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APPENDIX 2 — CELL CULTURE OPTIMIZATION
Background
Primary hippocampal cell culture as a model of AD

In this work, numerous experiments were conducted using low-density cultures of
primary, embryonic hippocampal cells to which monomeric AP4, or ABOs were applied as a
model of AD. Unlike clonal cell lines, primary cells in culture have the advantage of naturally
forming differentiated axons and dendrites with extensive synaptic connections®®®. At low
density, the neurons form a monolayer over which individual dendrites can be distinguished and
individually analyzed. Additionally, hippocampal cell cultures prepared from late embryonic
tissue contain a relatively uniform population mostly comprised of pyramidal neurons, with low
levels of glial cells. These cultures, which are most often prepared from rat embryonic tissue, are
well-characterized in the literature. Hippocampal cells were also preferred because, at very early
stages in AD, neurodegeneration is observed in the hippocampus’®. Hippocampal cells also
exhibit high levels of binding to ABOs in culture, and resulting calcium dyshomeostasis,
oxidative stress, tau phosphorylation, and synaptotoxicity have been observed’!’*. As such,
biological mechanisms of ABO formation, neurodegeneration, and binding can be investigated

using this model.
Methods for culture hippocampal cells

Two predominant methods have been established for the culture of primary hippocampal
neurons. One, established by Banker et al., involves sandwich co-cultures of neurons with an
astrocyte feeder layer, which provide the necessary neurotrophic factors to support the growth of

low-density cell cultures®®’>. After maturation, coverslips containing neurons can then be
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separated from the astrocyte feeder layer for experimental use. A second protocol, developed by
Brewer et al., involves growth of neurons in a defined, serum-free medium which supplies
trophic factors and suppresses the growth of glial cells’>”””. This enables growth of neurons with
minimal glial cells that can be directly used for cell culture without transfer. The protocol used

here is based on this method.

Procedure

Nitric acid wash coverslips (>2 days, non-sterile)

1. Add 12 mm coverslips (Fisher Scientific 12-545-80P or 12-545-81P) to a rectangular glass
dish with a lid.
2. In a fume hood, carefully add concentrated nitric acid (Fisher Scientific A200-500) to the
glass dish with coverslips.
3. Place the coverslips in nitric acid on an orbital shaker for >24 h with the lid on.
4. After 24 h, vent the coverslip container in the fume hood briefly. Then, dispose of nitric acid
by decanting slowly, diluting into a high volume of cold water for disposal.
e [t is normal for this step to generate heat. Use plenty of cold water to mitigate heat.
5. Rinse once quickly with reverse-osmosis water to the dish.
6. Perform 6 washes, for >1 h each, with double-distilled (dd)H>O on an orbital shaker.
e For this step, shaker speed should be rapid enough that coverslips are moving slightly
within the glass dish.
7. After washes, lay coverslips out individually on large, clean pieces of paper to dry,
approximately 2-3 h.

e To avoid accumulation of dust, coverslips cannot be left to dry overnight in this step.
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8. Transfer coverslips to clean glass Petri dishes.
e Nitric acid-washed coverslips can collect dust over time after cleaning. For this

reason, it is best to prepare freshly-coated coverslips at least every 2-3 months.

Coating coverslips with poly-D-lysine (1 day, sterile)

Autoclave in advance: forceps, non-cotton-plugged glass pipettes, two 500 mL glass bottles

containing ddH»O.

1. Using sterile forceps, fill 4-5 plastic Petri dishes (100 mm) with a single layer of coverslips
(about 35-40 coverslips in each).
2. Prepare the poly-D-lysine (PDL) stock (5 mg PDL (Sigma-Aldrich P6407) + 50 mL sterile
ddH20), or thaw a prepared solution at 37 °C.
3. Prepare the PDL working solution by 1:1 dilution of PDL stock with sterile ddH2O, invert
several times to mix.
4. Add 10 mL of the PDL working solution to each dish.
e Some coverslips will float up from the bottom. Use a sterile glass pipet to push each
coverslip down to the bottom of the dish with minimal overlap.
5. Incubate the coverslips in this solution in a sterile hood for 1 h at RT.
6. Wash the coverslips 4 times with 20 mL sterile ddH>O per wash and 45 min each on an
orbital shaker.
e After adding water, use a glass pipet each time to make sure the coverslips lay flat,
non-overlapping, at the bottom again.
7. Using sterile forceps, transfer the coverslips into 35 mm sterile dishes, 4 coverslips per dish.

