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Depletion of LAG-3+ T Cells Translated to 
Pharmacology and Improvement in Psoriasis 
Disease Activity: A Phase I Randomized Study 
of mAb GSK2831781
Joanne Ellis1,*, Daniel J.B. Marks1, Naren Srinivasan1, Christine Barrett1,†, Thomas G. Hopkins1,6,†, Anna 
Richards1,7,†, Rainard Fuhr2, Muna Albayaty3, Martin Coenen4, Lia Liefaard1, Karen Leavens1, Katherine 
L. Nevin1, Shuo Tang5, Stephen A. Hughes1, Léa Fortunato1, Ken Edwards1, Yi Cui1, Rabia Anselm1, 
Christopher J. Delves1,†, Emilie Charles1,8,†, Maria Feeney1, Thomas M. Webb1, Sara J. Brett1, Tim S. 
Schmidt1,9,†, John Stone1,10,†, Caroline O.S. Savage1,11,†, Nicolas Wisniacki1 and Ruth M. Tarzi1

Activated T cells drive a range of immune-mediated inflammatory diseases. LAG-3 is transiently expressed 
on recently activated CD4+ and CD8+ T cells. We describe the engineering and first-in-human clinical study 
(NCT02195349) of GSK2831781 (an afucosylated humanized IgG1 monoclonal antibody enhanced with high 
affinity for Fc receptors and LAG-3 and antibody-dependent cellular cytotoxicity capabilities), which depletes LAG-3 
expressing cells. GSK2831781 was tested in a phase I/Ib, double-blind, placebo-controlled clinical study, which 
randomized 40 healthy participants (part A) and 27 patients with psoriasis (part B) to single doses of GSK2831781 
(up to 0.15 and 5 mg/kg, respectively) or placebo. Adverse events were generally balanced across groups, with no 
safety or tolerability concern identified. LAG-3+ cell depletion in peripheral blood was observed at doses ≥ 0.15 mg/
kg and was dose-dependent. In biopsies of psoriasis plaques, a reduction in mean group LAG-3+ and CD3+ T-cell 
counts was observed following treatment. Downregulation of proinflammatory genes (IL-17A, IL-17F, IFNγ, and 
S100A12) and upregulation of the epithelial barrier integrity gene, CDHR1, was observed with the 5 mg/kg dose of 
GSK2831781. Psoriasis disease activity improved up to day 43 at all GSK2831781 doses (0.5, 1.5, and 5 mg/kg) 
compared with placebo. Depletion of LAG-3-expressing activated T cells is a novel approach, and this first clinical 
study shows that GSK2831781 is pharmacologically active and provides encouraging early evidence of clinical 
effects in psoriasis, which warrants further investigation in T-cell-mediated inflammatory diseases.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 LAG-3 is transiently expressed on activated T cells.
WHAT QUESTION DID THIS STUDY ADDRESS?
 Depletion of LAG-3+ cells is a potential treatment strat-
egy to selectively deplete activated T cells, for T-cell-mediated  
inflammatory diseases. We investigated GSK2831781 (an  
afucosylated, humanized IgG1 anti-LAG-3 mAb enhanced for 
affinity and antibody-dependent cell cytotoxicity), in a phase I 
study to assess its safety/tolerability in healthy individuals and 
patients with psoriasis, and its potential efficacy in patients 
with psoriasis.

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?
 No safety/tolerability concern was identified. Following treat-
ment with GSK2831781, LAG-3+ and CD3+ T-cell counts were 
reduced in peripheral blood and in psoriasis plaque biopsies; addi-
tionally, expression of proinflammatory genes was reduced, and ex-
pression of genes associated with skin barrier function was increased.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 GSK2831781 was pharmacologically active and demonstrated 
that depletion of LAG-3+ T cells is a therapeutic approach warrant-
ing further investigation in T-cell-mediated inflammatory diseases.
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Activated pathogenic T cells play an important role in  
immune-mediated inflammatory diseases, as evidenced by  
favorable clinical outcomes with several T-cell-targeted thera-
pies.1–4 Plaque psoriasis, a chronic autoimmune skin disease, is 
driven by excessive IL-17A, TNF-α, and IL-23, as shown by suc-
cessful therapeutic blockade of these cytokines.5 Th17 cells play 
a dominant role in disease and drives keratinocyte hyperplasia, 
which typifies psoriasis plaque histopathology.5 Skin resident 
T cells are implicated in the maintenance and recurrence of 
psoriatic plaque lesions6 and depleting such subsets may lead to 
long-term remission. Pan-T-cell-targeted therapies carry some 
drawbacks, such as increased risk of infection,7 so more selec-
tive ways of targeting activated, pathogenic T cells are needed 
to improve risk–benefit profile.

