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39 ABSTRACT:
40  Previous studies have demonstrated that a non-invasive light-flickering regime and auditory tone
41  stimulation could affect AB and tau metabolism in the brain. As a non-invasive technique,
42  repetitive transcranial magnetic stimulation (rTMS) has been applied for the treatment of
43  neurodegenerative disorders. This study explored the effects of rTMS on AB and tau levels in
44  rhesus monkey cerebrospinal fluid (CSF). This is a single-blind, self-controlled study. Three
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different frequencies (low frequency, 1 Hz; high frequencies, 20 Hz and 40 Hz) of rTMS were used
to stimulate the bilateral-dorsolateral prefrontal cortex (DLPFC) of the rhesus monkey. A
catheterization method was used to collect CSF. All samples were subjected to liquid chip
detection to analyze CSF biomarkers (ABaz, ABaz2/ABao, tTau, pTau). CSF biomarker levels changed
with time after stimulation by rTMS. After stimulation, the ABa4. level in CSF showed an upward
trend at all frequencies (1 Hz, 20 Hz, and 40 Hz), with more significant differences for the high-
frequencies (p < 0.05) than for the low frequency.

After high-frequency rTMS, the total Tau (tTau) level of CSF immediately increased at the post-
rTMS timepoint (p < 0.05) and gradually decreased by 24 h. Moreover, the results showed that
the level of phosphorylated Tau (pTau) increased immediately after 40 Hz rTMS (p < 0.05). The
ratio of ABa2/ABao showed an upward trend at 1 Hz and 20 Hz (p < 0.05). There was no significant
difference in the tau levels with low-frequency (1 Hz) stimulation. Thus, high-frequencies (20 Hz
and 40 Hz) of rTMS may have positive effects on AB and tau levels in rhesus monkey CSF, while
low-frequency (1 Hz) rTMS can only affect AB levels.

INTRODUCTION:

Amyloid-B (AB) and tau are important CSF biomarkers. AB consists of 42 amino acids (APi-42),
which is the product of transmembrane amyloid precursor protein (APP) hydrolyzed by B- and y-
secretases!. AB142 may aggregate into extracellular amyloid plaques in the brain because of its
solubility characteristics?. Tau is a microtubule-associated protein that is mainly present in
axons and is involved in anterograde axonal transport®. Abnormal tau hyperphosphorylation is
mainly induced by the imbalance between kinases and phosphatases, resulting in the
detachment of tau from microtubules and the formation of neurofibrillary tangles (NFT)!. The
concentration of tau increases in the CSF because tau and phosphorylated tau proteins (pTau)
are released into the extracellular space during the neurodegenerative process. Previous studies
have shown that CSF biomarkers are relevant to the three main pathological changes of the
Alzheimer's disease (AD) brain: extracellular amyloid plaques, intracellular NFT formation, and
neuron loss?. Abnormal concentrations of AR and tau present in the early stage of AD, thus
allowing early AD diagnosis™®.

In 2016, Tsai et al. found that non-invasive light-flickering (40 Hz) reduced the levels of AB1-.40 and
AB1-42 in the visual cortex of pre-depositing mice’. Recently, they further reported that auditory
tone stimulation (40 Hz) improved recognition and spatial memory, reduced amyloid protein
levels in the hippocampus and auditory cortex (AC) of 5XFAD mice, and decreased pTau
concentrations in the P301S tauopathy model®. These results indicate that non-invasive
techniques could impact AB and tau metabolism.

As a non-invasive tool, transcranial magnetic stimulation (TMS) could electrically stimulate neural
tissue, including the spinal cord, peripheral nerves, and cerebral cortex®. Moreover, it can modify
the excitability of the cerebral cortex at the stimulated site and in the functional connections.
Therefore, TMS has been used in the treatment of neurodegenerative disorders and prognostic
and diagnostic tests. The most common form of clinical intervention in TMS, rTMS, can induce
cortex activation, modify the excitability of the cortex, and regulate cognitive/motor function.
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It was reported that 20 Hz rTMS had an in vitro neuroprotective effect against oxidative stressors,
including glutamate and AP and improved the overall viability of monoclonal hippocampal HT22
cells in mice. After 1 Hz rTMS stimulation, the B-site APP-cleaving enzyme 1, APP, and its C-
terminal fragments in the hippocampus were considerably reduced. Notably, the impairment of
long-term potentiation, spatial learning, and memory in hippocampal CA1 was reversed''-*2. Bai
et al. investigated the effect of rTMS on the AB-induced gamma oscillation dysfunction during a
working memory test. They concluded that rTMS could reverse AB-induced dysfunction, resulting
in potential benefits for working memory®3. However, there are few reports on the effects of
rTMS on tau metabolism and the dynamic changes in AB and tau in CSF before and after rTMS.
This protocol describes the procedure for investigating the effects of rTMS at different
frequencies (low frequency, 1 Hz; high frequencies,20 Hz, and 40 Hz) on AP and tau levels in
rhesus monkey CSF.

PROTOCOL:

All the experiments were performed under the Guidance Suggestions for the Care and Use of
Laboratory Animals, formulated by the Ministry of Science and Technology of the People’s
Republic of China, as well as the principles of the Basel Declaration. Approval was given by the
Animal Care Committee of the Sichuan University West China Hospital (Chengdu, China). Figure
1 shows the single-blind, self-controlled study design used here.

