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Figure 1. 

Thrombin induces tau hyperphosphorylation and APOE expression, which are pathologically relevant targets of AD, 

and partially attenuates the expression of autophagy-related factors regulated by FOXO3A
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Figure 1A. Fluorescence expression of p-Tau (AT8) in Thrombin-treated HT-22 control cells
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Figure 1B. Fluorescence intensity of p-Tau (AT8) in Thrombin-treated HT-22 control cells
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Fluorescence intensity using ImageJ
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Figure 1C. Tau and p-Tau (S202/T205) expression in Thrombin-treated HT-22 control cells
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Figure 1D. Tau and p-Tau (S422) expression in Thrombin-treated HT-22 control cells
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Figure 1G. Relative mRNA expressions in Thrombin-treated HT-22 control cells
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Figure 1H. Cell proliferation of Thrombin-treated HT-22 control cells
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Figure 2. 

GRA16 affects upstream signaling pathways that modulate both the inhibition and activation of tau hyperphosphorylation
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Figure 2A. GRA16 expression in HT-22 stable cells
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Figure 2B. PP2A-B55 expression in Thrombin-treated HT-22 stable cells
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Figure 2C. PTEN and p-PTEN (S380) expression in Thrombin-treated HT-22 stable cells
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Figure 3. 

NF-κB inhibition by GRA16 suppresses APOE and upregulates autophagy-related factors via FOXO3A increase in 

thrombin-induced HT-22 cells



NF-κB

β-Actin

p-NF-κB
(S536)

β-Actin

C V G

None treatment (NT)

NF-κB

β-Actin

p-NF-κB
(S536)

β-Actin

1st

C V G

None treatment (NT)

NF-κB

β-Actin

p-NF-κB
(S536)

β-Actin

2nd

C V G

None treatment (NT)

NF-κB

β-Actin

p-NF-κB
(S536)

β-Actin

3rd

C V G

None treatment

C V G

None treatment

C V G

None treatment

p-NF-kB (S536)

C V G
0.0

0.5

1.0

1.5

2.0

†

‡

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

NT

Control Vector GRA16 Control Vector GRA16

1 23,809 19,014 18,819 1 20,300 16,367 1,313

2 19,159 15,123 20,226 2 18,213 14,367 5,620

3 21,604 18,872 20,676 3 19,694 14,975 3,293

1 23,741 23,065 20,037 1 23,813 22,207 19,266

2 21,374 21,511 18,210 2 22,211 21,081 19,235

3 22,322 19,970 22,010 3 21,426 19,186 22,092

Control Vector GRA16 Control Vector GRA16

1 1.0028 0.8244 0.9392 1 0.8525 0.7370 0.0681

2 0.8963 0.7030 1.1107 2 0.8200 0.6815 0.2922

3 0.9678 0.9450 0.9394 3 0.9192 0.7805 0.1490

Control Vector GRA16 Control Vector GRA16

1 0.8501 0.8940 0.0725 1 1.0000 1.0517 0.0853

2 0.9148 0.9694 0.2630 2 1.0000 1.0596 0.2875

3 0.9497 0.8259 0.1587 3 1.0000 0.8696 0.1671

1.0000 0.9937 0.1800

p-NF-kB

/NF-kB

p-NF-kB

/NF-kB

Average

None treatment (NT)

NF-kB/

β-Actin

p-NF-kB

/β-Actin

HT-22
None treatment (NT)

HT-22
None treatment (NT)

β-Actin β-Actin

HT-22
None treatment (NT)

HT-22

HT-22
None treatment (NT)

HT-22
None treatment (NT)

NF-kB p-NF-kB

Figure 3A. NF-kB and p-NF-kB (S536) expression in Non-treated HT-22 stable cells
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Figure 3C. Relative mRNA expressions in Non-treated HT-22 stable cells
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Figure 3D. NF-kB and p-NF-kB (S536) expression in Thrombin-treated HT-22 stable cells
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Figure 3F. Relative mRNA expressions in Thrombin-treated HT-22 stable cells
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Figure 4. 