LAG-3 or CD223 was originally described as a marker of acti-
vation on T cells and natural killer (NK) cells.8 It was subsequently 
confirmed as an inhibitory transmembrane receptor that nega-
tively regulates T-cell activation and is upregulated as an immune 
checkpoint to balance T-cell co-stimulation, thereby limiting  
inflammation and autoimmunity.9–11 It is expressed on activated 
CD4+ (predominantly Th17 and Th1 memory),12 CD8+ T cells, 
minor subsets of NK cells,8,13,14 a subset of activated regulatory T 
(Treg) cells, T regulatory type 1 (Tr1) cells,15–20 and plasmacytoid 
dendritic cells.21,22 Soluble LAG-3 (sLAG-3) is found at low con-
centrations in human serum23–27; however, its biological function 
is unclear.

LAG-3 blockade has been investigated as a therapeutic strat-
egy for checkpoint blockade immunotherapy and as a potential 
cancer treatment.28 A contrasting strategy of depleting activated  
LAG-3+ T cells was explored preclinically using cytotoxic antibod-
ies to delay acute rejection in a rodent heart allotransplant model29 
and to reduce skin inflammation in a tuberculin-induced delayed 
type hypersensitivity (DTH) model in nonhuman primates.30 
Because LAG-3 is rapidly upregulated following T-cell activation31 
and has low or undetectable levels on resting lymphocytes, it might 
be possible to leverage LAG-3 as a marker of pathogenic lympho-
cytes that mediate chronic inflammation in humans, thereby tar-
geting these cells for depletion.

Here, we report the development of GSK2831781, a high af-
finity (sub nanomolar), humanized IgG1 monoclonal antibody 
(mAb) targeting LAG-3, enhanced for antibody-dependent cell 
cytotoxicity (ADCC) compared with the parental antibody, 
using POTELLIGENT technology (BioWa, Princeton, NJ), 
which generated an afucosylated mAb. It was hypothesized 
that GSK2831781 would differentially deplete tissue-resident 
effector pathogenic T cells with relatively high LAG-3 expres-
sion (over lymphocytes expressing low or no LAG-3), impact 
downstream immunopharmacology, and translate to clinical im-
provement. The hypothesis was investigated clinically in a first-
time-in-human trial (GSK study ID: 200630; NCT02195349). 
The primary objective was to assess the safety and tolerability of 
a single i.v. dose of GSK2831781 from 0.0003 to 5 mg/kg. Key 
secondary objectives included evaluation of GSK2831781 phar-
macology, pharmacokinetics (PKs), immunogenicity, and effect 
on psoriasis disease activity.

METHODS
Development of GSK2831781
Engineering, expression, and characterization of GSK2831781 are de-
scribed in Supplementary Methods.

Study design
A phase I/Ib, randomized, double-blind (sponsor unblinded), place-
bo-controlled, first-time-in-human two-part study (GSK study 200630; 
NCT02195349) was conducted at three centers in the United Kingdom 
and Germany from July 30, 2014, to March 7, 2018 (Figure 1). Part A en-
rolled healthy participants into six GSK2831781 dose cohorts. Cohorts 
1–5 (0.0003–0.15 mg/kg) were screened for the absence of pre-existing 
anti-drug antibodies (ADAs; ADA-negative). Cohort 6 (0.15  mg/kg) 
were selected for presence of pre-existing ADA (ADA-positive). Part B 
enrolled patients with psoriasis into three cohorts. Cohort 7 (0.5 mg/kg) 
was stratified by pre-existing ADA status; stratification was removed for 
cohorts 8 and 9 (1.5 and 5 mg/kg) owing to a lower than predicted inci-
dence of pre-existing ADA and lack of observed impact of pre-existing 
ADA on safety and PK to that point.

Participants were block-randomized to treatment groups with sentinel 
dosing (one active and one placebo for each cohort). GSK2831781 (or 
placebo) was administered via a 2-hour i.v. infusion.

The protocol was approved by national or regional ethics committees. 
The study was conducted in accordance with the International Conference 
on Harmonisation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use Good Clinical Practice guidelines and 
applicable country-specific requirements. Written informed consent was 
obtained. Anonymized individual participant data and study documents 
can be requested for further research from www.clini calst udyda tareq uest.
com.

Study population
Full inclusion and exclusion criteria are provided in Supplementary 
Methods. Part A included healthy men aged 18–65  years. Part B in-
cluded women or men aged 18−75 years with chronic plaque psoriasis for 
≥6 months, covering ≥3% body surface area at screening and day 1, with 
2 accessible psoriatic plaques each with a Psoriatic Lesion Severity Sum 
(PLSS) of ≥ 5 (≥ 2 for the induration component, ≥ 1 for redness, and ≥ 1 
for scaling)32: 1 index plaque for monitoring of clinical activity and the 
other a biopsy plaque. Patients were excluded if at high risk of requiring 
rescue with topical psoriasis therapies or systemic immunosuppressants, 
or if the washout conditions of any prior psoriasis treatment were not 
met.