1. rTMS devices

1.1.  Use an 8-shaped magnetic field stimulator coil to perform the rTMS stimulation.

2. Animal

2.1. Keep the male rhesus monkey (Macaca mulatta, 5 kg, 5 years old) in an individual home
cage with free access to tap water and standard chow. Ensure that environmental conditions are
controlled to provide a relative humidity of 60-70%, a temperature of 24 + 2 °C, and a 12:12 h
light: dark cycle'**>. Perform all the experiments according to the Guidance for the Care and Use
of Laboratory Animals.

3. A serial cisterna magna CSF sampling method

3.1. Have two trained experimenters perform a catheterization method to sample CSF from
the cisterna magna (Figure 2).

3.2. Positioning
3.2.1. Anesthetize the monkey by an intramuscular injection of 0.1 mL/kg zolazepam—tiletamine

(see the Table of Materials). To ensure successful anesthetization of the monkey, look for deep
and slow breathing, dull or absent cornea reflex, and relaxation of the muscles of the extremities.
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3.2.2. Place the monkey on an operating table in the lateral decubitus position. Bend the
monkey’s neck, hunch the back of the monkey, and bring its knees toward the chest.

3.3. Puncture
3.3.1. For disinfection, prepare the area around the lower back using aseptic technique. Insert a
spinal needle between the lumbar vertebrae L4/L5, push it in until there is a "pop" when it enters

the lumbar cistern where the ligamentum flavum is housed.

3.3.2. Push the needle again until there is a second "pop" where it enters the dura mater.
Withdraw the stylet from the spinal needle and collect drops of CSF.

3.4. Catheter insertion

3.4.1. Under X-ray guidance, insert the epidural catheter through the puncture needle into the
subarachnoid space until it is buoyant in the cisterna magna.

3.5. Port implantation

3.5.1. Make a 5 cm incision from the puncture site to the direction of the head and isolate the
skin from subcutaneous tissue to place the sampling port. Connect the port to the end of the
epidural catheter and implant the port under the skin; then, suture the incision. Disinfect the
wound daily to prevent infection.

NOTE: The monkey fully recovers on the day after surgery.

3.6. CSF collection

3.6.1. Use the bars of the cage to restrain the monkey and keep its back bent.

3.6.2. Insert a syringe into the center of the sampling port to extract the CSF from the cisterna
magna through the catheter. Discard the first 0.2 mL of CSF (the total volume of the catheter and
port is 0.1 mL), and then collect 1 mL of CSF for analysis®®.

4, Monkey chair adaptive training

4.1. Fix the monkey on the monkey chair before the experiment to avoid interrupting the
process of rTMS intervention (Figure 3A,B).

4.2. Collect CSF for biomarker analysis in the awake state of the monkey to avoid the influence
of anesthetic drugs.

4.3. On the third day after the subarachnoid catheterization, 2 weeks before the start of the
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experiment, subject the monkey to adaptive training with the monkey chair, twice a day, for 30
min each time.

5. rTMS adaptive training/sham stimulation

5.1. Conduct the rTMS adaptive training/sham stimulation one week after the adaptive
training with the monkey chair, one week before the start of the formal experiment to avoid
hindering the progress of the experiment because of vibrations and sounds during the
stimulation process.

5.2. Use a sham coil (which only produces vibration and sound and does not generate a
magnetic field) to stimulate the monkey. Offer food to the monkey after stimulation to help it
adapt to the process (Figure 3C).

5.3. Conduct rTMS adaptive training on a monkey chair twice a day, for 30 min each time for
a total of 2 weeks.

6. Treatment protocol

6.1. Use three different frequencies (1 Hz/20 Hz/40 Hz) of rTMS to stimulate the bilateral-DLPFC
(R-L-DLPFC) of the monkey, as described previously'’. Localize the DLPFC according to the
international 10-20 system.

6.1.1. Conduct three different sessions of rTMS with a washout period exceeding 24 h'&%,

6.1.1.1. For the first period, use the following parameters: a frequency of 1 Hz for rTMS, a
pattern of rTMS composed of 20 burst trains, 20 pulses with 10 s inter-train intervals between
trains, and an intensity of stimulation of 100% of the average resting motor threshold (RMT),
twice a day for three consecutive days?%2L,

6.1.1.2. For the second period, use the following parameters: trains of high frequency (20
Hz) rTMS with 100% RMT for 2 s duration with 28 s inter-train intervals, a total of 2,000 stimuli
(40 stimuli/train, 50 trains) each session, twice a day for three consecutive days??.

6.1.1.2. For the third period, use the following parameters: trains of gamma-frequency (40
Hz) rTMS with 100% RMT delivered in 1 s duration separated by 28 s inter-train intervals. Keep
the total number of pulses for each session the same as with 20 Hz rTMS, twice a day for three
consecutive days’?2.

7. CSF biomarkers

7.1.  Analyze four CSF biomarkers: ABa2, ABa2/ABao, tTau, and pTau.

8. CSF collection and index detection method
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8.1. Use a minimally invasive catheterization method to sample the CSF.

