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resulting in receptor downregulation by T cells via a novel mechanism of action
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Background
Upregulation of immune checkpoints, such as LAG-3, plays an important role in promoting resistance to anti-PD-(L)1 therapy.
FS118, currently being evaluated in a Phase 1 clinical trial in patients with advanced malignancies, is a tetravalent bispecific antibody
targeting LAG-3 and PD-L1 that can overcome immune suppression with greater preclinical activity than a combination of mAbs [1].
Further, recent studies have suggested that LAG-3 shedding is essential to overcome resistance to anti-PD-1 immunotherapy [2]. Here,
we demonstrate a novel bispecific mechanism of action for FS118 in the shedding of LAG-3 from the surface of T cells.

Methods

FS118 bispecific activity mediated LAG-3 shedding
As FS118-mediated blockade of PD-L1 and LAG-3 reversed inhibition of T-cell activation, and LAG-3 shedding on
CD4+ T cells has previously been shown to be essential for an anti-tumor response to anti-PD-1 therapy [2], we
sought to explore the role of FS118 in LAG-3 shedding.

Figure 5: FS118m surrogate (mLAG3/PD-L1 mAb2) increased levels of
soluble LAG-3 in the serum of tumorbearing mice in a dose-dependent
manner.
FS118m surrogate mAb2 properties
have been previously described1. Fold
change of serum soluble mLAG-3 levels
in mice treated with a single dose of
mLAG-3/PD-L1 mAb2 (1, 3 or 10mg/kg)
or the IgG1 isotype control antibody
(10mg/kg), over a time-course postdosing. Representative graphs from
assays performed in triplicate and data
are presented as mean ± SEM.

Antigen-specific T cells assays were performed using D011.10 OVA-specific T cells and LK35.2 cells overexpressing human LAG-3 and PDL1 with OVA324–339 peptide. Human ex vivo assays were performed by co-culturing activated CD4+ T cells with iDCs in the presence of
staphylococcal enterotoxin B. The effects of FS118 were compared to control reagents and soluble LAG-3 was measured by ELISA. A
mouse tumor model used MC38 cells implanted subcutaneously into C57Bl/6 mice. Expression of surface markers was measured
on tumor-infiltrating lymphocytes (TILs) from disaggregated tumors and soluble LAG-3 was measured in serum following dosing of mice
intraperitoneally with FS118 surrogate or control reagents. Soluble LAG-3 in the serum of patients treated with FS118 was measured by
ELISA (Phase 1 trial NCT03440437).
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Figure 2: Shedding of soluble LAG-3 was dose-dependent and required bispecific binding to both PD-L1 and
LAG-3 in a CD4+ T cell assay.
Human CD4+ T cells were activated and cultured with iDCs and SEB in the presence of FS118 or other test
antibodies over a range of concentrations. At Day 4, soluble LAG-3 was quantified by ELISA. Representative
graphs from assay performed in duplicate and data presented as mean ± SEM.
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•

FS118 mediated LAG-3 shedding from the surface of T cells via a bispecific mechanism that is dependent
upon simultaneous binding to both PD-L1 and LAG-3.

•

FS118-mediated LAG-3 shedding was dependent on ADAM-10 and ADAM-17 metalloproteinases, consistent with
published data describing LAG-3 cleavage [4].

•

LAG-3 removal from the surface of TILs via shedding may be an important mechanism by which FS118 overcomes upregulation of LAG-3 induced by PD-L1 blockade. Furthermore, a recent study demonstrated that LAG-3 shedding from
CD4+ conventional T cells was required to overcome resistance to anti-PD-1 immunotherapy [2].

•

Cell surface LAG-3 was downregulated by FS118 surrogate on CD8+ cytotoxic T cells as well as CD4+ conventional and
regulatory T cells and further studies are required to understand the impact of LAG-3 shedding by different cell types.

