










RESEARCH ARTICLE

G2015 Macmillan Publishers Limited. All rights reserved



Extended Data Figure 5 | Cis P-tau spreads after rmTBI or neuronal stress,
and hypoxia induces cell death in primary neurons, which is blocked by
cis mAb. a, Cis P-tau spreads in the brain after rmTBI. Quantification results of
Fig. 3c. b, Cis P-tau spreads after neuronal stress. GFP–tau or RFP–tau SY5Y
neurons were co-cultured and subjected to hypoxia or control treatment in the
presence or absence of cis or trans mAb for different times, followed by assaying
cells expressing both GFP–tau and RFP–tau (arrows) to determine tau
spreading among cells. The results are expressed as means 6 s.d. and P values

determined using the Student’s t-test. c, Cis mAb enters primary neurons.
Primary neurons were established from mouse embryos and differentiated
in vitro and cis mAb was added to culture media, followed by immunostaining
with secondary antibodies. d, Hypoxia induces cell death in primary neurons,
which is effectively blocked by cis mAb. Primary neurons were cultured in
the hypoxia chamber in the absence or presence of cis mAb for 48 h, followed
by live (green) and dead (red) cell assay using the LIVE/DEAD Viability/
Cytotoxicity Kit.
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Extended Data Figure 6 | Pin1 inhibition by multiple mechanisms
contributes to cis P-tau induction after neuron stress and TBI. a, Pin1 is
downregulated and correlates with cis P-tau induction after serum starvation.
Cells were subjected to serum starvation for times indicated, followed by
immunoblotting, with the right panel showing the correlation of Pin1 down
regulation with cis P-tau induction from Fig. 4a. b, Pin1 is oxidized and
correlates with cis P-tau induction after hypoxia. SY5Y cells were subjected to
hypoxia for times indicated, followed by immunoblotting for C113 oxidized

Pin1, with the right panel showing the correlation of Pin1 oxidization with cis
P-tau induction from Extended Data Fig. 6d. c, Pin1 is inhibited in TBI mouse
brains. Mouse brains 48 h after ssTBI were subjected to immunoblotting
and quantification for Pin1 and S71 phosphorylated Pin1. d, Pin1 knockdown
potentiates the ability of hypoxia to induce cis P-tau. Pin1-knockdown or vector
control SY5Y cells were subjected to hypoxia treatment for the times indicated
in the presence or absence of cis mAb, followed by immunoblotting and
quantification for cis P-tau levels. The results are expressed as means 6 s.d.
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Extended Data Figure 7 | Inhibition of FccR binding blocks cis mAb
from entering neurons and TRIM21 KD fully prevented cis antibody from
ablating cis P-tau in neurons. a–d, Inhibition of FccR binding potently blocks
cis mAb from entering neurons. Cis mAb was added to neurons in the absence
or presence of a human FccR-binding inhibitor, followed by detecting the
binding of cis mAb to the cell surface by FACS (a), entry of cis mAb into cells
by immunofluorescence (b), immunoblotting (c) and electron microscopy
after immunogold labelling (d). The FcR binding inhibitor fully blocked cis
mAb from binding to the cell surface and entering neurons. Electron
microscopy showed that cis mAb bound to the cell surface and endocytic

vesicles (red arrows). e, f, TRIM21 knockdown fully prevents cis antibody from
ablating cis P-tau in neurons. TRIM21 was stably knocked down in SY5Y
neuronal cells using a validated TRIM21 shRNA lentiviral vector and
confirmed by real-time RT–PCR analysis of TRIM21 mRNA expression
(e). TRIM21 knockdown or vector control SY5Y cells were subjected to hypoxia
treatment in the presence or absence of cis mAb and/or 3-methyladenine,
an autophagy inhibitor, followed by immunoblotting, followed by quantifying
cis P-tau levels normalized actin levels (lower panel) (f). The results are
expressed as means 6 s.d.