Safety and tolerability
The primary objective was to assess the safety and tolerability via mon-
itoring of adverse events (AEs), vital signs, physical examinations, rou-
tine hematology, clinical chemistry, urinalysis, and electrocardiograms. 
Serum cytokine levels (IL-6, IL-8, TNF-α, and IFN-γ) were assessed to 
48 hours; granulocyte-colony stimulating factor was assessed throughout. 
Peripheral blood T (CD3+, CD4+, and CD8+), B (CD45+, CD3−, and 
CD19+), and NK (CD45+, CD3−, CD16+, and CD56+) cells were mea-
sured by flow cytometry. Further details are provided in Supplementary 
Methods.

Measurement of antidrug antibodies
Anti-GSK2831781 antibodies were assessed using a validated elec-
trochemiluminescence bridging immunoassay. Samples identified as 
potentially ADA-positive in a screening assay were further analyzed 
to confirm ADA specificity, and if confirmed positive, titer. Assay sen-
sitivity of 24.45 ng/mL was assessed using a polyclonal positive control 
antibody, which was specific for GSK2831781. At 500 ng/mL positive 
control, the assay tolerated up to GSK2831781 13.5  μg/mL and up 

ARTICLE

http://www.clinicalstudydatarequest.com
http://www.clinicalstudydatarequest.com


CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 109 NUMBER 5 | May 2021 1295

to sLAG-3 100  ng/mL. Monomeric sLAG-3 precludes false-positive 
ADA results.33

Pharmacokinetics
Blood samples for PKs were collected at nominal times relative to the start 
of GSK2831781 infusion and analyzed using a validated affinity capture, 
high performance liquid chromatography mass spectrometry/mass spec-
trometry method. The limits of quantification were 10−5,000 ng/mL. 
PK parameters were derived using WinNonlin version 8.0 (Pharsight, 
Sunnyvale, CA).

Monitoring of LAG-3+ cells in blood
Blood samples for analysis of target engagement, T-cell depletion, and 
immune cell phenotyping were analyzed by flow cytometry. Target en-
gagement (receptor occupancy) of GSK2831781 T-cell surface LAG-3 
in blood and consequent depletion of LAG-3+ T cells (mechanism of 
action) were evaluated using a noncompetitive and a competitive an-
ti-LAG-3 antibody in the flow cytometric analysis of CD4+, CD45RA− 
(central memory and effector memory cells).

Measurement of total sLAG-3 in blood
Total sLAG-3 (sLAG-3 free/unbound and bound to GSK2831781) was 
analyzed in serum using an electrochemiluminescence immunoassay. 
Total sLAG-3 concentrations (ng/mL) were obtained using a standard 
curve; lower and upper limits of quantification were 0.244 and 250 ng/
mL, respectively.

Pharmacodynamic effect in skin
In healthy participants, a DTH model was used (ref. 34 and 
Supplementary Methods). Psoriasis skin punch biopsies (6  mm) 
were taken predose at day 1 and at day 29. Serial skin sections were 
stained for LAG-3, CD3, and the proliferation marker, Ki67. LAG-3+ 
and CD3+ cell counts in dermis and epidermis, and Ki67+ cell counts 
in epidermis were manually quantified by immunohistochemistry. 

Epidermal thickness was measured following hematoxylin-eosin 
staining.

Transcriptomic analysis was performed to evaluate changes in gene 
expression. Briefly, total RNA was prepared from whole blood and pso-
riatic skin lesion biopsies and used for cDNA amplification for quanti-
tative real-time polymerase chain reaction (qRT-PCR) analysis against 
a panel of TaqMan Gene Expression Assays (Thermo Fisher Scientific, 
Loughborough, UK) comprising housekeeping genes and genes of in-
terest, using the Fluidigm BioMark HD microfluidic PCR platform 
(Fluidigm, South San Francisco, CA), as detailed in Supplementary 
Methods.

Psoriasis disease activity
The clinical activity of psoriasis lesions was assessed using the PLSS (of 
the index plaque)32 and Psoriasis Area and Severity Index (PASI),35 as 
detailed in Supplementary Methods.

Sample size and statistical analysis
As the primary end point was safety and tolerability, the sample size 
was based on feasibility and no formal sample size calculations were 
conducted. However, to understand the properties of the design, 
the upper limit of the exact 95% confidence interval (CI) of the in-
cidence rate was determined. A maximum of 6 participants received 
each active dose and therefore if a safety event was observed in 0 of 6 
of a GSK2831781 group, the upper limit of the exact 95% CI would 
indicate that a true incidence rate of 46.5% could not be ruled out. 
Whereas, if 1 of 6 of the same safety event in the GSK2831781 group 
was to be observed, the upper limit of the exact 95% CI would indicate 
that a true incidence rate of 62.9% could not be ruled out. Sample size 
sensitivity analysis for safety is described in Table S1. As the study was 
not powered on the pharmacodynamic or clinical efficacy end points, 
no formal hypothesis testing was performed. Descriptive summaries 
are reported (see Supplementary Materials for detailed listings), in-
cluding point estimates and 95% CI to provide the direction and the 
magnitude of the effect of GSK2831781. Estimations of the difference 