•

Soluble LAG-3 may be an important marker of FS118 pharmacodynamic activity in patients (See Poster #395).
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Figure 6: mLAG-PD-L1 mAb 2 reduces LAG-3 on the surface of T cells in the tumor and spleen, whereas mPD-L1 mAb and the combination of
components increases LAG-3 on CD4+ T cells.
MC38.OVA tumors were administered with one intraperitoneal injection of anti-mLAG-3/PD-L1 mAb2 or control antibodies. At designated time-points
post dosing, mice were culled and tumors and spleen processed for flow cytometry. The proportion of total mLAG-3 expressed on CD4+ T cells, CD4+
2.5
Foxp3+ T regulatory (Treg) cells, and CD8+ T cells was determined by flow cytometry. No difference in the proportion of T cells was observed for any
arms of treatment (data not shown). Data presented as mean ± SEM.
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Figure 4: Schematic outlining
the SEB assay. SEB binds to
MHC Class II on APCs and the
T cell receptor resulting in T
cell activation and upregulation of activation
markers including LAG-3.
FS118 may bind to and block
PD-L1 and LAG-3 either on the
same cell (cis) or bridge
between APCs and T cells
(trans), resulting in release of
soluble LAG-3 mediated by
ADAM-10 and ADAM-17
metalloproteases.
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Figure 3: Shedding of LAG-3 was ADAM-10/ADAM-17-dependent, in line with previously published data [3].
Human CD4+ T cells were activated and cultured with iDCs and SEB in the presence of 100nM FS118 using
primary cells from two different donors. Inhibitors GI254023X (ADAM10) or TAPI-1 (ADAM17) were added
to FS118-treated cells and, at Day 4, soluble LAG-3 was quantified by ELISA from the culture supernatant. Data
shown as percentage inhibition of soluble LAG-3 in culture medium relative to cells untreated with inhibitor, and
presented as mean ± SEM.

Figure 7: FS118 modulated LAG-3 levels in the blood and
tumor of cancer patients.
(A) Dose-dependent increase in total soluble LAG-3 in the
serum of FS118-treated patients following one cycle of
treatment.
(B) Changes in LAG-3 expression in the tumor
microenvironment. LAG-3 expression at baseline and posttreatment with FS118 by immunohistochemistry (IHC).
High power fields (HPF, the area visible under the
maximum magnification power) were taken from each
patient biopsy and the number of LAG-3 positive cells was
measured. LAG-3 expression was calculated as the
average number of cells from 10x HPF. IHC was performed
on BenchMark Ultra staining platform (Roche
Diagnostics/Ventana Medical Systems) using rabbit
monoclonal anti-LAG-3 antibody clone 17B4 (Abcam).
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Figure 6: mLAG-3/PD-L1 mAb2 decreased LAG-3 on the surface of T cells in MC38.OVA tumors and spleen,
whereas mPD-L1 mAb or the combination of components increased LAG-3 on CD4+ T cells.
MC38.OVA tumors were administered with one intraperitoneal injection of anti-mLAG-3/PD-L1 mAb2 or control
antibodies. At designated time-points post dosing, mice were culled and tumors and spleen processed for flow
cytometry. The proportion of total LAG-3 expressed on CD4+ T cells, CD4+ Foxp3+ T regulatory (Treg) cells, and
CD8+ T cells was determined by flow cytometry. No difference in the proportion of T cells was observed for any
arms of treatment (data not shown). Data presented as mean ± SEM.
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Table 1: FS118 mAb2 binds to both LAG-3 and PD-L1 and blocks ligand interactions [1]

Figure 1: FS118 increased T cell function in vitro
A–C, FS118 overcomes PD-L1 and LAG-3 mediated inhibition in an antigen-specific in vitro T-cell assay. DO11.10 OVA–specific T cells overexpressing human
LAG-3 (hLAG-3) or empty vector (pLVX) were mixed with either wild-type LK35.2 cell lines [antigen-presenting cells (APC)] or LK35.2 cells overexpressing human
PD-L1 [APC (PD-L1)] in presence of the OVA324–339 peptide and with various concentration of antibodies for 24 hours. Culture supernatant was collected and
assessed for secreted levels of mouse IL-2 by ELISA. LAG-3–mediated inhibition assay (A), PD-L1–mediated inhibition assay (B), and both LAG-3- and PD-L1–
mediated inhibition assay (C). Assays were performed in duplicate and data are presented as mean SEM.
D, Human primary CD4+ T cells were activated and were cultured with iDCs and SEB in the presence of FS118 or other test antibodies over a range of
concentrations from 0.00128 nM to 100 nM. IFNγ secreted into the culture supernatant was quantified by ELISA. Representative graphs from assays performed
in triplicate and data are presented as mean ± SEM.
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