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Abstract 133 words 

 

The maintenance and progression of tumors is largely associated with the weak ability of some 

cancer cell clones to engage the T Cell Receptor (TCR)  of  the infiltrating  CD8 T lymphocytes. 

However, whether factors from the tumor micro-environment (TME) can directly influence the 

TCR signaling stimulation by cancer cells remains illusive. Here, we show that, through its 

non-canonical pathway, TGF-β signaling represses the activation of the early TCR kinase 

protein LCK by stabilizing CSK through its action on FAK in the TME. Subsequently, TGF-  

signaling forces CD8 T cells to receive stronger TCR stimulation by cancer cell antigens to 

efficiently eliminate the tumor. Thus, this study reveals TGF-β as a unique cytokine of the TME 

capable to control the TCR activation threshold with direct consequences on cancer cell antigen 

immuno-editing and tumor maintenance.   

 

  

 

 

 

 

 



 

Introduction 

  The elimination of solid tumors by the immune system is mainly conditioned by the 

ability of cytotoxic CD8 T lymphocytes (CTL) to enter to the tumor and exercise their cytotoxic 

functions against cancer cells which bare cognate antigens capable to trigger their TCR.  

However, tumor analyses frequently showed that infiltrating CD8 T cells can remain inactivated 

in the TME, leading to tumor progression. These observations pointed-out that the existence of 

immunosuppressor factors in the TME that impair the activation of the recently recruited 

effector  CD8 T cells1. Deciphering these immunosuppressor mechanisms is thus essential to 

understand how tumors escape from the immune response and propose novel efficient targets 

for immunotherapies. 

Transforming Growth beta (TGF- ) is regarded as the most potent cytokine capable to 

block CTL activation, with direct consequences on tumor maintenance and progression2,3.  

Consequently, targeting TGF-  in TME or its signaling in CD8 T cells is currently an intense 

field of activity with numerous pre-clinical and clinical trials4.  However, the mechanisms by 

which this polypeptide represses CTL activation in the TME remain totally elusive.  

Three forms of TGF-  ( 1, 2 3) exit and   in the TME,  TGF-  1 is prevalent5,6.  

Within the tumor, the  source of TGF-  1 repressing CTL cell activation is largely provided by 

the cancer cells per se, whereas TGF-  produced by Cancer Associated Fibroblast (CAF) 

prevents the capacity of CD8 T cells from colonizing the tumor7–11. One particularity of TGF-

 is to be secreted in an inactive form. Hence, cancer cells secrete a form of TGF- 1 unable to 

interact with TGF-  receptor (TGF R) and thus to provide any signaling. This inactive form 

of TGF- 1 is largely stored on the extra-cellular matrix of the TME7. In the TME, the activation 

of TGF- 1 is essential to repress CTL functions and it is mainly provided by regulatory T cells 



(tregs) expressing the v 8 integrin7,12. Through the v 8 integrin, Tregs remove the Latent 

Associated Protein (LAP) which masks the site of TGF- 1 interaction with its receptor7,13. This 

collaboration between cancer cells and v 8pos  Tregs allows to provide the bio-active source 

of TGF- 1 which can signal in CTL and prevent their optimal activation  in the TME2,7.  

All forms of activated TGF-  signal through a common receptor, composed of two TGF-

βRI and two TGF-βRII receptors. Signaling is initiated by the binding of activated TGF-β to 

TGF- RII, which leads to the autophosphorylation of their kinase domains, which in turn 

phosphorylates the TGF-βRI. The latter then phosphorylates the receptor associated R-SMADs 

(SMAD2 and/or SMAD3), which then can bind to either SMAD4 or TRIM33. The complexes 

then migrate to the nucleus where they regulate the expression of various genes. In addition, to 

the SMAD4/TRIM33-dependent pathways, an alternative branch exists involving other actors 

such as MEK/MAP kinase14,15. Though the role for TGF-  signaling in preventing CTL 

activation in the TME is well admitted, its action mode remains totally elusive. 

 In the TME, CD8 CTL activation is initiated by the strength of the interaction of their 

TCR with  peptides embedded in major histocompatibility complex class I  (MHC-I)  present 

at the surface of cancer cells. This strength is dictated by both the number and the affinity of 

TCR /peptide-MHC interactions, which should be high enough to induce a fully efficient TCR 

signaling leading to the CTL activation16. According to the paradigm, constant pressure from 

the CTL response coupled with the genetic instability of cancer cells can select for cancer 

subclones with reduced immunogenicity that escape the immune recognition and thus 

destruction by CTL. However, whether this immunoediting process can be influenced by 

factors present in the TME is unknown.  

  In this study, we revealed that TGF-  signaling plays a role the immunoediting. We 

showed that TGF-  signaling in CD8 T cells favor the progression of poorly immunogenic 



cancer cells. By interfering with the early step of TCR signaling, TGF-  signaling in CD8 T 

cells increases the TCR activation threshold by cancer cell antigens that is mandatory for CTL 

to be functional in the TME and thus contribute to the maintenance and progression of weak 

immunogenic cancer cells. 

  

Results  

TGF-  prevents elimination of weak immunogenic cancer cell by CTL  

 A solid tumor is composed of cancer cells which can differ in their immunogenic 

potentials due to their expression of high or weak antigens for the TCR of infiltrating CD8 T 

cells. Thus, first, we analyzed whether activated TGF-  in the TME affects the ability of CTL 

to eliminate cancer cells dependently on their immunogenicity.  We took advantage  of  Foxp3-

CRE;Itgb8fl/fl  (TGF- low TME)  mice in which  TGF-  activation was selectively impaired in 

the TME7. Subsequently, in TGF- low TME mice, the TGF-  signaling in CD8 T cells was 

reported to be profoundly decreased and the CTL functions exacerbated7. Importantly, in TGF-

low TME animals, the recruitment of CD8 T cells within the TME is not affected7. To 

selectively target the TCR of CTL, we used the well-described  F5 TCR transgenic mice17. CD8 

T cells from F5; Rag2KO mice, which recognize H2-Db MHC-I loaded with A/NT/60/68 

influenza virus peptide (NP68)17 were activated in vivo after injection of the cognate peptide 

and then transferred in either TGF- low TME mice  or  their littermate control (TGF- high TME). 

To allow cancer cells to  engage F5 TCR with different strength, we  generated melanoma cell 

line baring strong  or  weak antigens for the F5 TCR due to a selective mutation in the NP68 

peptide, leading to a factor 1000 of ability to activate the F5 TCR between the two peptides17,18 

. In order to discriminate the two cancer cells within the tumor, the two clones expressed 

different fluorochromes, (Enhanced Green Fluorescent Protein and mRuby2). Notably, similar 



growth of each clone was observed in C57BL/6 mice (Figure S1A) and a 50:50 ratio 

(weak:strong) of cancer cells  was maintained  in CD3 KO mice (Figure  S1B),  ruling out any 

clone intrinsic defect of growth or a different in immunogenicity between the clone  that could 

be due to the  fluorochromes.  

In line with previous observations3,7, the implantation of the 50:50 ratio in TGF- high 

TME mice and TGF- low TME mice injected with activated F5 T cells led to a better control of 

the tumor growth in TGF- low TME mice than in TGF- high TME mice (Figure S1C, Figure 1A). 

Strikingly, 3 weeks after the implantation, the analysis of the tumor composition revealed a 

majority of weak immunogenic cells in TGF- high TME mice, whereas the cancer cell ratio 

remained 50:50 in tumor developing in TGF- low TME animal (Figure 1B-D). Hence, this 

observation suggests that TGF-  in the TME prevents the elimination of weakly immunogenic 

cancer cells by the CTL.  In line with this observation, contrary to control animals, in TGF- low 

TME mice tumor growth was more impaired and this irrelevant of the immunogenicity of the 

cancer cells (figure 1E). This the tumor growth impairment was associated with exacerbated 

cytotoxic functions of infiltrating CD8 T cells compared to control animals irrelevant of the 

immunogenicity levels (Figure 1F-I). Of note, this differential of activation of F5 T cells 

between TGF- low TME and TGF- high TME was lost when F5 lymphocytes expressed a TGF-

R constitutive active (RCA) (Figure S2A,B). Hence, this first set of data revealed that 

activated TGF-  in the TME signals in infiltrating CD8 T cells to  increase T cell activation 

threshold,  giving a selective advantage to  weak immunogenic cancer cells in the tumor. 

