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PD-L1 ligation induces differential 

signaling in iTregs and Teffs

PD-L1-/- LECs have enhanced zipper junctional VE-cadherin, ZO-1, VCAM-1, and Lyve-1

PD-1 licenses activated Treg for lymphatic migration
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Material and Methods
Mice: C57BL/6J (B6), B6.CD45.1,

B6.Foxp3GFP, B6.PD-1 knock out (KO), and

B6.PD-L1 KO mice were used. All animal

experiments were performed in accordance

with Institutional Animal Care and Use

Committee approved protocols. Cells:

Primary dermal LECs of B6 mice (C57-

6064L) or human (H-6064L) (Cell Biologics,

Inc. Chicago, IL). CRISPR/Cas9 PD-L1KO

mouse LECs were made in our laboratory.

Flow Cytometry (FC), Immunoblotting

(IB), and Immunohistochemistry (IHC):

See reference #3. In vitro transendothelial

migration (TEM): LEC cell layers in Boyden

Chambers were loaded with 2x105 migrating

cells to the upper chamber, while the lower

chamber contained 50 ng/mL CCL19, 200

ng/mL CCL21, or 200 mM S1P. Cells

migrated to the lower chamber were counted

after 3 hours at 37o C. Statistical Analysis:

A p-value of <0.05 was considered

significant for one-way ANOVA and Student

t-tests using Prizm 5 software.
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iTregs express the highest levels of PD-1 among CD4 T cell subsetsProgrammed death-1 (PD‐1) is a checkpoint

protein which is highly expressed on activated T

and B lymphocytes1. PD-1 ligand 1 (PD-L1) is

widely expressed in diverse cells including

antigen presenting cells (APCs) and non-

hematopoietic cells (including endothelial cells

and tumor cells). PD-1 binds PD-L1 and PD-L2;

PD-L1 binds PD1 but also CD80. The PD-1/PD-

L1 pathway is reportedly critical for the induction

and maintenance of tolerance to allografts1. Treg

egress from inflamed tissues to draining LNs is

important for immune tolerance and graft

survival2. Anti-PD-1 antibodies (Abs) have been

effective anti-tumor therapeutics and are

generally believed to target and reverse T effector

cell (Teffs) exhaustion, hence effectively checking

tumor growth. However, there is resistance to PD-

1/PD-L1 blockade which also causse increased

Tregs and their immune suppressive function in

tumor infiltrating lymphocytes (TILs). PD-L1 is

constitutively expressed on lymphatic endothelial

cells (LECs). Expression is increased in inflamed

tissues and the tumor microenvironment. We

hypothesized that Treg PD-1 interacts with LEC

PD-L1 to regulate Treg transendothelial migration

(TEM) and function.

Figure 6. (A) Immunoblots of Akt, NFkB-p65, and ERK phosphorylation in LECs stimulated with mouse PD-1 Ig, CD80

Ig or hIgG1. (B and C) LECs pretreated with inhibitors of NFkB (NFkBin), PI3K (PI3Kin), or ERK (ERKin) and

stimulated with PD-1 Ig or CD80 Ig for 16 hours. Flow cytometry for VCAM-1 (B) and histology of VE-Cadherin (C).

PD-1/PD-L1 signals through Akt and NFkB-p65  to regulate VCAM-1 and through 

PI3K/Akt and ERK to modulate VE-cadherin to enhance TEM
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Figure 1. Analysis of PD-1, PD-L1, and CD80 expression on mouse (A) or human (B) T cell

subsets. DMFI shown.
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Figure 2. Analysis of PD-1 and PD-L1 expression on 

mouse  and human LECs. DMFI shown

Figure 3. (A and D) TEM model with T cell or LEC treatment. (B and C) TEM of mouse iTregs or

Teffs treated with indicated various doses of mAbs to mouse PD-1 (Rmp1-14) or PD-L1 (10F.9G2);

or human PD-1 (EH12.2H7) or PD-L1 (29E.2A3). (E and F) TEM of Tregs or Teffs crossing mouse

(E) or human (F) LECs treated with 2 mg/mL of indicated PD-L1 mAbs 10F2H11 blocks PD-L1-

CD80; MIH3 blocks PD-L1-PD-1 interaction.10F9G2 or 29E2A3 block both PD-1 and CD80

interactions with PD-L1.

Blocking PD-1 on Tregs, CD80 on Teffs, or PD-L1 on LECs inhibits TEM

Figure 5. Immunoblots of Akt, NFkB-p65 and ERK

phosphorylation in iTregs or Teffs stimulated with 2 mg/mL

mouse PD-L1 Ig or human (h) IgG1.

❖ iTregs use PD-1/PD-L1 for lymphatic TEM

❖ LEC PD-L1 signals through NFkB-p65 and Akt to increase VCAM-1 and through ERK and PI3K/Akt to 

decrease VE-cadherin to enhance TEM

❖ The increased IFNg+Tregs in the TILs may contribute to melanoma regression after anti-PD-1 treatment
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Figure 4. (A) Time-lapse imaging of wild type (WT), PD-1 KO (PD-1-/-), and PD-L1 KO (PD-L1-/-)

iTreg movements during TEM. (B) TEM of WT, PD-1-/- and PD-L1-/- iTregs.
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Figure 7. (A) Whole-mount ear staining of VE-cadherin, ZO-1 and Lyve-1 in WT and PD-L1-/- mice. LV, lymphatic 

vessel; BV, blood vessel. Arrow heads: button junctions; arrows: zipper junctions. (B) VCAM-1 in CRISPR/Cas9 PD-

L1-/-mLECs. (C) TEM of T cells crossing CRISPR/Cas9 PD-L1 -/- mLECs.
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PD-1 blockade prevents Treg egress from tumor to the draining LNs 

and increases Treg conversion to CD25- IFNg highTregs
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Figure 8. (A) Scheme of intratumoral Treg transfer. Flow for transferred CD45.1+Tregs in melanoma TILs and draining 

LNs (dLNs) (B) and CD25, IFNg and T-bet in TILs (C).
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