8.2. Have one operator bend the monkey’s neck to bring its knees toward the chest. Instruct
the other operator to insert a syringe into the center of the sampling port, ensuring that CSF is
extracted through the catheter.

8.3. Collect CSF at 5 timepoints (4 samples each timepoint at 3 min intervals): pre-rTMS, 0 h/2
h/6 h/24 h post-rTMS?32>, Collect a total of 60 samples for 3 frequencies; number and store them
in a -80 °C refrigerator for up to 1 month. After the experiment, subject all samples to liquid chip
detection according to the manufacturer’s instructions (see the Table of Materials).

9. Statistical analysis
9.1. Present all data as mean t standard deviation (SD).

9.2. Perform the Shapiro-Wilk test to test normality in case of a small sample size. Perform
two-way repeated-measures ANOVA and Tukey’s multiple comparisons test.

NOTE: A value (two-tailed) < 0.05 was considered statistically significant.

REPRESENTATIVE RESULTS:

The results showed that rTMS could affect the AR and tau levels in rhesus monkey CSF. CSF
biomarker levels changed with time after rTMS stimulation at different frequencies (1 Hz, 20 Hz,
and 40 Hz).

ABaz2and ABaz2/ABao

As shown in Figure 4A, after 1 Hz rTMS stimulation, the ABa4; levels gradually increased over 24 h
(p < 0.05) and returned to baseline after the washout period. Similarly, after stimulating the
bilateral DLPFC of the monkey with rTMS at 20 Hz, the AB4; levels increased with time and
reached a peak at 6 h after stimulation (p < 0.05). However, after stimulation with 40 Hz rTMS,
the APz levels significantly increased immediately at the timepoint of post-rTMS (p < 0.05) and
decreased slowly. In general, the high frequencies of rTMS (20 Hz and 40 Hz) increased APz levels
to a greater extent than the low frequency (1 Hz) (p < 0.05). Moreover, the ABa levels increased
more quickly at the high frequencies, especially at 40 Hz, reached a peak just after stimulation.
Moreover, the ABa level at 40 Hz rose significantly compared with that at 20 Hz (p < 0.05). The
ratio of AB42/ABso showed an upward trend after stimulation with 1 Hz and 20 Hz rTMS and
significantly increased from 2 h after rTMS stimulation. Further, it increased to a greater extent
after 20 Hz rTMS than with 1 Hz (p < 0.05) (Figure 4B). However, there was no significant
difference in the AB42/ABa4o ratio at 40 Hz.

pTau and tTau
Overall, the tTau levels in monkey CSF immediately increased after both 20 Hz and 40 Hz rTMS
stimulation (p < 0.05) and decreased gradually (Figure 4C). However, there was no significant
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difference after 1 Hz rTMS. The pTau level increased immediately and dramatically after the
stimulation with 40 Hz rTMS (p < 0.05) and decreased to below baseline level after 24 h (Figure
4D). Additionally, the pTau level showed a downward trend after 1 Hz and 20 Hz rTMS
stimulation. Therefore, compared to the other two frequencies (1 Hz and 20 Hz), 40 Hz rTMS
showed more significant effects on Tau levels (p < 0.05).

Baseline after washout
After a 24 h washout period, no significant difference from baseline (p > 0.05) was observed in
any CSF biomarker levels.

FIGURE AND TABLE LEGENDS:
Figure 1: The flow chart for this pilot study. Abbreviation: rTMS = repetitive transcranial
magnetic stimulation.

Figure 2: Minimally invasive catheterization for serial sampling of CSF from cisterna magna. A
routine lumbar puncture was followed by a minimally invasive catheterization, in which an
epidural catheter penetrated the subarachnoid space and was kept floating in the cisterna magna
under the guidance of X-ray (red arrow). A sampling port was left subcutaneously beside the
puncture point to allow sampling of the cisterna magna CSF under in a fully conscious animal.
Abbreviation: CSF = cerebrospinal fluid.

Figure 3: Monkey chair adaptability training. (A) Front; (B) lateral; (C) rTMS adaptive
training/sham stimulation. Abbreviation: rTMS = repetitive transcranial magnetic stimulation.

Figure 4: Effects of rTMS on AB and tau levels in rhesus monkey CSF. The five bars for each
frequency represent five timepoints: pre-rTMS, 0 h post-rTMS, 2 h post-rTMS, 6 h post-rTMS, and
24 h post-rTMS. (A) Changes in ARz level in monkey CSF after rTMS; (B) changes in ABa2/ABao
ratio in monkey CSF after rTMS; (C) changes in tTau levels in monkey CSF after rTMS stimulation;
(D) Changes in pTau levels in monkey CSF after rTMS. * represents a significant difference from
the pre-rTMS level, p < 0.05. # and A represent significant differences from the level of 1 Hz or
20 Hz at the same timepoint, respectively. p < 0.05, ** p < 0.01, *** p < 0.001, **** represents
p < 0.0001. Abbreviations: rTMS = repetitive transcranial magnetic stimulation; CSF =
cerebrospinal fluid; tTau = total Tau; pTau = phosphorylated Tau.