 

TGF-  signaling promotes LCK inactive conformation  

The weaker ability of CD8 T cells to respond to weak cancer cell antigens in presence 

of TGF-  strongly suggest that that TGF-  signaling could alter TCR signaling. This 



assumption was strengthened by the fact that we failed to observe any significant difference in 

the surface expression levels of the co-stimulatory molecules CD28, CTLA-4, ICOS and 

phosphatases CD45 and CD5 between F5 lymphocytes responding or not to TGF-  signaling 

(Figure S3). Hence, we focused our attention on early TCR signaling molecules, which respond 

to TCR engagement  and particularly the SRC kinase LCK whose activation  is known to be  

tightly controlled by conformational changes mainly relying on phosphorylation and 

dephosphorylation on two regulatory tyrosine residues Y505 and Y39419,20. Phosphorylation of 

LCK on Y505 leads to its inactivation and on Y394 promotes a conformation modification that 

activates its kinase activity19,20. In TGF- high TME mice, the ratio Y505/Y394 was in favor of 

the LCK inactivation in CD8 T cells infiltrating weak immunogenic cancer cells. In clear 

contrast, the active form of LCK was prevalent in CD8 T cells colonizing the TGF- low TME 

(Figure 2A,B).  Similar observations were made in mice baring a 50:50 ratio (strong:weak) 

(Figure S4A,B) Confirming a role for TGF-  signaling on the impairment of  LCK activation, 

we found that the  stimulation of purified  wild type CD8 T cells  with TGF- 1 was sufficient 

to shift the LCK conformation ratio in favor of the inactive state (Figure 2C,D). Of note, this 

differential of LCK conformation was lost when F5 lymphocytes expressed a TGF- R 

constitutive active (RCA) (Figure S2C,D) 

Given that TGF-  can signal through different pathways14,15, we next analyzed which 

branch of the signaling was involved in the increase of the levels of LCK inactive form. Because 

we failed to find any difference between wild type F5 T cells and F5 T cells deprived of both 

SMAD4 and TRIM 33 (Data not shown). We thus focused our attention on the non-canonical 

branch, known to involve P38 MAPK21. Fresh melanoma tumor section from CD45.1 C56BL6 

mice were ex vivo cultured in the presence of activated F5 T CD45.2pos cells previously treated 

with P38 MAPK inhibitor (P38MAPKi) (Figure S5A). Without treatment F5 T cells expressed 

a high level of inactive form of LCK. Strikingly, P38MAPKi treatment was sufficient to led to 



an strong decrease of LCK inactivated form (Figure 2E, F) Hence TGF-  signaling, through its 

non-canonical branch interacts with the early step of TCR signaling, favorizing a higher number 

of LCK molecules under their inactive form and thus increasing the threshold of activation of 

the TCR. 

 

TGF-  signaling promotes activation of FAK a stabilizer of CSK promoting LCK 

inactivation in CD8 T cells 

  Given that LCK activation is tightly regulated by the protein kinase CSK which is 

responsible of the phosphorylation of LCK on Y50522, we next assessed for the effect of TGF-

β on CSK expression. In line with the increase in pY505 LCK in CD8 T cells infiltrating TGF-

high TME, we observed higher expression levels of CSK in these cells compared to those 

colonizing TGF- low TME.  (Figure 3A, B). This observation was confirmed on CD8 T cells 

either deprived of TGF-  signaling or over activating this pathways (Figure 3C, D). Because 

we observed that csk mRNA expression remained constant independently of TGF-β signaling 

(data not shown), we then searched for CSK interacting proteins induced upon TGF-β signaling 

that could increase its stability. The Focal Adhesion Kinase (FAK) have been reported to 

stabilize CSK by maintaining the protein close to the plasma membrane23. In addition, TGF-  

signaling, through its non-canonical branch is known to promote FAK activation associated 

with its phosphorylation on Y39724–26. We thus assessed whether activated TGF-  of the TME 

could promote FAK activation in CD8 T cells. Strikingly the activated form of FAK was 1.5 to 

twice higher in CD8 T cells infiltrating the TGF- high TME compared to TGF- low TME (Figure 

4A, B). Confirming the role of TGF-  signaling we failed to find any difference in FAK 

activation between TGF- high TME and TGF- low TME when CD8 T cells expressed TGF-  

RCA (Figure 4C, D). Moreover, the addition of TGF 1 on wild type CD8 T cells was sufficient 



to increase the active form of FAK. (Figure 4E, F) and F5 cells expressing a constitutive active 

form of TGF RI (RCA) exhibited higher levels of activated FAK (Figure 4G, H).  Thus TGF-

 signaling in the TME active FAK, a stabilizer of CSK in infiltrating CD8 T cells. 

