating CD8 T cells with PLX51107 treatment (Figure 1f
and g), the CD8 to Treg ratio was significantly higher in the treatment group (Figure 1h).

We examined PD1 expression, an indicator of T cell dysfunction, on tumor infiltrating CD8
T cells. While in both control and treated mice, CD8 cell PD1 expression was higher in
tumors compared to spleens, CD8 cells in PLX51107-treated tumors exhibited lower surface
PD1 compared to untreated controls (Figure 2a and b). PD1 ligand PD-L1 is expressed on a
wide variety of cells. To distinguish PD-L1 expressing cellular subsets within tumors, we
generated a tdTomato expressing YUMML.7 line though a potential for introducing novel
antigenicity needs to be considered in this model. From tumors of tdTomato-expressing
YUMML.7 cells, we resolved three distinct cellular populations based on differential
expression of CD45.2 and tdTomato (Figure 2¢). PD-L1 was not detected on host stromal
cells, but was detected on tumor cells and CD45* hematopoietic cells and remained
unchanged during PLX51107 treatment (Figure 2d and e).

BET inhibition shifted tumor infiltrating CD8 T cells from high to intermediate surface PD1
expression (Figure 2a and b). This finding is informative, as exhausted T cells expressing
high levels of surface PD1 are generally resistant to revitalization via PD-L1 blockade,
whereas T cells with intermediate PD1 levels are more easily rescued with this approach
(Blackburn et al., 2008). In line with this, other epigenetic modifiers have been demonstrated
to directly ameliorate T cell exhaustion (Zhang et al., 2014). These observations suggest that
PLX51107 may render melanoma infiltrating exhausted T cells more responsive to PD-L1
blockade by causing decreases in PD-1 expression. Thus, we examined if anti-PD-L1
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therapy would improve PLX51107 efficacy. Indeed, PLX51107 combined with anti-PD-L1
significantly constrained melanoma growth compared to either anti-PD-L1 or PLX51107
alone (Figure 2f-g and S4).

We found an increased ratio of effector to suppressive Tregs in BET inhibitor-treated tumors.
While increased effector CD8* T cells in tumors have been reported to be associated with
improved clinical outcomes (Ali et al., 2014), presence of suppressive Tregs in tumors
clearly contribute to immune suppressive environments (Viguier et al. 2004). Furthermore,
the CD8 to Treg ratio has been implicated as a positive factor in predicting response to
immunotherapy (Baras et al., 2016). Reduced Tregs and an increased CD8/Treg ratio in
tumors suggest a shift towards a less immune suppressive tumor microenvironment during
PLX51107 treatment.

Our data also indicate that the capacity of BET inhibitors to modulate tumor-specific T cell
responses in melanoma may not reflect a universal direct effect on PD-L1 expression on
tumor cells. In recent work in ovarian cancer and B cell lymphoma, BET inhibition caused
the down-regulation of PD-L1 expression (Hogg et al., 2017, Zhu et al., 2016). We did not
observe substantial amounts of surface PD-L1 on YUMML.7 cells /n vitro unless these cells
were stimulated with IFNy (Figure S5). Modulation of PD-L1 expression on solid tumor
cells may depend greatly on local concentrations of factors such as IFN-y within the tumor
microenvironment, as well as intrinsic tumor responsiveness to these factors.

In summary, optimizing therapies for metastatic melanoma is critical. This study determines
that the next generation BET inhibitor, PLX51107, can be effectively combined with anti-
PD-L1 to lower PD-1 expression on CD8" T cells and delay melanoma tumor growth.
PLX51107 is currently being tested in a Phase 1 study as single agent in solid tumors
(NCT02683395) and provides an opportunity to show that the combination of PLX51107
and anti-PD-L1 is a promising treatment option for patients with metastatic melanoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: PLX51107 treatment effect on murine melanoma tumor growth and tumor infiltrating
T cells.

(a) YUMML.7 murine melanoma tumors were generated in C57BL/6 hosts. When tumor
sizes reached 200-500 mm3, recipients were placed on either control chow (black) or
PLX51107-laced chow (red). Tumor volumes were monitored at the indicated time points.
Each line corresponds to an individual mouse. (b) The corresponding tumor growth rate
functions are shown. (c) Mice were sacrificed after 12 days of treatment. Spleens and tumor
cells were homogenized and analyzed by flow cytometry. CD4*, FoxP3* Treg frequencies
within the (d) bulk tumor or () spleen cells were compared in control versus treated mice.
(f) CD8* cells were gated in tumors and (g) the frequencies of CD8" cells and (h) the CD8*/
Tregs ratios in tumors were compared. Each symbol represents an individual mouse.
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Figure 2: PD1 and PD-L1 expression in YUMML1.7 tumors and effect of combined BET

inhibition and anti-PD-L1 on YUMM1.7 tumor growth.
T cells were isolated from YUMML1.7 tumors and spleens as described in Figlc. (a) CD8*

cells were analyzed for PD1 surface expression. Lines are extended through the population
centers in control samples. (b) Surface PD1 expression on CD8* cells of treated versus
control mice is depicted. (c) tdTomato-expressing YUMML.7 tumors were analyzed on day
12 post-treatment. Distinct populations are resolved based on CD45.2 and tdTomato
expression. (d) Representative histogram and (e) mean surface PD-L1 expression on
populations resolved in ¢ are shown. (f) When YUMM1.7 tumor sizes reached
approximately 50 mm3, recipients were placed on either control (dashed) or PLX51107-
laced chow (solid) while receiving either anti-PD-L1 antibody (red) or isotype control
(black). Tumor volumes overtime and (g) the corresponding growth rate functions are
shown.

J Invest Dermatol. Author manuscript; available in PMC 2020 July 01.



	Letter
	References
	Figure 1:
	Figure 2:

