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Figure S3: Overlay of cytokine dose-response curves highlights that different cytokines have a comparable antigen
dose threshold and this conclusion holds for different antigen affinity. The dose-response curves for TNFα, IFNγ,
MIP1β and IL-2 were normalised by their respective Emax value for different affinity pMHCs (columns) and individual
donors (rows). Although the two lowest affinity pMHCs (4A5A, 4A5P8K) were omitted from the quantitative analysis
because accurate estimates of EC50 were not possible, representative curves highlight that they also share a common antigen
threshold. Additionally, MIP1β exhibited a shared antigen threshold but was omitted from the main text because it was not
measured in all experimental conditions. Normalisation of experimental data is described in Materials and Methods.
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Figure S4: CD28 co-stimulation does not alter the threshold for cytokine secretion. A) Representative dataset showing
secretion of TNFα, IFNγ and IL-2 as a function of supra-physiological affinity pMHC dose (4A) when T cells were co-
stimulated with different doses of CD86 ligand (colours). B) Top row: Normalised Emax of cytokine produced as a function
of CD86 dose confirms that co-stimulation amplifies cytokine secretion for individual cytokines or an overlay of all three
(right panel). Bottom row: CD86 co-stimulation has a minor impact on the EC50 of cytokine secretion in response to the
supra-physiological-affinity pMHC mutant. C-D) Direct comparison of normalised Emax (top) and EC50 (bottom) for TNFα,
IFNγ and IL-2 for different doses of CD86 ligand (columns) showing no significant and< 2fold differences between the three
cytokines independent of CD86 co-stimulation for (C) supra-physiological, from the plots in B and (D) physiological-affinity
pMHC (D) from plots in Fig. 3. Error bars are SD of mean. Normalisation of experimental data is described in Materials
and Methods. Solid lines in representative datasets are the fits used to extract Emax and EC50. ANOVA corrected for multiple
comparisons by Tukey’s test (*; p=0.0266).

4

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 25, 2020. ; https://doi.org/10.1101/2020.04.24.059766doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.24.059766
http://creativecommons.org/licenses/by/4.0/


1000ng500ng250ng63ng31ng16ng 125ngno Costim

C

D
Physiological Affinity

Supra-Physiological Affinity

A

B

In
cr

e
a

si
n

g

d
o

se
 o

f 
C

D
5

8

100 101 102 103
0

1000

2000

3000

4000

pMHC ligand (ng/well)

T
N

F
 (

p
g
/m

l)

100 101 102 103
0

2000

4000

6000

pMHC ligand (ng/well)

IF
N

 (
p
g
/m

l)

100 101 102 103
0

1000

2000

3000

4000

pMHC ligand (ng/well)

IL
-2

 (
p
g
/m

l)

TNF IFN IL-2

no costim. 102 103

0

10

20

30

CD58 ligand (ng/well)

E
m

a
x

(n
o
rm

a
lis

e
d
)

 p = 0.0072, r = 0.8810

no costim. 102 103

0

10

20

30

CD58 ligand (ng/well)

 p = 0.0046, r = 0.9048

no costim. 102 103

0

10

20

30

CD58 ligand (ng/well)

 p = 0.0004, r = 0.9762

no costim. 102 103
0.0

0.5

1.0

1.5

CD58 ligand (ng/well)

E
C

5
0

(n
o
rm

a
lis

e
d
)

 p = 0.0004, r = -0.9762

no costim. 102 103
0.0

0.5

1.0

1.5

CD58 ligand (ng/well)

 p = 0.0218, r = -0.8095

no costim. 102 103
0.0

0.5

1.0

1.5

CD58 ligand (ng/well)

 p = 0.0072, r = -0.8810

no costim. 102 103

0

10

20

30

CD58 ligand (ng/well)

E
m

a
x

(n
o
rm

a
lis

e
d
)

no costim. 102 103
0.0

0.5

1.0

1.5

CD58 ligand (ng/well)

E
C

5
0

(n
o
rm

a
lis

e
d
)

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

E
C

5
0

(n
o
rm

a
lis

e
d
)

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0

5

10

15

TN
F

IF
N IL

-2

0

5

10

15

TN
F

IF
N IL

-2

0

5

10

15

20

nsns ns ns

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

E
C

5
0

(n
o
rm

a
lis

e
d
) ** ns** ns

** ***

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

** ns

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0
**

** ns

**

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

nsnsnsnsnsnsnsns

TN
F

IF
N IL

-2

-2

0

2

4

6

8

E
m

a
x

(n
o
rm

a
lis

e
d
)

TN
F

IF
N IL

-2

-2

0

2

4

6

8

TN
F

IF
N IL

-2

0

2

4

6

8

TN
F

IF
N IL

-2

0

2

4

6

8

TN
F

IF
N IL

-2

0

5

10

15

TN
F

IF
N IL

-2

0

5

10

15

20

25

TN
F

IF
N IL

-2

0

5

10

15

20

25

TN
F

IF
N IL

-2

0

10

20

30

nsnsnsns ns

*
ns

ns

*
ns

ns

*
ns

ns

**
**

TN
F

IF
N IL

-2

-2

0

2

4

6

8

10

E
m

a
x

(n
o
rm

a
lis

e
d
)

TN
F

IF
N IL

-2

0

2

4

6

8

10

TN
F

IF
N IL

-2

0

5

10

15

TN
F

IF
N IL

-2

0

5

10

15

20

25

TN
F

IF
N IL

-2

0

10

20

30

nsnsnsnsnsnsnsns

TN
F

IF
N IL

-2

0.0

0.5

1.0

1.5

2.0

Figure S5: CD2 co-stimulation does not alter the threshold for cytokine secretion. A) Representative dataset showing
secretion of TNFα, IFNγ and IL-2 as a function of supra-physiological affinity pMHC (4A) dose when T cells were co-
stimulated with different doses of CD58 (colours). B) Top row: Normalised Emax of cytokine produced as a function of
CD58 dose confirms that co-stimulation amplifies cytokine secretion for individual cytokines or an overlay of all three (right
panel). Bottom row: CD58 co-stimulation has a profound impact on the EC50 of cytokine secretion in response to the supra-
physiological-affinity pMHC mutant. C-D) Direct comparison of normalised Emax (top) and EC50 (bottom) for TNFα, IFNγ
and IL-2 for different doses of CD58 (columns) showing no significant and < 2-fold differences between the three cytokines
independent of CD58 co-stimulation for (C) supra-physiological, from the plots in B and (D) physiological-affinity pMHC
(D) from plots in Fig. 4. Error bars are SD of mean. Normalisation of experimental data is described in Materials and
Methods. Solid lines in representative datasets are the fits used to extract Emax and EC50. ANOVA corrected for multiple
comparisons by Tukey’s test (**; p=0.005, ***; p=0.0007).
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