Because the aforementioned data imply that TGF- 1 could modify the LCK 

conformation through the activation of FAK, we next monitored the effects of a FAK inhibitor 

(FAKi) on the ability of TGF-  to promotes LCK inactivation. Fresh tumor slides were 

maintained in culture in the presence of either TGF- 1 or TGF 1 and FAKi (Figure S5B). The 

inactivation of FAK was sufficient to block the ability of TGF- 1 to promote the inactive form 

of LCK (pY505) and decrease its ability to repress the active form of LCK (pY394) in CD8 T 

cells infiltrating the tumors (Figure 4I, J).  The TGF-β1 inhibition is acting on the ratio of 

inactive/active form (Y505/Y394) of LCK, but this inhibition is more due to the effect on Y505 

than Y394.  

Hence, TGF-  signaling promotes the activation of FAK, which allows CSK stability 

promotes the increase of   LCK inactive conformation in CD8 T cells.  

TGF-  signaling pre-condition CD8 T cells to response to the TCR engagement 

Finally, the over activation of CTL irrelevant of the strength of the peptide bared by 

cancer cells suggested that TGF-  signaling could control the TCR tonic tickling known to 

precondition T cells to efficiently response once their TCR is specifically engaged27. In 

agreement with this assumption, we observed that F5 T cells which received permanent strong 

TGF-  signaling, due to the expression of a constitutively active TGF- R, exhibited an increase 

of LCK inactive conformation prior any TCR engagement (Figure 5A, B). In contrast, the active 

conformation of LCK was predominant in F5 T cells escaping TGF-  signaling controls (RKO).  

In line, with the ability of activated LCK to favor TCR clusters in the plasma membrane28–34, 

we observed TCR caping in  naïve F5 T cells escaping TGF-   control in association with the 



active form of LCK reminding memory cells (Figure 5C-E). In addition to the TCR caping and 

the LCK activation, we observed that signalization downstream the TCR signaling was 

functional in the absence of TGF-  control and cognate TCR engagement (Figure 5F, G). 

Hence, TGF-  prevents T cells from pre-activating their TCR signaling prior the TCR 

engagement with the cognate peptide increasing the threshold of activation of the TCR required 

to get fully activated.  

    

Discussion 

The action of CD8 T cells in the TME is regarded as essential to eliminate cancer cells 

and control tumor progression. In this study, we demonstrated that TGF-  present in the TME 

plays a CD8 T cell-intrinsic role by affecting the TCR activation threshold.  TGF-  signaling 

contribute to move LCK phosphorylation equilibrium towards its inactive conformation. This 

unbalance of LCK conformation is due to the ability of TGF-  signaling to activate FAK which 

stabilizes CSK a negative regulator of LCK activation. As a consequence of this, once TGF-  

signaling is kept in check, LCK is more under its active conformation, favorizing TCR signaling 

pre-activation, and thus response to weaker antigen stimulation. Hence CD8 T cells escaping 

TGF-  can efficiently eliminate cancer cells weakly immunogenic. At the opposite TGF-  

signaling, the TCR activation condition should be stronger and CD8 T cells only respond to 

high immunogenic cancer cells.  Hence, TGF-  signaling in CD8 T cells contribute to the tumor   

immune escape, by promoting survival advantages to weak immunogenic cancer cells.  

A link between TCR signaling and TGF-  signaling has been previously established. 