DISCUSSION:

AB1-42, a well-established biomarker of AD, is a CSF core biomarker related to AR metabolism and
amyloid plaque formation in the brain and has been widely used in clinical trials and the clinic?®.
Recent studies have shown that the CSF ABa2/ABao ratio is a better diagnostic biomarker of AD
than AP4> alone because it is a better indicator of the AD-type pathology?”?%. Tau and pTau
proteins are released into the extracellular space during the neurodegenerative process,
resulting in increased tau concentrations in CSF2%2°, Therefore, CSF AB1-42, ABa2/ABao, tTau, and
pTau are confirmed and combined CSF biomarkers in the revised diagnostic criteria of AD%?°,

This study demonstrates that after the rTMS stimulation, the APaz levels in CSF showed an
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upward trend at all frequencies. High-frequency rTMS (20 Hz and 40 Hz) increased the ARz levels
to a greater extent than the low frequency. According to previous research3%3, a low level of
ABas; in CSF is associated with AD-specific neurodegeneration (i.e., hippocampal atrophy).
However, the increase in AP after rTMS stimulation reverses the pathological features of AD,
indicating that rTMS may normalize AR levels. A preclinical study indicates that the AB level is
regulated by neuronal activity®2. Therefore, high-frequency rTMS, vs. low-frequency rTMS, may
increase the production of all AB substances, including ABa,, by activating neural network activity.
In addition, the study found that after 24 h of rTMS at three different frequencies (1 Hz, 20 Hz,
and 40 Hz), the pTau level was below the baseline. This indicated a decrease in the abnormal
pTau protein, reducing its binding to microtubules and maintaining the normal structure of
neurons. However, after high-frequency rTMS, the tTau level of CSF immediately increased and
gradually decreased over 24 h. The mechanism underlying this phenomenon is still unclear.

This study objectively confirms the effect of rTMS on AB and tau metabolism in CSF. Compared
with other evaluation methods, CSF biomarkers can reflect the metabolism and pathology of the
brain, providing a window for the brain. This method is safe and well-tolerated and has great
clinical applicability3*34. The most common technique to collect CSF is to perform a lumbar
puncture. However, it is challenging to collect CSF several times in a short period, as there are
risks of CNS infection and CSF leakage due to the repeated dural puncture3>36,

This protocol uses a novel CSF sampling method, allowing for repeated CSF sampling under fully
awake conditions, with low risks of the aforementioned adverse events. The sampling port is
placed under the skin so that the monkey cannot scratch the port. Therefore, the CSF can be
directly collected through the sampling port rather than by lumbar puncture. The method is
convenient and quick and avoids the impact of anesthetics'®. Therefore, researchers who need
multiple samples of monkey CSF can consider this serial cisterna magna CSF sampling method.
To avoid interrupting the process of rTMS, monkey chair adaptive training and rTMS adaptive
training are important before beginning the experiment.

Nevertheless, the monkey's head still has a small range of movement during the experiment even
after the training. Hence, it is advisable to use a robot-assisted tracking system, to localize the
stimulation sites and position the TMS coil simultaneously when the head moves. This study has
some limitations: the animal used here was a normal monkey rather than a pathological model
(such as aged canines®’), and the sample size was small. However, this pilot study has shown
interesting dynamic changes in the levels of AR and tau after rTMS, indicating the potential
benefits of rTMS on AD and warranting further investigation.

ACKNOWLEDGMENTS:

The authors would like to thank Sichuan Green-House Biotech Co., Ltd for providing the monkey
chair and other relative devices. This research received no specific grant from any funding agency
in the public, commercial, or not-for-profit sectors.

DISCLOSURES:
The authors have no conflicts of interest to declare.



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

REFERENCES:

1 Niemantsverdriet, E., Valckx, S., Bjerke, M., Engelborghs, S. Alzheimer's disease CSF
biomarkers: clinical indications and rational use. Acta Neurologica Belgica. 117 (3), 591-602
(2017).

2 Ohnishi, S.,Takano, K. Amyloid fibrils from the viewpoint of protein folding. Cellular and
Molecular Life Sciences. 61 (5), 511-524 (2004).

3 Hernandez, F., Avila, J. Tauopathies. Cellular and Molecular Life Sciences. 64 (17), 2219—
2233 (2007).

4 Ballard, C. et al. Alzheimer's disease. Lancet. 377 (9770), 1019-1031 (2011).

5 De Meyer, G. et al. Diagnosis-independent Alzheimer disease biomarker signature in
cognitively normal elderly people. Archives of Neurology. 67 (8), 949-956 (2010).

6 Jansen, W.J. et al. Prevalence of cerebral amyloid pathology in persons without dementia:
a meta-analysis. JAMA. 313 (19), 1924-1938 (2015).

7 laccarino, H. F. et al. Gamma frequency entrainment attenuates amyloid load and
modifies microglia. Nature. 540 (7632), 230-235 (2016).

8 Martorell, A. J. et al. Multi-sensory gamma stimulation ameliorates Alzheimer's-
associated pathology and improves cognition. Cell. 177 (2), 256-271 e222 (2019).

9 Kobayashi, M., Pascual-Leone, A. Transcranial magnetic stimulation in neurology. Lancet
Neurology. 2 (3), 145-156 (2003).

10 Post, A.,, Muller, M. B., Engelmann, M., Keck, M. E. Repetitive transcranial magnetic

stimulation in rats: evidence for a neuroprotective effect in vitro and in vivo. European Journal of
Neuroscience. 11 (9), 3247-3254 (1999).