GRA16 blocks tau hyperphosphorylations by further enhancing the thrombin-induced autophagic flux
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Figure 4A. Autophagic fluorescence in Rapamycin-treated HT-22 Control cells and Non-treated HT-22 stable cells (1st)
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Figure 4A. Autophagic fluorescence in Thrombin-treated HT-22 stable cells (1st)
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Figure 4A. Autophagic fluorescence in Rapamycin-treated HT-22 Control cells and Non-treated HT-22 stable cells (2nd)
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Figure 4A. Autophagic fluorescence in Thrombin-treated HT-22 stable cells (2nd)
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Figure 4A. Autophagic fluorescence in Rapamycin-treated HT-22 Control cells and Non-treated HT-22 stable cells (3rd)
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Figure 4A. Autophagic fluorescence in Thrombin-treated HT-22 stable cells (3rd)
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Figure 4B. Autophagic flux assay in Rapamycin-, None-, or Thrombin-treated HT-22 stable cells
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Figure 4C, 4E. Fluorescence expression of p-Tau (AT8) in None- and Thrombin-treated HT-22 stable cells)
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Figure 4C, 4E. Fluorescence expression of p-Tau (AT8) in None- and Thrombin-treated HT-22 stable cells
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Figure 4C, 4E. Fluorescence expression of p-Tau (AT8) in None- and Thrombin-treated HT-22 stable cells



Figure 4D. Fluorescence intensity of p-Tau (AT8) in None-treated HT-22 stable cells
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Figure 4G. Tau, p-Tau (S202/T205, AT8) expression of None-treated HT-22 stable cells
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Figure 4H. Tau, p-Tau (S422) expression of None-treated HT-22 stable cells
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Figure 3B. APOE, FOXO3A expression of None-treated HT-22 stable cells
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Figure 4I. Tau, p-Tau (S202/T205, AT8) expression of Thrombin-treated HT-22 stable cells
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1 22,014 16,656 20,329 1 18,401 22,255 21,549

2 15,819 15,203 20,206 2 20,026 21,251 20,096

3 17,727 19,641 20,034 3 23,897 24,420 19,696

Control Vector GRA16 Control Vector GRA16

1 0.7196 0.7300 0.5859 1 1.0095 0.9630 0.3083

2 0.6271 0.6636 0.6089 2 0.9385 0.9178 0.2618

3 0.8987 0.8631 0.8936 3 0.8709 0.8119 0.2773

Control Vector GRA16 Control Vector GRA16

1 1.4028 1.3193 0.5261 1 1.0000 0.9405 0.3751

2 1.4967 1.3831 0.4298 2 1.0000 0.9241 0.2872

3 0.9690 0.9406 0.3103 3 1.0000 0.9707 0.3202

1.0000 0.9451 0.3275
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Figure 3E. APOE, FOXO3A expression of Thrombin-treated HT-22 stable cells
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Control Vector GRA16 Control Vector GRA16

1 27,006 27,054 4,006 1 1.2267 1.6242 0.1971

2 26,893 26,586 3,333 2 1.7000 1.7487 0.1650

3 27,220 27,954 5,021 3 1.5355 1.4233 0.2507

1 22,014 16,656 20,329 1 1 1.3240 0.1606

2 15,819 15,203 20,206 2 1 1.0287 0.0970

3 17,727 19,641 20,034 3 1 0.9269 0.1632

1 1.0932 0.1403
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1 6,205 6,187 22,130 1 0.3372 0.2780 1.0270

2 6,156 6,188 21,897 2 0.3074 0.2912 1.0896

3 5,892 5,332 22,385 3 0.2466 0.2184 1.1365

1 18,401 22,255 21,549 1 1 0.8243 3.0452

2 20,026 21,251 20,096 2 1 0.9473 3.5448

3 23,897 24,420 19,696 3 1 0.8856 4.6097
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1 2 3 4 5 Average

0h 0.0641 0.0628 0.0684 0.0645 0.0658 0.0651

24h 0.1918 0.1932 0.1870 0.1902 0.1847 0.1894

48h 0.4097 0.3871 0.4033 0.3916 0.3927 0.3969

72h 0.7704 0.8374 0.8186 0.8453 0.7737 0.8091

96h 1.6610 1.5314 1.5267 1.6733 1.7134 1.6212

Control cells + Rapamycin (500 nM)
HT-22

1 2 3 4 5 Average

0h 0.0642 0.0633 0.0613 0.0651 0.0626 0.0633

24h 0.2549 0.2465 0.2629 0.2651 0.2489 0.2557

48h 0.5355 0.5735 0.5582 0.5381 0.5784 0.5567

72h 1.3385 1.3158 1.2123 1.3539 1.2644 1.2970

96h 2.1948 2.6852 2.1703 2.6591 2.6405 2.4700

HT-22
Control cells + Thrombin (100 nM)

1 2 3 4 5 Average

0h 0.0666 0.0666 0.0618 0.0727 0.0691 0.0674

24h 0.2470 0.2481 0.2461 0.2241 0.2567 0.2444

48h 0.5474 0.5251 0.4959 0.5047 0.4783 0.5103

72h 1.3546 1.3544 1.2703 1.2608 1.2086 1.2897

96h 2.4005 2.5893 2.4386 2.5643 2.3796 2.4745

HT-22
Vector cells + Thrombin (100 nM)