Indeed, after TCR engagement by cognate MHC-peptide complexes, the TGF-  signaling 

pathway has been shown to be altered. In contrast to weak TCR signaling, strong TCR signaling 

reduces TGF-  signaling by down-regulating TGF- RI, at both mRNA and protein levels, 



through the activation of CARD-11 and NFkB35. Hence, the strength of the TCR stimulation 

determines the inhibitory effects of TGF-  on T cells. The present study reports TGF-  

signaling also influence the intensity of the TCR response. Hence, we propose a crosstalk 

between TCR signaling and TGF-  signaling in T cells that is at the core of the CTL ability to 

efficiently eliminate all cancer cells. High levels of TGF-  have been proposed to sustain TGF-

 RI expression35, which will lead to the increase of TCR signaling activation threshold. This 

potent repressive mechanism is of importance in TGF-  highly enriched such as tumors, but 

also in immune-privilege sites, where T cell responses is largely impaired such as the eye, the 

placenta, the testis36,37. Rupture of this tightly tuned equilibrium between the two pathways can 

be of major consequences favorising tumor elimination but also promoting autoimmunity. 

Indeed, deprivation of TGF-  signaling in T cells is sufficient to lead to fatal early onset 

autoimmunity touching all the organs38,39. IL-6 has been proposed to prevent the ability of TGF-

 to sustain TGF- RI cell surface expression in response to strong TCR stimuli in vitro35. 

Whether the presence of IL-6 in the TME can repress TCR activation threshold should be 

addressed. However, in vivo IL-6 has been showed to have direct effects on epithelial cells and 

promote the transformation40 excluding a potential therapeutic approach with IL-6. 

TCR engagement leads to a tyrosine kinase cascade and ubiquitin-dependent signal 

termination41. The TCR has no intrinsic catalytic activity but forms a multisubunit complex 

with CD3, in which some of them have long cytoplasmic domains that contain ITAMs. The 

precise mechanism by which TCR engagement initiates ITAM phosphorylation is not clear, but 

might simply involve the local exclusion of phosphatases, such as CD4542. The Src family 

kinase LCK phosphorylates the ITAMs and under conditions of TCR ligation can rapidly 

initiate ITAM phosphorylation43. Previous work showed that LCK plays an important role in 

regulating autoimmunity since it has been described that specific deficiency of this kinase in T 

cells of patients with type 1 diabetes44 as well as an important role in the CTL function of CD8+ 



T cells in mice45. CSK was shown to have a key role in regulation TCR activation46 suggesting 

a tight proximal control of the TCR pathway through phosphorylation of LCK on inhibiting 

tyrosine Y505. We show that FAK, a key stabilizer of CSK to the plasma membrane23 is 

activated by TGF-  signaling in CD8 T cells. Similar link between FAK activation and TGF-  

signaling have been depicted in epithelial cells particularly during the Epithelial Mesenchymal 

Transition (EMT) involving the non-canonical branch of TGF-  signaling24–26. Hence, the FAK 

activation of by TGF-  seems playing a direct role on both the cancer cells and on CD8 T cells 

in the TME to promote cancer progression. Whether FAK inhibitors used in clinics contribute 

to increase the sensitivity of CD8 T cells to weak immunogenic cancer cells remains to be 

addressed 

In sum this study reveals an unsuspected cross talk between TGF-  signaling and TCR 

signaling with direct consequences on the CD8 T cells ability to eliminate weak immunogenic 

tumors. Moreover, it provides evidence that targeting TGF- /TGF-  signaling in the TME 

could constitute a promising approach to fully eliminate cancer cells even those with a weak 

immunogenicity.      

 

Materials and Methods:  



β





For Western blot analysis, 30 μg of protein was loaded on the gel, then separated by 12% SDS-

PAGE (Biorad), and transferred to a Hybond nitrocellulose membrane (Amersham Pharmacia 

Biotech) or PVDF membrane (Biorad). After transfer, the immunoblots were blocked by 

incubating with 5% BSA in Tris-buffered saline and 0.1% Tween 20. Next, the blots were 

probed overnight with the appropriate dilution of the primary antibodies anti-LCK from Cell 

signaling (2752), anti-pSrc pY416 from Cell signaling (210S) which recognizes LCK on 

pY394, anti-pLCK pY505 from Cell signaling (2751S), anti-CSK (sc-166560 Santa 

Cruz/4980S Cell signaling) anti-pFAK Y397 ( )HRP-conjugated 

anti-rabbit antibodies (Cell signaling 7074S), HRP anti-  actin (Abcam ab49900) for 1 h at 



room temperature. After washing, the blots were developed using the ECL chemiluminescence 

method (Sigma WBLUC0500). 
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