11 Huang, Z. et al. Low-frequency repetitive transcranial magnetic stimulation ameliorates
cognitive function and synaptic plasticity in APP23/PS45 mouse model of Alzheimer's disease.
Frontiers in Aging Neuroscience. 9, 292 (2017).

12 Tan, T. et al. Low-frequency (1 Hz) repetitive transcranial magnetic stimulation (rTMS)
reverses Abeta(1-42)-mediated memory deficits in rats. Experimental Gerontology. 48 (8), 786—
794 (2013).

13 Bai, W. et al. Repetitive transcranial magnetic stimulation reverses Abetal-42-induced
dysfunction in gamma oscillation during working memory. Currrent Alzheimer Research. 15 (6),
570-577 (2018).

14 Heo, J. H. et al. Spatial distribution of glucose hypometabolism induced by
intracerebroventricular streptozotocin in monkeys. Journal of Alzheimers Disease. 25 (3), 517—-
523 (2011).

15 Lee, Y. et al. Insulin/IGF signaling-related gene expression in the brain of a sporadic
Alzheimer's disease monkey model induced by intracerebroventricular injection of
streptozotocin. Journal of Alzheimers Disease. 38 (2), 251-267 (2014).

16 Zhang, Y. et al. Temporal analysis of blood-brain barrier disruption and cerebrospinal fluid
matrix metalloproteinases in rhesus monkeys subjected to transient ischemic stroke. Journal of
Cerebral Blood Flow and Metabolism. 37 (8), 2963—2974 (2017).

17 Liao, X. et al. Repetitive transcranial magnetic stimulation as an alternative therapy for
cognitive impairment in Alzheimer's disease: a meta-analysis. Journal of Alzheimers Disease. 48
(2), 463-472 (2015).



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

18 Hwang, J. M., Kim, Y. H., Yoon, K. J.,, Uhm, K. E., Chang, W. H. Different responses to
facilitatory rTMS according to BDNF genotype. Clinical Neurophysiology. 126 (7), 1348—-1353
(2015).

19 Uhm, K. E., Kim, Y. H., Yoon, K. J., Hwang, J. M., Chang, W. H. BDNF genotype influence
the efficacy of rTMS in stroke patients. Neuroscience Letters. 594, 117-121 (2015).

20 Ahmed, M. A,, Darwish, E. S., Khedr, E. M., El Serogy, Y. M., Ali, A. M. Effects of low versus
high frequencies of repetitive transcranial magnetic stimulation on cognitive function and cortical
excitability in Alzheimer's dementia. Journal of Neurology. 259 (1), 83—92 (2012).

21 Tan, T. et al. Low-frequency (1 Hz) repetitive transcranial magnetic stimulation (rTMS)
reverses AB(1-42)-mediated memory deficits in rats. Experimental Gerontology. 48 (8), 786—794
(2013).

22 Cotelli, M. et al. Improved language performance in Alzheimer disease following brain
stimulation. Journal of Neurology Neurosurgery and Psychiatry. 82 (7), 794-797 (2011).

23 Dobrowolska, J. A. et al. CNS amyloid-beta, soluble APP-alpha and -beta kinetics during
BACE inhibition. Journal of Neuroscience. 34 (24), 8336—8346 (2014).

24 Sankaranarayanan, S. et al. First demonstration of cerebrospinal fluid and plasma A beta
lowering with oral administration of a beta-site amyloid precursor protein-cleaving enzyme 1
inhibitor in nonhuman primates. Journal of Pharmacology Experimental Therapeutics. 328 (1),
131-140 (2009).

25 Schoenfeld, H. A. et al. The effect of angiotensin receptor neprilysin inhibitor,
sacubitril/valsartan, on central nervous system amyloid-beta concentrations and clearance in the
cynomolgus monkey. Toxicology and Applied Pharmacology. 323, 53—65 (2017).

26 Blennow, K., Mattsson, N., Scholl, M., Hansson, O., Zetterberg, H. Amyloid biomarkers in
Alzheimer's disease. Trends in Pharmacological Sciences. 36 (5), 297—-309 (2015).

27 Janelidze, S. et al. CSF Abeta42/Abetad0 and Abeta42/Abeta38 ratios: better diagnostic
markers of Alzheimer disease. Annals of Clinical and Translational Neurology. 3 (3), 154-165
(2016).

28 Vogelgsang, J., Wedekind, D., Bouter, C., Klafki, H. W., Wiltfang, J. Reproducibility of
Alzheimer's disease cerebrospinal fluid-biomarker measurements under clinical routine
conditions. Journal of Alzheimers Disease. 62 (1), 203—212 (2018).

29 Dubois, B. et al. Advancing research diagnostic criteria for Alzheimer's disease: the IWG-
2 criteria. Lancet Neurology. 13 (6), 614-629 (2014).

30 Schuff, N. et al. MRI of hippocampal volume loss in early Alzheimer's disease in relation
to ApoE genotype and biomarkers. Brain. 132 (Pt 4), 1067-1077 (2009).

31 Stricker, N. H. et al. CSF biomarker associations with change in hippocampal volume and
precuneus thickness: implications for the Alzheimer's pathological cascade. Brain Imaging and
Behavior. 6 (4), 599-609 (2012).