1 2 3 4 5 Average

0h 0.0627 0.0624 0.0653 0.0673 0.0656 0.0647

24h 0.0864 0.0810 0.0895 0.0766 0.0735 0.0814

48h 0.2059 0.1995 0.1856 0.1958 0.2123 0.1998

72h 0.5616 0.6298 0.6456 0.7120 0.7467 0.6591

96h 1.2993 1.2333 1.1825 1.0155 1.2140 1.1889
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24h 0.1621 0.1779 0.1806 0.1700 0.1751 0.1731

48h 0.3737 0.3689 0.3733 0.3777 0.3735 0.3734

72h 0.8669 0.8610 0.8771 0.8640 0.8450 0.8628

96h 1.5512 1.4707 1.5521 1.5109 1.3893 1.4948
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24h 0.2419 0.2396 0.2547 0.2483 0.2440 0.2457

48h 0.5429 0.5182 0.5503 0.5466 0.5324 0.5381

72h 1.2321 1.2475 1.3607 1.2964 1.2719 1.2817

96h 2.6304 2.6256 2.2483 2.4394 2.5325 2.4952
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96h 1.1037 1.2472 1.1176 1.1107 1.1789 1.1516
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Figure 4K.
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Figure 4L. Caspase 3 expression of None-treated HT-22 stable cells
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Figure 4M. Caspase 3 expression of Thrombin-treated HT-22 stable cells
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Figure 4L. Caspase 3 expression of None-treated HT-22 stable cells Figure 4M. Caspase 3 expression of Thrombin-treated HT-22 stable cells

Control Vector GRA16 Control Vector GRA16

1 24,195 19,243 18,152 1 1.4824 1.8389 1.2596

2 21,553 19,087 20,369 2 1.0686 1.0152 1.0317

3 26,513 23,024 23,856 3 1.5672 2.0380 1.5365

1 16,322 10,464 14,411 1 1 1.2405 0.8497

2 20,170 18,802 19,743 2 1 0.9500 0.9655
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1 23,019 20,966 21,169 1 1.4242 1.2646 1.6398

2 22,590 21,646 17,017 2 1.3451 1.2011 1.3679

3 20,262 21,903 17,510 3 1.1674 1.1105 1.0761

1 16,163 16,579 12,909 1 1 0.8880 1.1514

2 16,794 18,022 12,441 2 1 0.8929 1.0169

3 17,356 19,723 16,271 3 1 0.9513 0.9218

1 0.9107 1.0301
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Figure 4O. P21 expression of None-treated HT-22 stable cells Figure 4P. P21 expression of Thrombin-treated HT-22 stable cells
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ΔCT Control Vector GRA16 ΔΔCT Control Vector GRA16 2-ΔΔCT Control Vector GRA16

1 7.7638 7.8077 6.3621 1 0.0000 0.0439 -1.4017 1 1.0000 0.9700 2.6421

2 7.8848 7.8812 6.3713 2 0.0000 -0.0036 -1.5135 2 1.0000 1.0025 2.8549

3 7.8780 7.8181 6.3891 3 0.0000 -0.0599 -1.4889 3 1.0000 1.0424 2.8068

4 7.8679 7.8514 6.4071 4 0.0000 -0.0165 -1.4608 4 1.0000 1.0115 2.7527

5 7.8748 7.8428 6.3948 5 0.0000 -0.0320 -1.4800 5 1.0000 1.0225 2.7896

Average 7.8539 7.8402 6.3849 Average 0.0000 -0.0136 -1.4690 Average 1.0000 1.0098 2.7692

P21 P21 P21 HT-22 HT-22 HT-22

ΔCT Control Vector GRA16 ΔΔCT Control Vector GRA16 2-ΔΔCT Control Vector GRA16

1 6.4342 6.7340 5.4298 1 0.0000 0.2998 -1.0044 1 1.0000 0.8124 2.0061

2 6.4327 6.7178 5.3701 2 0.0000 0.2850 -1.0627 2 1.0000 0.8207 2.0888

3 6.4177 6.7225 5.3815 3 0.0000 0.3048 -1.0362 3 1.0000 0.8096 2.0509

4 6.4187 6.7194 5.4307 4 0.0000 0.3007 -0.9880 4 1.0000 0.8119 1.9835

5 6.3785 6.6791 5.3594 5 0.0000 0.3006 -1.0191 5 1.0000 0.8119 2.0266

Average 6.4164 6.7146 5.3943 Average 0.0000 0.2982 -1.0221 Average 1.0000 0.8133 2.0312

P21 P21 P21
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