Ensure that the coverslips do not touch one another or the edges of the dish.
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8. Allow these dishes with coverslips to dry overnight.
e The coated coverslips may be used as soon as the next day and should not be stored

for more than 1 week. Coverslips must be kept in a sterile environment until use.

Tissue dissection and dissociation and neuron plating (1 day, sterile)

Prepare in advance: In advance, prepare and store 680 mM glutamate stock (0.2 g L-
glutamate (Calbiochem 3510) + 2 mL 2M HCI) stored at 4 °C. Fire-polish cotton-plugged glass
pipettes. Autoclave: dissecting forceps, one 150 mL glass bottle, and the box of fire-polished
pipettes. Obtain a new lab coat to use for each new cell culture. Measure 6 mg papain (Sigma-
Aldrich P4762) into a 15 mL tube, and store this at -20 °C until use. Clean 1-2 plastic trays,

sterilize them with ethanol, and keep them in a sterile environment until use.

Prepare the same day: Prepare the hippocampal plating media (25 uM glutamate in
NbActivl): 3.68 pL glutamate stock + 100 mL NbActivl (Transnetyx NB1), sterile filter and
store at room temperature until use. Warm at room temperature: Hibernate E (-CaCl)
(Transnetyx HECA) and nigrosin stain (0.3% w/v in HBSS). Turn on a heat sterilizer and allow

it to reach 200 °C prior to use.

1. Prepare the cell dissociation solution (3 mL Hibernate E(-CaCl>) + 6 mg papain), incubate it
10 min at 37 °C, and sterile-filter it prior to use.
2. Dissect hippocampus, leaving a small amount of cortex attached.
e Use a sterilizing heater to ensure sterility of forceps prior to dissecting.
3. Using cotton-plugged pipettes, remove most of the original Hibernate EB complete (HEB,
Transnetyx HEB) solution, leaving all the tissue at the bottom of the tube in a low volume of

media.
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Add 2 mL of the sterile cell dissociation solution to the tissue, incubate this 10 min (must be
less than 20 min) at 37 °C. Invert once to mix halfway though.
Remove most of the cell dissociation solution, leaving the tissue at the bottom of the tube.
Add the original HEB solution back to the tissue to neutralize it.
Triturate the tissue 10 times maximum using a sterile, fire-polished, cotton-plugged glass
pipet.
Centrifuge the tube containing tissue 1100 (200 x g) for 2 min. A small, defined pellet should
form.
Remove the HEB solution, leaving a minimal volume of media containing the pellet in the
tube.
Add 2 mL of the plating media to the tissue. Triturate the tissue 10 times maximum to
resuspend it.
In a small tube, mix 180 pL of 0.3% nigrosin in HBSS solution with 20 pL of the cell
solution and vortex. Then, add 10 pL of this solution to each side of a hemocytometer to
count the cells.

e The total number of cells counted here should be >100.

e Calculate the concentration of cells based on the following parameters: (1) volume of

each of 5 large squares on the hemocytometer is 0.1 mm?® = 0.0001 mL, (2) 1:10

dilution of cells into vital dye. Apply the equation:

avg. # cells per square vol. counting solution (200 uL) number total millions cells
volume of square (0.0001 mL) vol. cell solution added (20 uL) - mlL cell solution

which can be simplified to:

Avg. # cells per square total millions cells
= number -
10 mlL cell solution
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Add additional plating media to dilute the cell solution to the desired concentration (110,000
cells/mL) and invert 3 times to mix.
Arrange the 35 mm dishes containing coverslips in a clean, sterile plastic tray.
Plate the cells directly onto each coverslip, 150 uL on each coverslip. The cell suspension
should form a bead on top of the coverslip.

e This plating volume produces a cell density of approximately 15,000/cm?:

110,000 cells 9 0.15mL  coverslip 10 mm
mL coverslip  (6bmm)?n

2 _ cells
)° = 14,589 /sz

Cover the tray with a lid, and carefully place the tray into the incubator. Allow the cells to
attach at 37 °C, 5% COa, for 45 min-1 h.