Figure 1 Clinical study design. *Cohort 5 included a pre-treatment delayed-type hypersensitivity challenge. Dosing with GSK2831781 
occurred on day 29, hence, follow-up is correspondingly longer relative to study day 1. ADA, anti-drug antibodies; n, total participants 
(GSK2831781:placebo).
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of change from baseline for each treatment arm to placebo were made 
for selected parameters from lesional biopsies (including CD3+ and 
LAG-3+ cell counts, Ki67, and epidermal thickness) and clinical pa-
rameters PLSS and PASI, by fitting a mixed-effect model for repeated 
measures with fixed effects of treatment, visit, treatment-by-visit in-
teraction, and baseline. Unstructured covariance structure was used. 
Epigenetic cell count data were generated after the study had reported 
and analyzed post hoc.

RESULTS
Characterization of GSK2831781
GSK2831781, an afucosylated IgG1 mAb, was humanized from 
a murine anti-LAG-3 chimeric parent mAb and further modified 
to improve affinity for LAG-3 and ADCC. GSK2831781 exhib-
ited enhanced affinity for LAG-3 and human FcγIIIa receptors 
(data not shown), and 30-fold enhanced killing potency of a LAG-
3-expressing T-cell line compared with anti-LAG-3 antibodies 
with wild-type fucosylation (murine anti-LAG-3 chimeric parent 
mAb and its humanized variant GSK2831780; data not shown).

Antigen-stimulated T-cell proliferation was reduced in a 
dose-dependent manner by GSK2831781. Blockade of NK-
mediated cell killing with anti-CD16 countered this reduction in 
proliferation, suggesting ADCC was the dominant mechanism of 
killing (Figure 2). GSK2831781 inhibited the interaction between  
LAG-3 and its cognate MHCII ligand in a dose-dependent  
manner, demonstrating potential for competitive antagonism (data 
not shown). GSK2831781 did not increase proliferation, so we 
concluded it did not antagonize the role of LAG-3 as a checkpoint 
inhibitory receptor.

Patient disposition and demographics
Part A randomized 40 healthy participants (of 330 screened) and 
part B randomized 27 patients with psoriasis (of 197 screened; 
Figure  2). All randomized participants completed the study 
(Figure  S1). The high initial screen failure rate for part A was 
principally due to the requirement for evidence of childhood vac-
cinations. The initial high screen failure rate in part B was mainly 

due to the requirement to stratify for pre-existing ADAs. Baseline 
patient characteristics are summarized in Table 1.

Safety and tolerability
No safety or tolerability concern was identified following a sin-
gle i.v. dose of GSK2831781 up to 5 mg/kg. AEs were reported in 
17 of 26 (65%) healthy participants receiving GSK2831781 and 
8 of 14 (57%) receiving placebo in part A, and 16 of 18 (89%) of 
patients with psoriasis receiving GSK2831781 and 9 of 9 (100%) 
receiving placebo in part B (Table 2). AEs were balanced across 
treatment groups, except for back pain in part B, reported by 6 of 
18 (33%) patients in the GSK2831781 group and none in the pla-
cebo group; each episode was mild or moderate with no temporal 
relationship to dosing, and no episode was considered related to 
study treatment by the investigators. There was no imbalance in 
incidence of infections between groups. There was one serious AE 
of worsening of osteoarthritis, occurring 4 days after randomiza-
tion to GSK2831781 at a dose of 5 mg/kg; the patient had a medi-
cal history of knee osteoarthritis and subsequently elected to have 
surgery. This event was not considered related to the study drug. 
There were no withdrawals or deaths.

There was no clinically significant pattern in vital signs, electro-
cardiograms, or laboratory parameters, nor in serum IL-6, IL-8, 
IFN-γ, or granulocyte-colony stimulating factor concentrations. 
Minor, transient increases in serum TNF-α were observed at all 
doses of GSK2831781 from 6 hours post dose, returning toward 
baseline by 48 hours, with no clear dose−response relationship; all 
values fell within the normal range (0.0–32.5 pg/mL36).

There was no biologically meaningful change in peripheral 
blood T-cell counts (including CD4+ and CD8+ subsets) or B 
cells. Minor, transient reductions (mean ~ 50% of baseline) in NK 
cells were seen within 6 hours of dosing; counts were recovering 
within 72 hours and returned to baseline within 7–14 days.

Immunogenicity
Antidrug antibodies were observed in 8 of 44 (18%) of 
GSK2831781-treated participants at any time after dosing; 7 
of these were treatment-induced, and 1 was treatment-boosted 
(Table S2). These were generally of low titer, with most responses 
near the sensitivity of the assay (equivalent to a titer of 100). There 
was no evidence that pre-existing ADA increased the risk of 
treatment-boosted ADA and there was no effect of ADA on the 
incidence of AEs (Table 2) or the PK profile (Table S3) in this 
single-dose study.

Pharmacokinetics and target engagement
PKs were nonlinear, with the nonlinear process(es) saturated at 
doses ≥ 0.5 mg/kg (Figure 3a). Because of this nonlinearity, the 
terminal phase could not be determined and therefore terminal 
half-life and associated parameters (including area under the 
concentration time-curve from time zero to infinity (AUC0–∞)) 
could not be derived, and so AUC from time 0 to the time of 
the last quantifiable concentration (AUC0–t) is reported instead. 
Maximum plasma concentration (Cmax), but not AUC0−t, in-
creased proportionally with dose (Table S3). Total sLAG-3 lev-
els (free and GSK2831781-complexed) increased upon dosing 

Figure 2 Characterization of GSK2831781, an affinity-enhanced and 
ADCC-enhanced afucosylated IgG1 LAG-3-specific mAb. Fold change 
in the proliferation of CD4+ antigen-specific T cells in the presence of 
GSK2831781 alone and with anti-CD16, relative to untreated antigen 
stimulation controls. ADCC, antibody-dependent cellular cytotoxicity; 
IgG1, immunoglobulin G1; mAb, monoclonal antibody; PBMC, 
peripheral blood mononuclear cell.
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with GSK2831781, plateauing at doses ≥ 1.5 mg/kg (indicating 
target saturation; Figure  3b). The terminal decline in sLAG-3 
concentration occurred at the same rate as the terminal decline 
in plasma GSK2831781 concentration, again suggesting that 
target-mediated drug disposition could explain the nonlinearity. 
Target engagement (membrane LAG-3 binding to competitive 
antibody) in peripheral blood occurred in a dose-dependent man-
ner at doses as low as ≥0.04  mg/kg (competitive antibody data 
not shown).

GSK2831781 depletes circulating LAG-3+ T cells in a dose-
dependent manner
At baseline, mean numbers of circulating LAG-3+ central and ef-
fector memory T cells were variable, ranging from 282 to 1,799 
cells/mL of blood. Depletion of these T cells by GSK2831781 was 
dose-dependent from 0.15 mg/kg (Figure 3c), with near-complete 
depletion at doses of 1.5 and 5 mg/kg. This was followed by re-
pletion from days 43−57, coinciding with reduced GSK2831781 
plasma concentrations (Figure 3c).

DTH model
There was no difference in the change from baseline in skin indu-
ration between placebo and the 0.15 mg/kg dose of GSK2831781 
following tuberculin purified protein derivative challenge/
re-challenge in healthy participants. At this dose, transient partial 
LAG-3+ T-cell depletion was observed in blood, with no LAG-3+ 
T-cell depletion in skin (Figure  S2); therefore, skin pharmacol-
ogy data were considered insufficient to evaluate the mechanism 
of action.

GSK2831781 depletes LAG-3+ and CD3+ cells in psoriasis 
plaques
At day 1, psoriasis plaque biopsy LAG-3+ cell counts were low 
(compared with CD3+ cell counts) in all groups. There were trends 
to a dose-dependent reduction in LAG-3+ cells in the dermis and 

epidermis of psoriatic lesions, with complete depletion in 3 of 3 
(dermis) and 3 of 5 (epidermis) postdose samples at the 5 mg/kg 
dose of GSK2831781 (Figure 4).

A dose-dependent reduction in CD3+ T cells was observed in 
the dermis that was significant at the 5  mg/kg dose (estimated 
mean difference from placebo in change from baseline of CD3+ 
cells −53.34 cells/mm2 (95% CI −91.83 to −14.85; Figure 4).

Pharmacologic markers: Ki67 and epidermal thickness
Keratinocyte proliferation, determined by Ki67 staining of the 
epidermis, was decreased at day 29 with GSK2831781 vs. placebo 
(Table S4). Epidermal thickness values were highly variable: there 
was a larger mean reduction with placebo than GSK2831781 
(Table S3).

Depletion of LAG-3+ cells is accompanied by changes in 
gene expression in skin
Analyzing genes associated with the T helper (Th)1/Th17 
signaling axis implicated in psoriasis pathogenesis, we found 
treatment with GSK2831781 at 5  mg/kg was associated with 
> 1.5-fold downregulation of proinflammatory genes (IL-17A, 
IL-17F, IFNγ, and S100A12), whereas IL-12 and IL-23, which 
direct Th-cell differentiation, were unchanged (Figure  S3, 
Table S5).

Analyzing genes associated with skin tight junctions, which 
are dysfunctional in psoriasis, we found upregulation (≥ 1.5-fold 
change) of CDHR1 with GSK2831781 (Figure  S3, Table  S5), 
which may signify improved skin barrier function. There were 
no changes in Treg-associated IL-10 and FOXP3 (Figure  S3; 
Table S5).

Epigenetic quantification37 of skin leukocytes by qRT-PCR 
showed that, consistent with immunohistochemistry data 
(Figure 4), there was a dose-dependent trend toward a reduction 
in CD3+ T cells and a weak trend toward a reduction in LAG-3+ 
cells at 5 mg/kg (Figure 4b). A weak trend toward reduction in 

Table 1 Baseline demographics and clinical characteristics of healthy participants (part A) and patients with psoriasis  
(part B)

Part A: Healthy  
participants (N = 40)

Placebo 
(n = 14)

GSK2831781

0.0003 mg/kg 
(n = 1)

0.0015 mg/kg 
(n = 1)

0.0075 mg/kg 
(n = 6)

0.04 mg/kg 
(n = 6)

0.15 mg/kg 
(n = 12)

Age, years, mean (SD) 46.4 (12.3) 21.0 (−) 53.0 (−) 46.7 (20.8) 39.7 (12.5) 50.7 (10.1)

Male, n (%) 14 (100) 1 (100) 1 (100) 6 (100) 6 (100) 12 (100)

Weight, kg, mean (SD) 85.5 (9.6) 70.7 (−) 87.0 (−) 84.2 (10.8) 82.6 (12.0) 79.2 (8.9)

Part B: Patients with  
psoriasis (N = 27) Placebo (n = 9)

GSK2831781

0.5 mg/kg (n = 6) 1.5 mg/kg (n = 6) 5 mg/kg (n = 6)

Age, years, mean (SD) 45.3 (13.1) 47.2 (8.2) 48.5 (13.6) 51.8 (5.4)

Male, n (%) 5 (56.0) 6 (100) 5 (83.0) 5 (83.0)

Weight, kg, mean (SD) 76.9 (14.6) 88.7 (15.3) 83.6 (12.0) 94.4 (10.4)

PLSS, mean (SD) 7.1 (1.1) 6.5 (1.4) 7.7 (1.4) 6.5 (0.8)

PASI, mean (SD) 10.3 (4.5) 6.8 (2.4) 14.1 (6.6) 9.2 (4.1)

Total BSA, mean (SD) 12.7 (8.9) 6.7 (5.0) 18.2 (10.5) 10.7 (6.9)

BSA, body surface area; PASI, Psoriasis Area Severity Index; PLSS, Psoriasis Lesion Severity Score.
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CD4+ T-cell numbers was also seen. Consistent with qRT-PCR 
analysis, IL-17A+ cells were reduced in the 5 mg/kg group. A weak 
trend toward reduction in FoxP3+ cells suggested that LAG-3 may 
also mark a subpopulation of Tregs (Figure S3).

Clinical end points
PLSS and PASI scores showed an improvement to day 43 in 
all GSK2831781 treatment groups compared with placebo 
(Figure 5a). At day 29, there was a reduction from baseline in PLSS 
and PASI scores in the 5  mg/kg group compared with placebo  
(estimated difference from placebo at day 29: PLSS − 2.0, 95% CI 
−3.57 to −0.44; PASI −3.3, 95% CI −6.28 to −0.35; Table S6). 
There was a return toward baseline in both measures after day 
57, consistent with drug clearance and repletion of LAG-3+  
cells. The change in psoriasis in one illustrative patient who re-
ceived a 1.5 mg/kg dose of GSK2831781 is shown (Figure 5b).

Four participants received disease-modifying topical therapies 
after the protocol-restricted period (defined as day 43). Two were 
placebo-treated patients. One patient who received GSK2831781 
0.5  mg/kg was treated with hydrocortisone from days 111 to 
113; and one patient who received 5 mg/kg of GSK2831781 was 
treated with clobetasol for pityriasis from days 199 to 214. In both 
cases, this exposure was long after clearance of GSK2831781. No 
individual withdrew from the study due to worsening of psoriasis, 
or the need for prohibited rescue medication.

DISCUSSION
This clinical study is the first to report the pharmacology and 
clinical improvement in psoriasis disease activity following the 
targeted depletion of immune cells expressing LAG-3 (a nega-
tive regulator) as a marker of recent cell activation using a novel 
mAb GSK2831781. The role of LAG-3+ T cells in autoimmune 
disease is incompletely understood but relatively higher LAG-3 
expression in tissues (as compared with blood) is a marker of 
pathogenic autoreactive T cells that are chronically activated.12 
Given the interest in manipulating LAG-3 in both oncology and 
autoinflammatory diseases, its function and impact is of con-
siderable scientific interest. In order to deplete LAG-3+ cells, 
we generated an ADCC-enhanced afucosylated antibody using 
POTELLIGENT technology with high affinity for LAG-3, 
GSK2831781.

No safety or tolerability concern was identified up to a maxi-
mum single 5  mg/kg i.v. dose of GSK2831781, and notably, no 
increase in infection was observed. In keeping with the low propor-
tion of LAG-3+ cells in blood, no consistent or sustained change 
in blood lymphocyte or T-cell counts was observed, other than a 
minor early transient reduction in NK cells.