32 Cirrito, J. R. et al. Synaptic activity regulates interstitial fluid amyloid-beta levels in vivo.
Neuron. 48 (6), 913-922 (2005).

33 Duits, F. H. et al. Performance and complications of lumbar puncture in memory clinics:
Results of the multicenter lumbar puncture feasibility study. Alzheimers & Dementia. 12 (2), 154—
163 (2016).

34 Engelborghs, S. et al. Consensus guidelines for lumbar puncture in patients with
neurological diseases. Alzheimers Dement. 8, 111-126 (2017).



441
442
443
444
445
446
447
448
449

35 Costerus, J. M., Brouwer, M. C., van de Beek, D. Technological advances and changing
indications for lumbar puncture in neurological disorders. Lancet Neurology. 17 (3), 268-278
(2018).

36 Wang, Y. F. et al. Cerebrospinal fluid leakage and headache after lumbar puncture: a
prospective non-invasive imaging study. Brain. 138 (Pt 6), 1492-1498 (2015).

37 Schmidt, F. et al. Detection and quantification of beta-amyloid, pyroglutamyl Abeta, and
tau in aged canines. Journal of Neuropathology and Experimental Neurology. 74 (9), 912-923
(2015).



Figure 1 Click here to access/download;Figure;Fig 1.tif

Subarachnoid catheterization

Preparation . ‘ o
period Monkey chair adaptive training

v

rTMS adaptive training/sham stimulation

Baseline observation

Y

Low-frequency rTMS (1 Hz)
1st period {
Observation and record

v

Washout period

l

Baseline observation

v

[
[
I
[
[
|
[
[
[
[
[
[
[
|
! High-frequency rTMS (20 Hz)
I
[
I
[
[
[
|
|
[
[
[
[
[
|
[

2nd period ‘
Observation and record

y

Washout period

|

Baseline observation

v

3rd peniod High-frequency rTMS (40 Hz)

v

Observation and record



https://www.editorialmanager.com/jove/download.aspx?id=1362230&guid=934a6ab1-327b-49fe-9c54-d921da4d7f17&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1362230&guid=934a6ab1-327b-49fe-9c54-d921da4d7f17&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2.tif =



https://www.editorialmanager.com/jove/download.aspx?id=1362237&guid=bce74204-d242-4e4b-9319-4e9c4b9499d5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1362237&guid=bce74204-d242-4e4b-9319-4e9c4b9499d5&scheme=1

Figure 3 Click here to access/download;Figure;Fig 3.jpg 2



https://www.editorialmanager.com/jove/download.aspx?id=1362232&guid=f72af63b-97e6-4ac7-98e1-3ad497a8cdbf&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1362232&guid=f72af63b-97e6-4ac7-98e1-3ad497a8cdbf&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4.tif =



https://www.editorialmanager.com/jove/download.aspx?id=1362238&guid=1798864d-aa2d-4db9-b422-8a2e3998bb17&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1362238&guid=1798864d-aa2d-4db9-b422-8a2e3998bb17&scheme=1

Table of Materials

Click here to access/download
Table of Materials
Materials Table (1).xIsx


https://www.editorialmanager.com/jove/download.aspx?id=1362461&guid=bfa43095-6f0d-41dd-ac0d-362d8865341a&scheme=1

Rebuttal Letter

Click here to access/download;Rebuttal Letter;Reply to the

reviewers comments.docx

-Response to the reviewers’ comments

Dear Dr. Nilanjana Saha and Reviewers:

Thank you for your letter and for the reviewers’ comments concerning our
manuscript entitled “Effects of repetitive transcranial magnetic stimulation on
AB and tau levels in rhesus monkey cerebrospinal fluid: A pilot study”
(Manuscript ID: JoVE63005). Those comments are all constructive and very
helpful for revising and improving our paper, as well as the important guiding
significance to our researches. We have studied all comments carefully and have
made correction which we hope meet with approval. Amendments are marked
in red in the revised manuscript. The main corrections in the paper and the
responds to the reviewer’s comments are as follows:

Reviewer
number

Original comments of
the reviewers

Reply by the
author(s) point by point

Line
number of
changes

Editorial
comments

Please take this
opportunity to
thoroughly proofread
the manuscript to ensure
that there are no spelling
or grammar issues.

We have made every effort
to improve the quality and
clarity of the language
throughout the manuscript.
Changes that have been
made to the manuscript are
denoted in highlight.

Editorial
comments

Please revise the
following lines to avoid
previously published
work: 91-93, 124-132,
133-137.

Thanks so much for your
careful check. We have
revised these parts to avoid
previously published work.

Line 89-91

Line
120-135

Editorial
comments

Please try to give a more
concise title. It can be
something like, “A pilot
study on the repetitive
transcranial magnetic
stimulation of Ap and
tau levels in rhesus
monkey cerebrospinal
fluid.”

We gratefully appreciate for
the valuable comment. We
have re-written the title

according to your suggestion.

Line 2-3

Editorial
comments

Please revise the table of
the essential supplies,
reagents, and
equipment. The table
should include the name,
company, and catalog

Thanks a lot for your kind
suggestion. We have revised
the table of the essential
supplies, reagents, and
equipment and sorted the
Materials Table

the
Materials
Table

Line 103
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number of all relevant
materials in separate
columns in an xls/xlsx
file. Please sort the
Materials Table
alphabetically by the
name of the material.

alphabetically by the name of
the material.