Use a microscope to verify that the cells have attached to the coverslips, and capture images
before feeding.

Add 1.4 mL of the plating media to each dish to a final volume of 2 mL, filling the dish.

Return the tray to the incubator, and incubate the cells 37 °C, 5% CO..

Feeding cells (sterile, feed cells on day 4, then every 3 days, 2 h per day)

Prepare the same day/in advance: Prepare 7 sterile aliquots of NbActivl media according to the

volume needed to feed the culture, approximately 45 mL. Warm NbActivl to 37 °C.

1.

2.

First, image 5 coverslips under the microscope, as a record of cell growth.
Feed all the dishes by half-media exchange.
e Remove 1 mL of old media from each dish and dispose. Add 1 mL of fresh
NbActivl back to each dish. Use a new pipet tip each time.
e Note: ensure all pipetting is done slowly and carefully to avoid disturbing the cells.

The pipet tip should touch the dish, but not the coverslips.
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3. Return the tray of cells to the incubator at 37 °C, 5% COa.
Results and discussion

In this work, 60 neuron cultures were conducted. Kirsten Viola provided significant
advice and conducted the tissue dissections, and Yifan Xu and Weijian Huang assisted with
several cell cultures and contributed to optimization. Optimization of cultures grown on glass
coverslips and 96-well plates will be described. Overall, primary hippocampal neuron culture
was healthiest when some cortical cells were included for neurotrophic support, and when cells
were triturated using fire-polished pipets, plated on poly-D-lysine coated glass coverslips, at a

density of 0.11-0.22 million cells/mL (15,000-30,000 cells/cm?) (Figure 1).

14 div

4 div

Figure A2.1 Healthy neuronal cells in culture. Representative images of healthy neuronal cells

in culture from 4 div to 21 div are shown. Cells were used for experiments between 18-25 div.

Optimal coverslip coating was obtained with poly-D-lysine

Initially, neurons were grown using pre-dissected hippocampal tissue sourced from

BrainBits; initial optimization used this tissue. Optimization of coverslip coating demonstrated
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that poly-D-lysine (PDL) enabled superior survival at 3 div when compared to poly-L-lysine, and
coverslips washed four times instead of once after incubation with PDL also appeared to
demonstrate better distribution and survival of neurons overall (Figure 2). This is in agreement
with the theoretical advantage that poly-D-lysine is a non-bioactive enantiomer, whereas poly-L-
lysine, the naturally occurring enantiomer, and can cause toxicity to cells’. However, several
studies have used poly-L-lysine as a substrate without toxicity to neurons®®. The results obtained
here indicate that poly-D-lysine was preferable for neuronal attachment under the conditions

tested here.

PDL-coated (4 washes) PDL-coated (1 wash) PLL-coated (4 washes)

Figure A2.2 Poly-D-lysine coating yielded best survival. Two representative images each are
presented of 3 div cultures grown on coverslips prepared with three different coating conditions.
The leftmost set was coated with poly-D-lysine (PDL) and washed 4x prior to use. The center set
was coated with PDL and washed just 1x prior to use. The rightmost set was coated with poly-L-
lysine and washed 4x prior to use.

“Rough” dissection and sufficient media volume yielded healthier cells with increased survival

At the recommendation of Kirsten Viola, the dissection process was next optimized by
including a small amount of cortical tissue in a “rough” dissection of hippocampus. This “rough”

dissection dramatically improved culture quality, producing healthier cells and survival of
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neurons to older ages (Figure 3). These results match a significant body of literature supporting

the neurotrophic effect of astrocytes in neuronal cell culture’.

