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The Supplementary Material contains:

Section S1: Modeling HIF-1α hydroxylation.
Section S2: Modeling inhibitors.
Table S1: Description of model variables.
Table S2: Table with collected experimental data used in this study.

S1 Modeling HIF-1α Hydroxylation
In normoxia, HIF-1α protein is hydroxylated through the hydroxylases FIH and PHD, the latter leading

to degradation of HIF-1α via the Von Hippel-Landau protein (not considered in our model). Following
previous work [4, 1], in the mathematical model (2)–(11) we assumed that FIH is at steady state, FIH(t) = ϕ
for all t ≥ 0, whereas PHD is upregulated by the HIF-1 complex (y6),

PHD′(t) = aP + kP y6(t) − dPPHD(t).

With quasi-steady state approximation, the dynamics of PHD in dependence of y6(t) reads

PHD = a11 + ∆y6(t),

where the parameters are a11 = aP /dP and ∆ = kP /dP . With the last relation we obtained from the
literature [4, 1] the values of a11 and ∆ as in Table 1 and Table 2.

The activity of hydroxylases is reduced in hypoxia or in hypoxia mimicking conditions (DMOG), inducing
HIF-1α accumulation. In the model, we included the oxygen-dependent activity of hydroxylases by means
of the oxygen binding force, KO2

. This is defined as a function of the O2 tension in the medium (x),

KO2
(x) :=

xn

xn + O2
n
crit

. (S1)

Comparison with previous literature [6, 2, 3, 5] suggests that O2crit ≈ 4%. With n = 2 we have
KO2

(21%) ≈ 0.96 and KO2
(1%) ≈ 0.06, which is comparable with parameters used previously [4].
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S2 Modeling Inhibitors
DMOG mimics natural hypoxia by inhibiting FIH and PHD activity thereby preventing HIF-1α hydroxy-

lation. In the model we included the term (1 − ρ6D) to reduce the oxygen dependent FIH/PHD binding
force KO2

in the presence of DMOG (D). Accordingly, the HIF-1α equation (8) is modified as follows:

y′4(t) = kαy9 − d4y4 − k13KO2
(∆y6 + a11)(1 − ρ6D)

y4
ξ44 + y4

− k4y4y5 + k5y6−k10KO2
ϕ(1 − ρ6D)

y4
ξ4 + y4

+ k11y10.

We set the parameter D = 1 when NK cells are treated with 20 µM DMOG. The constant ρ6 is included to
model the efficacy of DMOG as PHD/FIH inhibitor and is taken from previous literature ([4], see Table 1).
Similarly, we modified equation (9).

Rapamycin has been shown to inhibit mTOR activity and its signaling pathway. In modeling the mTOR
activity we assumed that this is inhibited as soon as cells are treated with rapamycin and modified
equation (4),

y′3(t) = (a3 + k2y2)
α1

α2 + y6
(1 −R) − d3y3, (S2)

setting the parameter R = 1 when cells were treated with 25 nM rapamycin. Analogously, we modified
equation (6) when we simulate cell treatment with an inhibitor of NF-κB.

S3I-201 inhibits STAT3 by blocking its phosphorylation and dimerization events necessary for acti-
vation of the protein. We described the effect of S3I-201 on STAT3 modifying the STAT3 activation rate in
equation (5) by means of the factor (1−ρ3S3), where S3 represents the STAT3 inhibitor. Further, parameter
estimation and preliminary model discrimination (results not shown here) suggested that treatment with
DMOG reduces IL-15-mediated STAT3 activation. In order to reproduce the combined usage of S3I-201
and DMOG we have modified equation (5) as follows:

y′8(t) = (a8 + k8y3 + k6(1 − ρ4D)y1) (1 − ρ3S3) − d8y8. (S3)

Hereby we fixed D = 1 when cells were treated with 20 µM DMOG, and S3 = 1 when cells were treated
with 200 µM S3I-201. The parameter ρ3 indicates the efficacy of S3I-201 as STAT3 inhibitor in NK cells
and the parameter ρ4 the inhibitory effect of DMOG on IL-15-mediated STAT3 activation. Both parameters
were estimated from experimental data (see Table 1).
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Symbol Description [Unit] Initial Value (yj(0))
t Time [h] 0

y1(t) IL-15 concentration at time t [nM] 0 or 1
y2(t) AKT concentration at time t [nM] 1
y3(t) mTOR concentration at time t [nM] 1
y4(t) HIF-1α concentration at time t [nM] 0.05
y5(t) HIF-1β concentration at time t [nM] 1
y6(t) HIF-1 complex concentration at time t [nM] 0.05
y7(t) NF-κB concentration at time t [nM] 1
y8(t) STAT3 concentration at time t [nM] 1
y9(t) HIF-1α mRNA concentration at time t [nM] 1
y10(t) HIF-1α-aOH concentration at time t [nM] 0.9

Table S1. Variables used in the mathematical model (2)–(11), with description and initial values used
in the simulations. The initial IL-15 level y1(0) is assumed to be 0 in unstimulated cells, or 1 in cells
stimulated with IL-15. Variables y2, y3, y7, y8, indicate the phosphorylated form of the respective proteins.

Experiment Time [h] HIF-1α STAT3 AKT
Untreated cells 0 1± 0.01 1± 0.01 1± 0.01

(i) + IL-15
3 3.63 ± 1.52 36.90 ± 7.38 1.03 ± 0.21
6 7.17 ± 1.27 31.29 ± 6.26 1.17 ± 0.23

11 11.58 ± 2.85 26.24 ± 5.25 0.96 ± 0.19

(ii) + DMOG
3 5.05 ± 0.06 0.83 ± 0.17 0.85± 0.17
6 11.19 ± 2.53 0.70± 0.14 0.98 ± 0.20

11 11.76 ± 1.7 0.21± 0.04 0.96± 0.19

(iii) + DMOG 3 8.67 ± 1.9 11.19 ± 2.24 0.80 ± 0.16
+ IL-15 + rapamycin 6 16.13 ± 1.50 9.33 ± 1.866 1.09± 0.22

11 16.30 ± 2.40 2.49 ± 0.50 0.79 ± 0.16

(iv) + DMOG 3 6.72 ± 0.81 4.88 ± 0.98 0.96 ± 0.19
+ IL-15 + S3I-201 6 14.57 ± 1.75 0.90 ± 0.18 0.87 ± 0.17

11 12.67 ± 4.29 n.d. 0.38 ± 0.08

(v) + DMOG + IL-15
3 10.03 ± 0.95 20.17 ± 4.03 1.07 ± 0.21
6 19.57 ± 0.75 13.25 ± 2.65 1.07 ± 0.21

11 20.81 ± 2.6 8.77 ± 1.75 1.08 ± 0.22
Table S2. Experimental measurements for HIF-1α, STAT3 and AKT used in this study. Values are
normalized with respect to measurements at time t = 0 h, corresponding to the steady states in untreated
cells. STAT3 levels in (iv) were not detectable (n.d.) at t = 11 h and assumed to be zero.
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