Dose-dependent depletion of LAG-3+ cells was observed in 
blood and psoriatic skin, indicating that GSK2831781 is capable 
of depleting LAG-3+ cells both peripherally and in inflamed tissue. 
Depletion of LAG-3+ cells in blood was near-complete after single 

Table 2 Summary of adverse events (MedDRA preferred term) occurring in ≥ 2 participants per cohort in healthy 
participants (part A) or patients with psoriasis (part B)

Part A: Healthy  
participants (N = 40)a

Placebo 
(n = 14)

GSK2831781

0.0075 mg/kg
(ADA-ve)
(n = 6)

0.04 mg/kg
(ADA-ve)
(n = 6)

0.15 mg/kg
(ADA-ve)
(n = 6)

0.15 mg/kg
(ADA + ve)

(n = 6)

0.15 mg/kg
(combined)

(n = 12) Total (n = 24)

Any event, n (%) 8 (57) 5 (83) 6 (100) 3 (50) 3 (50) 6 (50) 17 (65)

Headache, n (%) 2 (14) 1 (17) 3 (50) 0 1 (17) 1 (8) 5 (19)

Back pain, n (%) 2 (14) 1 (17) 0 0 2 (33) 2 (17) 3 (12)

Nasopharyngitis, n (%) 2 (14) 0 2 (33) 1 (17) 0 1 (8) 3 (12)

Abdominal pain, n (%) 0 3 (50) 0 0 0 0 3 (12)

Oropharyngeal pain, n (%) 0 2 (33) 0 0 1 (17) 1 (8) 3 (12)

Part B: Patients with  
psoriasis (N = 27) Placebo (n = 9)

GSK2831781

0.5 mg/kg 
(n = 6)

1.5 mg/kg 
(n = 6) 5 mg/kg (n = 6) Total (n = 18)

Any event, n (%) 9 (100) 4 (67) 6 (100) 6 (100) 16 (89)

Headache, n (%) 4 (44) 1 (17) 3 (50) 2 (33) 6 (33)

Nasopharyngitis, n (%) 3 (33) 2 (33) 2 (33) 2 (33) 6 (33)

Back pain, n (%) 0 2 (33) 1 (17) 3 (50) 6 (33)

Oral herpes,b n (%) 1 (11) 2 (33) 0 1 (17) 3 (17)

Diarrhea, n (%) 1 (11) 2 (33) 0 0 2 (11)

Oropharyngeal pain, n (%) 0 0 2 (33) 0 2 (11)

Post-procedural inflammation,c 
n (%)

0 0 0 2 (33) 2 (11)

ADA, anti-drug antibodies; ADA-ve, ADA negative; ADA + ve, ADA positive; AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities.
aNo AEs were reported for cohorts 1 (0.0003 mg/kg, n = 1) and 2 (0.0015 mg/kg, n = 1).  bThree of 18 (17%) patients receiving GSK2831781 reported oral 
herpes infection, and 3 of 9 (33%) placebo-treated patients reported AEs of oral herpes, herpes zoster, and ophthalmic herpes zoster. cRelated to skin biopsy site.
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doses of 1.5–5 mg/kg, and lasted for several weeks, with repletion 
to baseline soon after drug clearance.

The PKs of GSK2831781 were nonlinear, with nonlinear pro-
cess(es) saturated at doses ≥ 0.5 mg/kg. Nonlinear PKs are often 
observed with mAbs, which is related to target-mediated drug dis-
position, in this case, likely through binding of GSK2831781 to 
its target, LAG-3, on T cells. Because the number of LAG-3+ T 
cells in blood is low (~ 1,000 cells/μL) compared with the concen-
tration of GSK2831781, the extent of nonlinearity we observed 
was not anticipated and cannot be explained solely by binding to 
LAG-3 on T cells (both in blood and in tissue). A tissue cross-reac-
tivity study using immunohistochemical techniques assessed spe-
cific and nonspecific binding of GSK2831781 with human tissues; 
no potential off-target binding was identified, and binding in the 
human tonsil, which was used as positive control for the study, was 

confirmed. However, GSK2831781 also binds sLAG-3, which is 
found at low concentrations in human serum.23–27 GSK2831781/
sLAG-3 complexes may be cleared more slowly than free sLAG-3, 
which would also explain the observation that total sLAG-3 con-
centrations increase upon administration of GSK2831781 and 
decrease with declining GSK2831781 concentrations. Increases in 
sLAG-3 are unlikely to be from shedding of LAG-3 from T cells 
given the low number of LAG-3+ T cells.

Although overall, LAG-3+ cells constitute only a small propor-
tion of T cells present in psoriasis lesions, their depletion led to 
an overproportionate reduction in tissue CD3+ cells, implying a 
broad impact on the disease process than might be anticipated 
based on the number of LAG-3+ cells in tissue at any one time. 
Although expression of LAG-3 is usually transient upon anti-
gen-dependent T-cell activation,24 its dynamic expression in 