3 div

i

6div 10 div

Hippocampus only

Hippocampus with
small amount of cortex

Figure A2.3 Healthier cells with longer survival were obtained when a small amount of
cortex was included. Representative images of cells grown in culture with or without a small
amount of cortex included. Cultures of hippocampus only (top) tend to clump together, and
severe damage is observed by 10 div. Cultures of hippocampus with a small amount of cortex
can survive beyond 17 div and form better distributed cultures which make a network of fine
processes. Cells are from two different cultures and were imaged on different days, but the same
general trend was observed in at least 3 cultures for each condition.

13 div

4 dv 7 div

1.2 mL media

2.0 mL media

Figure A2.4 Use of sufficient media volume (2mL) was necessary for neuronal health and
longevity. Representative images of cells grown in cultures with different volumes of media.
Cultures with 2.0 mL media (in 35 mm dishes) survived longer and were healthier than cultures
in 1.2 mL media. Cultures were grown on different days from different tissue, but 2 mL of media
consistently yielded healthy cultures.
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Optimization of the media volume demonstrated that 2.0 mL media yielded healthier
cells and longer survival than 1.2 mL (Figure 4). This volume, in the 35 mm dish, is likely

needed to enable sufficient nutrition over the intervals over which media is unchanged.

Fire-polishing pipettes and reducing cell concentration improved cell dispersal

Trituration with fire-polished pipettes also yielded slightly improved cell dispersal
compared to untreated pipettes (Figure 5). This effect could be attributed to reduced damage of
cells during trituration due to the smoother surface of the pipet, or to the slight narrowing of the

pipette opening that is achieved by fire-polishing, enabling more thorough cell dissociation.

Fire-polished pipettes (7 div)

Untreated pipettes (7 div)

e

Figure A2.5 Fire-polishing pipettes yielded slightly improved dispersal of cells early in
culture. Representative images of cells at 7 div in cultures dispersed by trituration with untreated
pipettes (left) versus fire-polished pipettes (right). Although cultures were similar, use of fire-
polished pipettes appeared to yield better dispersal of cells with reduced clumping at 7 div.
Images are from different cultures prepared with different tissues, but use of fire-polished
pipettes for subsequent cultures consistently yielded healthy, well-distributed cells.

Finally, using a lower concentration of cells (15,000 vs 30,000 cells/cm?) did not harm
cell survival or health, and in fact slightly reduced cell clumping (Figure 6). Additionally, this
concentration enabled production of twice as many of coverslips, thereby doubling the number of

experiments that could be conducted. Therefore, these combined optimized conditions were used
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for all future cell cultures. Although these cells were most often healthiest around 21 div, when
they were typically used in experiments, they could live longer, even up to 36 div (Figure 7).

4 div 7 div . 13 div 17 div

30,000 cells/cm?

15,000 cells/cm?

Figure A2.6 Cells grown at 0.11 million/mL are healthy with slightly improved distribution
later in culture. Representative images of cells at 4-17 div in cultures plated at 30,000 cells/cm?
(top) versus 15,000 cells/cm? (bottom). Lower concentrations appeared to yield better dispersal
of cells at older ages in culture. These cultures were prepared from the same tissue on the same
day. After this time, cells plated at 15,000 cells/cm? over numerous cultures demonstrated good
health and dispersal.

Figure A2.7 Extended survival of cells in culture. Representative images of cells at 14-36 div
in culture.
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Use of trays without lids reduced survival

An additional experiment tested the viability of growing cells within dishes placed in
glass trays without lids, which had the benefit of being autoclavable, and therefore more sterile.
However, in glass trays, survival of cells was dramatically reduced compared to the previously
used plastic trays with lids (Figure 8). The lid may protect against contamination or maintain a
favorable local humidity or gas environment around the dishes. Based on the results of this

experiment, plastic trays with lids were continued in use after this test.

15 div . 18 '

Covered tray

Glass tray

Figure A2.8 Reduced survival in glass tray compared to covered tray. Representative images
of cells at 15 and 18 div in culture dishes incubated within a covered tray (top) versus a glass
tray without a lid (bottom).