Line 115

Line 189

Line 194

Editorial
comments

Please revise the text to
avoid the use of any
personal pronouns (e.g.,

"We", "you", "our" etC.).

Thanks for the rigorous
advice. We have revised this
manuscript to avoid the use

of any personal pronouns.

Line 118
Line 151
Line 186
Ling 260
Line 266
Line 267

Line 285

Editorial
comments

JOVE cannot publish
manuscripts containing
commercial language.
This includes trademark
symbols (™), registered

symbols (®), and
company names before
an instrument or
reagent. Please remove
all commercial language
from your manuscript
and use generic terms
instead. All commercial
products should be
sufficiently referenced in
the Table of Materials

(including reagents,
instruments, software,

etc.). Please sort the

Materials Table
alphabetically by the
name of the material.

Thanks a lot for your kind
suggestion. We have revised
the table of the essential
supplies, reagents, and
equipment and sorted the
Materials Table
alphabetically by the name of
the material.

the
Materials
Table

Line 103

Line 115

Line 189

Line 194

Editorial
comments

The Protocol should be
made up almost entirely
of discrete steps without

The Protocol has been
revised according to editorial
comments.

Line
103-195




large paragraphs of text
between sections. Please
simplify the Protocol so
that individual steps
contain only 2-3 actions
per step and a maximum
of 4 sentences per step.

Editorial
comments

Please ensure that all
text in the protocol
section is written in the
imperative tense as if
telling someone how to
do the technique (e.g.,
“Do this,” “Ensure that,”
etc.). The actions should
be described in the
imperative tense in
complete sentences
wherever possible. Avoid
usage of phrases such as
“could be,” “should be,”
and “would be”
throughout the Protocol.
Any text that cannot be
written in the imperative
tense may be added as a
“Note.” However, notes
should be concise and
used sparingly.

The Protocol has been

revised according to editorial

comments.

Line
103-195

Editorial
comments

Please note that your
protocol will be used to
generate the script for

the video and must
contain everything that
you would like shown in
the video. Please ensure
you answer the “how”
question, i.e., how is the

step performed?

Alternatively, add
references to published
material specifying how
to perform the protocol
action. There should be

We gratefully appreciate for
your valuable suggestion. We

have added the details so
that viewers can easily
replicate the protocol

Line
103-195




enough detail in each
step to supplement the
actions seen in the video
so that viewers can
easily replicate the
protocol.

Editorial
comments

Please add more details
to your protocol steps:

Step 2.1: Please mention
the number of trained
personnel needed
simultaneously to carry
out the work.

Line 120: Please mention
how the successful
anaesthetization was
ensured.

Line 129: how much
should the catheter be
inserted?

Line 137: How the
correct protein level was
ensured.

Line 171: Please include
the details of all the
biomarkers used in the
Table of Materials.

Line 186: How long can
the samples be stored?

Line 187-188: Please
provide generic terms
for the detection kit and
software. Details should
be included in the Table
of Materials.

Thanks so much for your
careful check.

Line 113: there are 2 trained
experimenters needed to
carry out the work.

Line 115-117: To ensure the
successful anaesthetization,
the state of the monkey
should be breathed deeply
and slowly, cornea reflex is
dull or disappeared and
muscle relaxation of
extremities.

Line 125-126: Under the
guidance of X-ray, the
catheter should be inserted
until it could be buoyant in
cisterna magna.

Line 134-135: In this study,
we discard the first 0.2ml CSF
(the total volume of the
catheter and port is 0.1ml),
and then collect 1ml CSF for
analysis.

Line 171: All the biomarkers
were tested by Human
Amyloid Beta and Tau

Magnetic Bead Pane | which

have been included in the
Materials Table.

Line 188: The samples can be
stored no more than 1

Line 113

Line
115-117

Line
125-126

Line
134-135

The
Materials
Table

Line 188

Line 189




month.

Line 189: We have included
the details of the detection
kit and software in the
Materials Table.

Editorial
comments

Please include a one-line
space between each
protocol step and then
highlight up to 3 pages of
the Protocol (including
headings and spacing)
that identifies the
essential steps of the
protocol for the video,
i.e., the steps that should
be visualized to tell the
most cohesive story of
the Protocol. Also, please
ensure that it is in line
with the title of the
manuscript. Remember
that non-highlighted
Protocol steps will
remain in the
manuscript, and
therefore will still be
available to the reader.

Thanks for your rigorous
comment. We have included
a one-line space between
each protocol step and then
highlighted up the Protocol in
yellow that identifies the
essential steps of the
protocol for the video.

Line
112-189

Editorial
comments

Please modify the Result
section to include all the
observations and
conclusions you can
derive from the Figures.

Thanks for your nice
suggestion. We have added
the observations from the
figures in the
REPRESENTATIVE RESULTS.

Line
208-211

Line
213-215

Editorial
comments

As we are a methods
journal, please revise the
Discussion to explicitly
cover the following in
detail in 3-6 paragraphs
with citations:

a) Critical steps within
the protocol

b) Any modifications and

We gratefully appreciate for
your valuable suggestion. We
have revised the Discussion
according to your advice.