RESEARCH ARTICLE

G2015 Macmillan Publishers Limited. All rights reserved



ARTICLE RESEARCH

G2015 Macmillan Publishers Limited. All rights reserved



Extended Data Figure 8 | Cis pT231-tau is both necessary and sufficient for
P-tau to induce neuronal cell death in vitro. a, SY5Y cells were co-transfected
with non-tagged indicated constructs in the absence and presence of cis
mAb followed by immunoblotting with quantification on the right panel.

b, SY5Y cells were co-transfected with GFP–tau, or GFP–tau(T231A) and
p25/Ckd5 in the absence and presence of cis or trans mAb followed by live-cell
confocal video (see Supplementary Videos 5, 6). Red arrows point to GFP–tau
or–tau(T231A) expressing cells. The results are expressed as means 6 s.d.
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Extended Data Figure 9 | Cis mAb effectively blocks cis P-tau induction and
spread, tau aggregation, and restores neuronal ultrastructures, apoptosis
and defective LTP after TBI. a, Peripherally administrated cis and trans mAbs
enter neurons in brains. 250mg of biotinylated cis or trans mAb was injected
intraperitoneally or intravenously into B6 mice, followed by detecting the
biotinylated cis mAb in brains 3 days later. b, c, Cis mAb effectively blocks
cis pT231-tau induction and apoptosis. ssTBI mice were randomly and blindly
treated with cis mAb or IgG isotype control, i.c.v. (intracerebroventricular) 20mg
per mouse 15 min after injury, and then i.p. 200mg every 4 days for 3 times,
followed by subjecting brains to immunoblotting for cis P-tau (b) and PARP
cleavage (c), with sham as controls. d–f, Cis mAb effectively blocks cis pT231-tau
induction and spread, tau aggregation and restores neuronal ultrastructures.
ssTBI mice in c–f received additional i.p. 200mg per mouse 3 day before injury.
d, Quantification of immunoblotting in Fig. 5a. e, Quantification of immuno-
blotting in Fig. 5b. f, Quantification of electron microscopy images in Fig. 5c.
n 5 3. The results are expressed as means 6 s.d. and P values determined using
Student’s t-test. g, Cis mAb treatment of ssTBI mice rescues defective LTP in the

cortex. fEPSPs were recorded in the layer II/III by stimulating the vertical
pathway (the layer V to II/III) in the cortex. Robust LTP was induced by 5 Hz
theta-burst in the cortical slices of sham mice (n 5 15 slices, 9 mice), but was
deficient in the cortex of IgG-treated TBI mice (n 5 9 slices, 5 mice). However,
LTP magnitude was restored to the control level in cis mAb-treated TBI animals
(n 5 9 slices, 5 mice). The representative recordings were presented. h, No
significant effects of cis pT231-tau mAb treatment on Morris Water Maze
performance. 8 weeks after ssTBI, mice underwent Morris Water Maze (MWM)
testing consisting of 4 acquisition trials (hidden platform) daily for 4 days (4 runs
per trial), a probe trial, followed by a 3 reversal trials (hidden platform) daily for
3 days. Compared to sham mice, injured mice demonstrated increased latency to
find the hidden platform in acquisition and reversal trials (P ,0.001). There was
no difference in injured cis mAb mice compared to injured IgG treated mice in
acquisition trials (P 5 0.5) or reversal trial (P 5 0.9). For probe trials, injured
mice performed similarly to sham mice (P 5 0.7) and injured cis mAb treated
mice performed similarly to injured IgG treated mice (P 5 0.2). n 5 4–7. The
results are expressed as means 6 s.e.m. and P values determined using ANOVA.
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Extended Data Figure 10 | Cis mAb treatment effectively restores risk-
taking behaviour and prevents tauopathy development and spread as well as
brain atrophy after TBI. a–c, Cis mAb treatment effectively restores risk-
taking behaviour 2 months after ssTBI. Video-tracking data of each of all mice
shows that ssTBI mice treated with cis mAb (n 5 7) spent similar and very little
time in the open arm compared to sham mice (n 5 4), but much less time
than TBI mice treated with IgG2b (n 5 7) (a). Cis mAb-treated ssTBI mice had
similar performance to sham in travelling velocity, but IgG2b-treated ssTBI
mice travelled a greater velocity in the open arm (b). All three groups travelled

similar total distance (c). Results are expressed as mean 6 S.E.M. and P values
determined using the Student’s t-test. d–f, Cis mAb treatment effectively
prevents tauopathy development and spread as well as brain atrophy 6 months
after ssTBI. ssTBI mice were treated with cis mAb or IgG control for 2 weeks
or 6 months, with sham mice as controls, followed by immunofluorescence
with various tauopathy epitopes (d), with immunostaining fluorescence
intensity in the cortex and hippocampus being quantified (e), or to NeuN
immunostaining for determining the thickness of the cortex and white
matter at 6 months after TBI (f). n 5 4.
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