Healthy neurons were grown on 96-well plates

A handful of cell cultures were also conducted on 96-well plates for use in live-cell
assays. Optimized conditions included plating media without glutamate (Figure 9), density of
20,000-40,000 cells per well, and use of Greiner pre-coated plates (Figure 10). These conditions
yielded the healthiest cultures among those grown on plates. Overall, the cells grown on

coverslips were healthier than those grown on plates. However, growth of neurons in 96-well



plates was a valuable tool for live-cell, high-throughput assays in which high-magnification

microscopy was not needed.

Glutamate in plating media No glutamate in plating media

Figure A2.9 Cells in plates grown without glutamate clumped less. Cells were grown in pre-
coated 96-well plates, plated either in NbActiv4 media with (left) or without (right) glutamate,
and were imaged at 7 div. Both conditions were cultured at the same time from the same
tissue. Cells plated without glutamate in the plating media were less clumped.

Greiner pre-coated NUNC freshly coated
20,000/well 20,000/well 20,000/ well 20,000/well
< v +glutamate : +glutamate
A
i = 5
\\a) =
L
~ 40,000/well  40,000/well 40,000/well s 40,000/ well
+glutamate +glutamate

Figure A2.10 Cells survived in moderate health at 20,000-40,000 cells/well in Greiner pre-
coated plates. Cells grown in Greiner pre-coated 96-well plates (left panel) or NUNC, freshly
coated plates (right panel), and plated at 20,000-40,000 cells/well in the presence or absence of
glutamate were imaged at 14 div. Cells in the Greiner plates survived to 14 div, while those in
the freshly coated plate did not survive. This is attributed to excess PDL in the wells, which is
difficult to remove from plastic by washing. Within the Greiner plate, the cells grown in the
absence of glutamate demonstrate the most elongated processes with the least clumping.

199
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Coverslip cultures demonstrated differentiated axons and robust APO binding

Cells grown on coverslips using the optimized procedure developed differentiated axons
and dendrites in culture at 14 div (Figure 11). These were demonstrated by immunofluorescent
labeling of the dendrite-specific microtubule-associated protein 2 (MAP2) and the axon-specific
tau protein®. The very modest presence of tau signal in dendrites that was observed in the
dendrites in this experiment is typical of cells grown in culture, as seen in the experiments of

Zempel et al®!.

Figure A2.11 Neurons in culture demonstrated differentiated axons and dendrites. Two
representative images from cells grown on coverslips according to the optimized procedure. At
14 div, axons and dendrites were labeled with antibodies against tau protein (red) and
microtubule-associated protein 2 (green), respectively.

Further, to determine whether neurons grown with these methods could bind ABOs,
crosslinked APOs made according to the procedure of Cline et al. were applied (500 nM, 30 min)
to neurons in culture at 20 div®’. ABOs were labeled by immunofluorescence using the in-house
antibody NU-2 and dendrites were labeled with an antibody against MAP2. Binding of ABOs

was clearly observed along dendrites of cells in these cultures (Figure 12).
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Figure A2.12 Dendritic binding of ABOs was clearly detected in hippocampal neuron
culture. Representative image of hippocampal neurons grown on coverslips according to the
optimized procedure. Binding of crosslinked ABOs (NU2, red) along dendrites (MAP2, green)
can be clearly observed.

Conclusion

Optimization of primary hippocampal neuron culture resulted in a protocol in which a
small amount of cortical tissue was included to provide neurotrophic support, trituration was
conducted using fire-polished pipets to improve dispersal, coverslips were coated with poly-D-
lysine, and cells were plated at a density of 15,000-30,000 cells/cm?. These conditions were used
to reproducibly grow healthy cultures. In these cultures, axons and dendrites were differentiated

by 14 div and ABO binding was robustly detected in experiments conducted at 20 div.
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APPENDIX 3 - IMAGEJ MACROS

Save open files
The macro written below saves all open files as .tif files. Most files are saved from the
microscope as proprietary, .lif files, therefore this macro is used to save tiffs for all open files for

further processing.

for (i=1l; i<=nImages; i++) {
selectImage(i);
title = getTitle();
saveAs("tiff",” [filepath]"+title);
close();

Random nameS
Instead of a macro, the .bat file “Random Names”, written by Jason Faulkner
(https://www.howtogeek.com/57661/stupid-geek-tricks-randomly-rename-every-file-in-a-

directory/), was used to randomly name the tiffs, to enable blind analysis.