Line
266-289




troubleshooting of the
technique

c) Any limitations of the
technique

d) The significance with
respect to existing
methods

e) Any future
applications of the
technique

Editorial
comments

Figure 4: Please provide
a space between the
number and the unit,

such as “1 Hz”, “20 HZ",

etc. Also, in the
description of the y-axis,
please include a gap
between the number
and the unit.

Thanks so much for your
careful check. We have
revised the Figure 4
according to your comment.

Figure 4

Editorial
comments

Please spell out the
journal titles in the
References.

Thanks so much for your
careful check. We have spelt
out the journal titles in the
References.

Line
304-397

Reviewer

#1

Method to fix the
catheter need to be
described further with a
picture of the site.

We gratefully appreciate for
the Reviewer’s valuable
comment. However, we are
very sorry that we did not
take a photo of the site. We
added some details about
this step to help the reader
understand it.

Line
127-130

Reviewer

#1

Training to adapt rTMS
seems good. However,
localization of DLPFC
should be described
more precisely. And if
the response of the
monkey could be
explained, it will be
better.

Thanks for the Reviewer’s
rigorous advice. The
localization of DLPFC has
been described in Line
156-157.

Line
156-157




Reviewer

#1

In Fig. 4, an increase in
tTau and pTau is
suggested. How about
present the ratio of
pTau/tTau? The 20Hz
stimulation of tTau
seems to increase in the
post rTMS stimulation,
however, since there is
no change in the amount
of pTau, this may mean a
decrease in pTau. In
addition, both tTau and
pTau are increased by
post-rTMS stimulation at
40Hz stimulation. If the
ratio is calculated, this
increase can be
insignificant.

Thanks for the Reviewer’s
rigorous comment.
Niemantsverdriet et al
reported that the three CSF
biomarkers ABi-42, T-tau, and
P-tauisi are strongly
associated with future
development of AD
dementia. Janelidze et al
found that the CSF ABa42/ABao
ratio was significantly better
predictors of abnormal
amyloid PET than CSF ABa.
However, Grossman et al
demonstrated that the CSF
level of the ratio of
pTau/tTau may be a
candidate biomarker to
provide objective support for
the diagnosis of ALS not AD.

None

Reviewer

#1

It seems necessary to
revise the notation of
the contents of Fig. 4 for
pre-rTMS, post-rTMS, 2h
post rTMS, 6h post-rTMS
and 24 post rTMS. If the
meaning of Post-rTMS is
immediately after
processing, it seems that
Oh should be added (Oh
post rTMS).

Thanks so much for the
Reviewer’s careful check. We
have added Oh (Oh post
rTMS).

Line 187

Line 242

Reviewer

#1

A detailed description of
the lipid chip assay is
required, and it is likely
that details such as
product catalog numbers
should be entered.

Thanks for the Reviewer’s
nice suggestion. We have
added this part in the
Materials Table.

The
Materials
Table

Reviewer
#2

Do the study randomize
the stimulation order for
1, 20, and 40Hz in one
monkey? How make sure
that the rTMS did
produce interference
effect or after effect

We gratefully appreciate for
the Reviewer’s valuable
comments. In this study, we
did not randomize the
stimulation order for the
three frequencies as we
described in Figure 1. We

None




among each frequency
intervention? How to
avoid the accumulation
effects of rTMS when
testing different rTMS
parameters in one
animal?

collected CSF at 5 time points
(pre-rTMS, OH/2H/6H/24H
post-rTMS) to explore
interference effect or after
effect of rTMS stimulation at
different frequencies. A
washout period exceeding
24h was used to avoid the
accumulation effects of
rTMS.

The head of money
should move freely
during rTMS intervention
since no firmly fixation of

Thanks for the Reviewer’s
rigorous comment. We did
rTMS adaptive training
before the formal
experiment so that the
monkey did not be scared
because of the vibrations and
sounds during the
stimulation process.

Reviewer head. How to mark sure Nevertheless, the monkey's | Line
#2 the stimuli of rTMS can | head still has a small range of | 281-284
precisely target to the movement during the
DLPFC during the long experiment even after the
period of brain training. It would be better if
stimulation? the robot-assisted tracking
system can be used, which
can localize the stimulation
sites and position the TMS
coil simultaneously when the
head moved.
How to localize the
Thanks for the Reviewer’s
. DLPFC of Money? . . .
Reviewer According the rigorous advice. We have Line
#2 i ) 8 added the details according | 156-157
international 10-20 .
to the Reviewer #1.
system?
As we described in Statistical
i Why the study used the )
Reviewer . analysis, we used two-way
statistical approach of None
#2 repeated-measures ANOVA

one-way ANOVA?

not one-way ANOVA.

We have studied reviewer’s comments carefully and have made revision which
marked in red in the paper. We have tried our best to revise our manuscript




according to the comments. Attached please find the revised version, which we
would like to submit for your kind consideration.

We would like to express our great appreciation to you and reviewers for
comments on our paper. Looking forward to hearing from you.

Thank you and best regards.

Yours sincerely,
Ling-Yi Liao
Corresponding author:
Name: Qiang Gao

E-mail: gaogiang_hxkf@163.com



