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Supplemental Figure S1. HyIL-6 vs IL-6 effect on human primary activated CD4+ T cells and expression 
levels of gp130 and IL-6Rα in different subpopulations of human T cells. Related to Figure 1. A) STAT1 
and STAT3 phosphorylation in response to exposure time of HyIL-6 and IL-6 stimulation in activated primary 
human CD4+ T cells. B) Levels of expression of gp130 (left panel) and IL-6Rα (right panel) expressed as fold 
change in different population of resting primary human CD4+ and CD8+ T cells. Data represents mean ± SEM 
calculated from three individual biological replicas. 

 
 
 
 
 

SUPPLEMENTARY FIGURE 1

0

10

20

30

40

50

n
a
iv
e

c
e
n
tr
a
l 
m

e
m

o
ry

 

e
ff
e
c
to

r 
m

e
m

o
ry

 

g
p
1
3
0
 e

x
p
r
e
s
s
io

n

(
fo

ld
 c

h
a
n
g
e
)

n
a
iv
e

c
e
n
tr
a
l 
m

e
m

o
ry

 

e
ff
e
c
to

r 
m

e
m

o
ry

 

IL
6
R

α
 e

x
p
r
e
s
s
io

n

(
fo

ld
 c

h
a
n
g
e
)

0

5

10

15

20

25

na
ive

Cen
tra

l M
em

or
y

Effe
ct

or
 M

em
or

y
0

5

10

15

20

25

fo
ld

 e
xp

re
ss

io
n

 IL
6R

a

IL6Ra naive
CD4

CD8

na
ive

Cen
tra

l M
em

or
y

Effe
ct

or
 M

em
or

y
0

10

20

30

40

50

fo
ld

 e
xp

re
ss

io
n

 g
p

13
0

GP130 naive

CD4

CD8

CD4

CD8

CD4

CD8

B

0 50 100 150 200
0.0

0.5

1.0

1.5

P-STAT1 Tyr701 Normalised

HyIL6 20nM

IL6 100nM

0 50 100 150 200
0.0

0.5

1.0

1.5

P-STAT3 Tyr705 Normalised

HyIL6 20nM

IL6 100nM

0 50 100 150 200
0.0

0.5

1.0

1.5

Ratio P-STAT1/P-STAT3 Tyr Normalised data

HyIL6 20nM

IL6 100nM

p
Y

7
0
1
-
S

T
A

T
1
 M

F
I

(
F

o
ld

 c
h
a
n
g
e
)

0.0

0.5

1.0

50 100 150

Minutes

1.5

0 200 50 100 150

Minutes

0 200 50 100 150

Minutes

0 200

p
Y

7
0
5
-
S

T
A

T
3
 M

F
I

(
F

o
ld

 c
h
a
n
g
e
)

0.0

0.5

1.0

1.5

p
Y

-
S

T
A

T
1
/p

Y
-
S

T
A

T
3
 M

F
I

(
F

o
ld

 c
h
a
n
g
e
)

0.0

0.5

1.0

1.5

-3 -2 -1 0 1 2 3
0.0

0.5

1.0

1.5

log[Agonist], M

P-STAT1 Y701 CD4 Normalised data

HyIL6

IL6
HyIL-6

IL-6

-3 -2 -1 0 1 2 3
0.0

0.5

1.0

1.5

log[Agonist], M

P-STAT1 Y701 CD4 Normalised data

HyIL6

IL6
HyIL-6

IL-6

-3 -2 -1 0 1 2 3
0.0

0.5

1.0

1.5

log[Agonist], M

P-STAT1 Y701 CD4 Normalised data

HyIL6

IL6
HyIL-6

IL-6

A



 
 