Save open files specific channels
The macro written below saves the red and green channels of each open image into the

designated folders in the macro.

for (i=1l; i<=nImages; i++) {

selectImage(i);

title = getTitle();

run("Se1ect ATT"™);

run("bDuplicate...", "duplicate channels=1");

saveAs("'tiff", "[f11epath]/Red/"+t1t1e),
close();

run("Duplicate...", "duplicate channels=2");

saveAs("'tiff", "[filepath]/Green/"+title);
close();

//run("Duplicate...", "duplicate channels=3");

//saveAs("tiff", "[filepath]/Blue/"+title);
//closeQ);

close();
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Use dendrites and analyze length
The following macro was used to analyze the total length of the dendrite skeleton, in each image,
in microns. These values are reported using the print function as [filename] [total length].
During the operation of the macro, the user specifies one folder as an input for the dendrite
signal, and one folder for the output of the shape of the dendrite skeleton. The threshold used for
MAP?2 in this macro is set by default to 15 but was tested and set for each experiment at an

appropriate value that was kept constant within the analysis of that experiment.

inputMAP2 = getDirectory('"Choose Input MAP2 Directory");
//inputnucleus = getDirectory("Choose Input Nucleus Directory");
//outputdendrites = getDirectory('"Choose Output Dendrites Directory");
outputskeleton = getDirectory(''Choose Output Skeleton Directory");

function skeleton(inputMAP2, outputskeleton, filename)

{
//Create skeleton
open(inputMAP2 + filename);
run("Gaussian Blur...", "sigma=2");
setThreshold(15, 255);
setoption("BlackBackground", false);
run("Convert to Mask™);
run("skeletonize");
saveAs("Tiff", outputskeleton + "/" + filename);
//Analyze the skeleton and save the total Tlength

run("Analyze Skeleton (2D/3D)", "prune=none show");
close("Results");
Table.rename("Branch information", "Results");

for(i=0; i<nResults; i++) {
total_length += getResult("Branch length", 1i);

print(f11enqm§'+ "__" + total_length);

close( );
close("Results");

setBatchMode(true);
Tist = getFileList(inputMAP2);
for (i = 0; i < Tist.length; i++)
skeleton(inputMAP2, outputskeleton, Tist[i]);
setBatchMode(false);



204

Use dendrites to analyze NU2

The following macro was used to analyze the number of NU2 puncta above the selected
threshold within a region around the dendrites. During the operation of the macro, folders are
specified for the input images in two channels, as well as an output of the area that was tested.
As in the previous macro, the threshold used for MAP2 in this macro is set by default to 15 but
was tested and set for each experiment at an appropriate value that was kept constant within the

analysis of that experiment.

inputdendrites = getDirectory("Choose Input Dendrite Directory");
inputNU2 = getDirectory(''Choose Input NU2 Directory");

outputarea = getDirectory(''Choose Output Area Directory");
NU2_threshold = getNumber("Choose a threshold for Nu2", 50);

function analyze_NU2(inputdendrites, inputNU2, outputarea,
NU2_threshold, filename)

//Use dendrites to identify analysis area
open(inputdendrites + filename);
run("Gaussian Blur...", "sigma=2");
setThreshold(35, 255);
setoption("BlackBackground", false);
run('"Convert to Mask");
run("options...", "iterations=15 count=1 do=Dilate");
saveAs("Tiff", outputarea + "/" + filename);
run("Create Selection");
close();

//Analyze particles in NU2
open(inputNuU2 + filename);
run("Restore Selection");
setThreshold(NU2_threshold, 255);
run("Analyze Particles...", "display summarize");
close();

}

setBatchMode(true) ;

Tist = getFileList(inputdendrites);

for (i = 0; i < Tlist.length; i++)
analyze_NU2(inputdendrites, inputNU2, outputarea,

NU2_threshold, Tist[i]);

setBatchMode(false);
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