
 

Supplemental Figure legends 

Figure S-1   Experimental protocol for recapitulation of CD8+ TIL lytic defect in vitro.  MCA38 

primary tumor cells were prepared by enzymatic digestion as described in ‘Materials and Methods’, 

washed by centrifugation and resuspension in HBSS 3 times, and plated at 200x106 cells/15 cm 

culture dish in complete RPMI overnight.  After the incubation, total primary tumor cells were 

harvested by gentle washing with a stream of cold HBSS and CD8+ TIL isolated by 

immunomagnetic beading.  CD8+ TIL recovered from the plated total primary tumor (‘p-TIL’) were 

analyzed for lytic activity and signaling events.  p-TIL lytic and signaling activity was always 

compared to freshly isolated CD8+ TIL prepared from the same tumor (‘nonlytic’).  Further, p-TIL 

were cultured in vitro for a minimum of 6 hr (plated at 2x106 cells/24-well) and subsequently 

analyzed for recovery of lytic and signaling activity (‘p-TIL recovered’).  Cultured p-TIL were 

compared to lytic TIL prepared from nonlytic TIL prepared from the same tumor as described in 

‘Methods’. 

 

Figure S-2  Localization of phosphotyrosinylated proteins and activated ERK TIL.  p-TIL and ‘p-

TIL recovered’ were obtained as described in the legend to Figure 2-4. TIL:tumor conjugates were 

formed and assessed for p-Tyr localization (A) and p-Erk localization (B) by confocal microscopy 

as described in (9).  Arrows indicate contact site.  The percentage of p-TIL with p-Tyr and p-Erk 

dispersed in a punctuate pattern is 80% and 72%, respectively (similar to freshly isolated nonlytic 

TIL of 77% and 93%, respectively).  The percentage of ‘p-TIL recovered’ with p-Tyr and p-Erk 

localized at the contact site is 57% and 52%, respectively (similar to recovered lytic TIL of 57% 

and 39%, respectively).  At least 50 TIL:tumor conjugates were counted for each experiment and 

was repeated at least twice.  This experiment shows that p-TIL resemble freshly-isolated nonlytic 

TIL in the distribution of phosphotyrosinylated proteins and also in the transient nature of that 

phenotype which is reversed upon brief in vitro culture in the absence of tumor.  This experiment 

has been repeated more than 5 times with equivalent results. 

 

Figure S-3   Schema for in vitro ‘reversion’ of the TIL lytic phenotype to the nonlytic phenotype.   

TIL are isolated by magnetic immunobeading and either used for co-culture experiments with 

various cell types, or are cultured in vitro for 6-18 hr in complete RPMI medium (without any 



additional supplements) to generate lytic TIL.  Lytic TIL are then cultured for different times, 

typically 6-12 hr, with various cells: primary tumor cells, primary tumor cells depleted of CD11b+ 

myeloid-derived suppressor cells, purified MDSC, or the cognate MCA38 tumor cell line.  CD8+ 

TIL are then re-purified by passage over magnetic columns (TIL retain the anti-CD8 magnetic 

beads) before analysis. 

 

Figure S-4   CD3ζ and p56lck localization in nonlytic and lytic TIL.  TIL:tumor conjugates were 

formed and assessed for CD3ζ and p56lck localization by confocal microscopy as described in (9).  

Arrows indicate contact site. The percentage of TIL with p56lck localized at the contact site is 39% 

(nonlytic) and 47% (lytic).  This experiment has been repeated more than 5 times with equivalent 

results. 

 

Figure S-5   Localization of Csk and Shp-2 in nonlytic TIL and lytic TIL.  TIL-tumor conjugates 

were formed for 2.5 min and assessed for protein localization by confocal microscopy as described 

(9).  Arrows indicate contact site. The percentage of TIL with localization at the contact site is: Csk, 

27% (nonlytic) and 8% (lytic); and Shp-2, 10% (nonlytic) and 43% (lytic). This experiment has 

been repeated more than 5 times with equivalent results. 

 

Figure S-6    

 TIL recognition of a tumor cell-surface ligand results in the tyrosine phosphorylation of a TIL 

Shp-1 adaptor protein/negative signaling receptor (middle panel).  Activation of the inhibitory 

signaling receptor in turn recruits Shp-1 into proximity with the most proximal kinase in the TCR 

signaling cascade (p56lck) in turn resulting in rapid TIL inactivation. The nature and kinetics of 

phosphatase-mediated inactivation of TCR signaling are in keeping with biochemical measurements 

of TIL signaling events. 

 Specifically, in nonlytic TIL, MHC-TCR interaction initiates cell activation through the TCR 

that is evidenced by transient p56lck activity (CD8 and p56lck are recruited to the contact site and 

p56lck is activated by transient increase in phosphorylation of Y394- top panel). This is sufficient to 

phosphorylate CD3ζ, which permits recruitment of ZAP-70 to the contact site. p56lck may even be 

sufficiently active to partially phosphorylate ZAP-70, which we observe (9).  Rapid inactivation of 

p56lck precludes sustained ZAP-70 activation, which we also observe (9). In addition, we propose 



that the transient p56lck activity is sufficient to phosphorylate the ITIMs on an inhibitory receptor in 

close proximity (as a result of/subsequent to its ligation from TIL contact with the tumor cell 

expressing the cognate ligand). Although speculative, perhaps Csk, localized to the TIL:tumor cell 

contact site (Fig S-5) can phosphorylate the ITIMs of the Shp-1 adaptor. This phosphorylated 

inhibitory receptor then serves as an adaptor for Shp-1. Shp-1 interaction with its adaptor induces 

its activation (observed by its increased tyrosine phosphorylation and activity in nonlytic TIL) and 

it dephosphorylates p56lck at Y394, causing p56lck rapid inactivation (bottom panel). As a result of 

p56lck inactivation by Shp-1, ZAP-70 is not fully activated resulting in a failure of nonlytic TIL to 

increase p-Tyrosine, flux calcium, and activate all other downstream TCR signaling events leading 

to failure to degranulate and kill tumor targets. In addition to the negative effect of Shp-1, positive 

regulators of TCR signaling, including p-Erk and Shp-2 are sequestered away from the 

immunological synapse and in nonlytic TIL hence cannot protect the TCR signaling cascade from 

Shp-1 activity. 
 

 