Supplemental Figure S2. Phospho-FLOW analyses of the HyIL-6 signalosome in resting and activated 
human primary CD4+ and CD8+ T cells: Time-course. Related to Figure 1. A) Time-course data of the 
changes induced by HyIL-6 in the phosphorylation state of the main signaling pathways in resting human primary 
CD4+ and CD8+ T cells unstimulated, treated with HyIL-6 or with anti-CD3+Interleukin-2, as shown in Figure 
1C. B) Time-course data of the changes induced by HyIL-6 in the phosphorylation state of the main signaling 
pathways in activated human primary CD4+ and CD8+ T cells unstimulated, treated with HyIL-6 or with anti-
CD3+Interleukin-2, as shown in Figure 1D. For all experiments data represents mean ± SEM calculated from 
three individual biological replicas. 
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Supplemental Figure S3. Effect of Tofacitinib in the HyIL-6-induction of Tyr and Ser phosphorylation in 
STAT3 and STAT1 in resting and activated primary human CD4+ and CD8+ T cells (A-D) and Proteins 
regulated by HyIL-6 in human primary CD4+ Th-1 cells (E). Related to Figures 1 and 2. A) Time-course of 
STAT1 Tyr701 (left panel) and Ser727 (right panel) phosphorylation induced by IL-6 stimulation in the 
presence (dash line) or absence (solid line) of 2µM Tofacitinib in resting primary human CD4+ and CD8+ T 
cells. B) Time-course of STAT3 Tyr705 (left panel) and Ser727 (right panel) phosphorylation induced by IL-6 
stimulation in the presence (dash line) or absence (solid line) of 2µM Tofacitinib in resting primary human 
CD4+ and CD8+ T cells. C) Time-course of STAT1 Tyr701 (left panel) and Ser727 (right panel) 
phosphorylation induced by IL-6 stimulation in the presence (dash line) or absence (solid line) of 2µM 
Tofacitinib in activated primary human CD4+ and CD8+ T cells. D) Time-course of STAT3 Tyr705 (left panel) 
and Ser727 (right panel) phosphorylation induced by IL-6 stimulation in the presence (dash line) or absence 
(solid line) of 2µM Tofacitinib in activated primary human CD4+ and CD8+ T cells. For all experiments 
quantitative data was calculated from three individual biological replicas. Error bars show mean ± SEM. E) The 
scheme shows the cellular location (See Supplementary Figure 5) and molecular function of the proteins 
regulated by phosphorylation in response to HyIL-6 stimulation in human primary CD4+ Th-1 cells as 
determined by DAVID analysis. Refer also to Supplementary Figure 4. 
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Supplemental Figure S4. Cellular location of the proteins regulated by HyIL-6 in primary human Th-1 
cells. Related to Figure 2. GO analysis of the cellular location of the proteins regulated by phosphorylation in 
human primary CD4+ Th-1 cells in response to HyIL-6 alongside with a table showing the different proteins 
identified in our study and their subcellular location as inferred from our GO analysis.  
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Supplemental Figure S5. Role of CDKs in the regulation of Ser727 STAT3 and STAT1 phosphorylation. 
Related to Figures 3 and 4. A) Effect of different CDK inhibitors on the STAT3 Tyr705 (left panel) and 
STAT3 Ser727 (right panel) phosphorylation induced by HyIL-6 in human primary CD8+ T cells. B) Kinetics of 
the HyIL-6-induced STAT3 Tyr705 (left panel) and Ser727 (right panel) phosphorylation in the presence of 
different CDK inhibitors in human primary CD4+ T cells. C) Kinetics of the HyIL-6-induced STAT3 Tyr705 
(left panel) and Ser727 (right panel) phosphorylation in the presence of different CDK inhibitors in HEK293T 
cells. D)  Effect of different CDK inhibitors on the STAT3 Tyr705 (left panel) and STAT3 Ser727 (right panel) 
phosphorylation induced by HyIL-6 in HEK293T cells. E) Effect of knocking-down CDK8 or CDK9 in the 
STAT3 Tyr705 (left panel) and STAT3 Ser727 (right panel) phosphorylation induced by HyIL-6 in HEK293T 
cells. F) Immunoblot analysis of the knocking-down of CDK8 or CDK9 in HEK293T cells. G) In vitro 
phosphorylation of STAT3 Ser727 by varying amounts of CDKs. Quantitation showing the dose response effect 
is shown alongside. For all experiments quantitative data was calculated from three individual biological 
replicas. Error bars show mean ± SEM. 
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Supplemental Figure S6. Regulation of Ser727 STAT3 phosphorylation in Hut78 cells. Related to Figure 
4. A) Effect of Torin1, Flavopiridol or MSC2530818 on the STAT1 Tyr701 (left panel), STAT3 Tyr705 (middle 
panel) and STAT3 Ser727 (right panel) phosphorylation induced by HyIL-6 in human primary CD4+ T cells as 
measured by phosphor-FLOW. B) Time-course of STAT1 Tyr701 (left panel), STAT3 Tyr705 (middle panel) 
and STAT3 Ser727 (right panel) phosphorylation induced by HyIL-6 in human primary CD4+ T cells in the 
presence or absence of Torin1, Flavopiridol or MSC2530818 as measured by phosphor-FLOW. C) STAT3 
immunoblot of Hut78 WT cells vs Crispr/CAS9 generated STAT3 KnDs Hut78 cells. Quantitation of the levels 
of STAT3 are shown in the graph. D) FACS analysis of the level of STAT3 Tyr705 phosphorylation in Hut78 
WT and the different STAT3 KnDs Hut78 cell lines upon 15 min HyIL-6 stimulation. E) FACS analysis of the 
expression of STAT3 WT-GFP or STAT3 S727A-GFP recombinant proteins in Hut78 STAT3 KnDs 
electroporated with pLV-CMV-GFPSpark plasmid. For experiments A-B quantitative data shows normalized 
data ± SEM of three individual biological replicas. 
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Supplemental Figure S7. CDK8 fine-tunes STAT3 transcriptional program. Related to Figure 6. A) 
Pathway analysis of differently expressed genes before and after HyIL-6, MSC or HyIL-6+MSC stimulation 
using Metascape (Zhou et al., 2019). Top 20 pathways are shown. B) Immunoblot analysis of the Ser2 and Ser5 
phosphorylation state of RPB1 in Th-1 cells treated or untreated with MSC2530818 upon HyIL-6 stimulation. 
Quantitative data shows normalized data ± SEM of three individual biological replicas. C) Scatter plot 
comparing the mean STAT3 binding intensity in n=2585 STAT3 bound regions between HyIL-6+MSC versus 
HyIL-6. D) Violin plot showing the mean STAT3 binding intensity in n= 4359 STAT3 bound regions across 
different stimulations. Peaks are identified by comparing HyIL-6+Flavo stimulation and input. P-values are 
determined by two-tailed Wilcoxon test (**** p<0.0001). E) Representative loci showing STAT3 binding 
across different stimulations. The height of the tracks are indicated at bottom right corner of the plots. F) Shown 
are the most significant de novo motifs identified in STAT3 bound regions after HyIL6, MSC or HyIL6+MSC 
stimulation (top) and the matched STAT3 motif (bottom) from JASPAR database using TOMTOM. 
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