Figure 3 Pharmacokinetics and pharmacodynamics of GSK2831781 in blood. (a) Plasma concentration-time profile of GSK2831781. 
(b) Individual serum concentration-time profiles of total sLAG-3. (c) Depletion of LAG-3+ T cells over time in blood following dosing with 
GSK2831781*. Only data up to 84 days after dose are shown. *Due to high variability in the data, all CD4+CD45RA− data > 2 times the 
individual baseline is shown at 200%. Dashed line in a represents lower limit of quantification of assay (10 ng/mL), b represents the 
individual’s baseline shown at 200%. Dashed line in a represents lower limit of quantification of assay (10 ng/mL), in b it represents the 
individual’s baseline count normalized to 100%.
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Figure 4 GSK2831781 depletes LAG-3+ and CD3+ T cells in psoriatic skin lesions. (a) Observed mean (±SE) LAG-3+ and (±SE) CD3+ cell 
counts in the dermis and epidermis following administration of GSK2831781 or placebo. (b) Representative IHC photomicrographs of LAG-3+ 
(×20 magnification; arrows point to LAG-3+ cells) and CD3+ (×10 magnification) stained psoriatic skin biopsies. IHC, immunohistochemistry.
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inflamed tissues where there may be persistent antigen expression, 
is not known. Therefore, we cannot determine whether the re-
duction in dermal T cells was due to either direct depletion (via 
asynchronous transient expression of LAG-3 on the broader pop-
ulation of T cells over time), or the downstream effects of deplet-
ing a small but auto-reactive subset of LAG-3+ T cells, or both.

The amelioration of clinical parameters and of the histolog-
ical and transcriptomic biomarkers of inflammation (following 
treatment with GSK2831781) are in contrast with literature that 
has previously focused on the role of LAG-3 expression on Tregs 
and IL-10+ Tr1 cells.16,18,38–40 Two key lines of evidence from the 
current clinical study suggest that the expression of LAG-3 on 
Tregs or Tr1 cells in patients with active inflammation is limited 
and/or not a dominant mode of tolerance. First, there was no 
consistent reduction in IL-10 or FOXP3 expression in skin biop-
sies post-treatment and, second, psoriasis activity was improved 
rather than exacerbated. Together, these data suggest that LAG-3 
may preferentially mark pro-inflammatory pathogenic T cells 
in this disease context. Epigenetic analysis revealed that FoxP3+ 
Tregs showed a minor trend toward reduction, although this was 
accompanied by a reduction in IL-17A+ cells in the skin. Thus, 
GSK2831781 may deplete both Tregs and Th17 cells, modulating 

anti-inflammatory and pro-inflammatory arms, respectively, but 
ultimately ameliorate disease by abrogating the numerically dom-
inant pathogenic cells. No immune-related AEs were recorded 
in this study, although only a single dose of GSK2831781 was 
administered to a small number of participants. Checkpoint in-
hibitors, including LAG-3, have been associated with the func-
tional state of T-cell exhaustion mainly in chronic viral infection, 
parasitic disease, and cancer.41–45 The role of exhausted T cells in 
autoimmunity is unclear; however, we hypothesize that similar to 
chronic infection, persistent exposure to antigen under autoim-
mune conditions may induce auto-reactive T cells to upregulate 
inhibitory receptors, such as LAG-3. Thus, by utilizing LAG-3 
as a marker for depletion, our therapeutic strategy may selectively 
eliminate auto-reactive pathogenic T cells and thereby block the 
central node of autoimmunity.

There were some limitations to the study. As this was a first-
time-in-human study, cohort sizes at each dose level were neces-
sarily small and clinical evaluations envisaged as exploratory. The 
number of biopsies was chosen to minimize patient burden, and 
sampling of uninvolved (nonlesional) skin would have improved 
our understanding of LAG-3+ cells, epidermal thickness, and the 
biomarkers in uninflamed tissue. In addition, there was difficulty 

Figure 5 PLSS and PASI scores over time in patients with psoriasis. (a) Observed mean (±SE) change from baseline* in PLSS and PASI 
following administration of GSK2831781 or placebo to patients with psoriasis. (b) Illustrative photograph of one participant showing a 
response following a GSK2831781 1.5 mg/kg. *No assessment at day 85 for 0.5 mg/kg treatment group. PASI, Psoriasis Activity Severity 
Index; PLSS, Psoriasis Lesion Severity Score.
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with processing biopsy material, which reduced the number of 
paired samples for the calculation of change from baseline. Last, 
technical assay difficulties prevented co-staining of biopsies for 
LAG-3+/CD3+ cells, so direct evaluation of the proportion of 
recently activated (LAG-3-expressing) CD3+ cells at baseline and 
following treatment could not be performed.

In this first clinical experience with GSK2831781, single doses 
up to 5  mg/kg were well-tolerated and caused a dose-related de-
pletion of LAG-3+ T cells in blood and a reduction of LAG-3+ 
and CD3+ cells in psoriatic skin. There were further positive 
downstream effects on pro-inflammatory and epithelial integrity 
transcripts in psoriatic plaques, and GSK2831781 was associated 
with a reduction in disease activity in patients with mild-to-mod-
erate psoriasis. These favorable mechanistic, pharmacological, and 
clinical outcomes in psoriasis may also be realized in other T-cell-
mediated inflammatory diseases.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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