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Novel mo @ itro BBB and granuloma model to study Mycobacterium dissemination to
the brain

N

Signifi ment (Social media promotion)
Tuberc of the central nervous system (CNS) is the most dangerous form of
Mycobacteri berculosis (Mtb) infection. Despite its public health importance, due to the
lack of appropridie models, current understanding of the dissemination of Mtb into the brain
is limited. sent an in vitro mouse model of the blood brain barrier (BBB) that can be
applied to stu. tb dissemination across the BBB.
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Abstract

In vitro ¢ Is of the blood-brain barrier (BBB) provide a useful platform to test the

mecharﬁs mellular infiltration and pathogen dissemination into the central nervous
system ( ._We present a mouse in vitro model of the BBB to test Mycobacterium
tuberculo (M ) dissemination across brain endothelial cells. One-third of the global
population 4 cted with Mtb and in 1-2 % of these cases bacteria invade the CNS through
a largely process. The “Trojan horse” theory supports the role of a cellular carrier
that engul ies the bacteria to the brain without being recognized. We present for the
first time 3

ol of an in vitro BBB-granuloma model that supports the Trojan horse

vitro infe

mechanis dissemination into the CNS. Handling of bacterial cultures, in vivo and in
Elaﬁon of primary astroglia and endothelial cells and the assembly of the in

vitro BB is presented. These techniques can be used to analyze the interaction of

adaptlve e immune system cells with brain endothelial cells, cellular transmigration,

al and functional changes and methods of bacterial dissemination.

Bas1cl§lsolatlon of primary brain astrocytes and endothelial cells

Basic protocol 2. Isolation of mouse bone marrow-derived dendritic cells (DC)

Basic pro Isolation of mouse peripheral blood mononuclear cells (PBMCs)

Basic pro@Handling of Mycobacterium tuberculosis (Mtb) culture, in vivo and in vitro

infections

Basic protocol S. Protocol for the in vitro granuloma and BBB model assembly

Suppor®PFeteedl 1. Assembly of the blood brain barrier (BBB) co-culture model

Support m 2. Flow cytometry analysis to validate the purity of the DC culture

Support 3a. Purification of CD4+ T-cells from primary mouse PBMCs

Support ol 3b. Flow cytometry analysis to validate the purity of the isolated CD4+ T-
cells

Support protocol 3c. Spleen cell isolation

Support protocol 4. Liver granuloma supernate isolation and determination of organ load

colony forming unit (CFU)
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INTRODUCTION

Mthelial cells form the functional basis of the brain capillaries which separate
the brain a from the circulation, and form the neurovascular unit together with
pericytes,m

McGavér™ 2099 [n vitro modeling of the blood-brain barrier (BBB) provides a method to

microglia and neurons (Engelhardt et al., 2017; Mastorakos &

study ma ts of brain function: cell-cell interactions between cell types of the BBB,
drug pem@ and metabolism, brain vessel related diseases and microbial pathogenesis
involving € r transmigration across the brain endothelial cell monolayer (Helms et al.,

2016; DeStefanofet al., 2018). Mycobacterium tuberculosis (Mtb) primarily infects the lung

resulting in pulmonary granuloma formation, however disseminating bacteria can spread to
the central nervim system (CNS) and form lesions in the parenchyma causing serious

neurologic toms and high mortality (Jain et al., 2018). Previous studies from our
laboratory$have shown that dendritic cells (DCs) in vivo are capable of escaping the primary

granuloma and contribute to Mtb dissemination (Harding et al., 2015). The mechanism how
Mtb enteNS is not yet clear. The presented model allows to test different
mechani including the "Trojan Horse" theory which favors Mtb dissemination into the
CNS viace ansport.

model cellular and bacterial transmigration across the brain endothelial
monolayer, we developed an integrated in vitro BBB and granuloma model combining
multiple pmcells derived from mice. The current protocol details the isolation process of
mouse primatiygbrain endothelial cells and primary astroglia and the assembly of the in vitro
BBB co-codel using these two cell types on Transwell culture inserts. To study Mtb
disseminat} h a cellular carrier, primary bone marrow-derived DC isolation and

infection with mycobacteria is described. The assembly of the in vitro granuloma system also

involveMon of primary peripheral blood mononuclear cells and primary spleen cells

besides them d DCs to the luminal (apical) compartment of the Transwell inserts. Here
in the Tra odel the apical compartment represents the vessel lumen, while the bottom
(basal) com nt corresponds to the brain environment. Using this method several key

terial dissemination can be identified, including immune cell and BBB
interactions, B disruption and inflammatory characteristics, cellular transmigration,

bacterial dissemination and background mechanisms.
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STRATEGIC PLANNING

To establish this in vitro model consisting of at least four different primary cell
cultures“onsideration of biological variables such as sexes and ages are important
(newborn r astroglia and 2-6 month-old mice for endothelial cell, dendritic cells and
PBMCS/SQ Figure 1). In the current article, we do not detail animal housing and
breedif® H™HE™#Ppropriate biosafety levels; local protocols must be established and animal
facilities . The handling of Mtb has to take place in a special Biosafety Level 3
facility, fm local facilities and protocols need to be established. Alternatively, pilot

experimen e performed with the attenuated Mycobacterium bovis bacillus Calmette-

Guérin (E@s‘teur strain, for which a BSL2 facility and special decontamination is
ee Basic

needed (s protocol 4.). We provide the schematic (Figure 1) for the general timeline

of the isolation Bf cell types, mycobacterial infections and model assembly to help the

U

understand rotocols and planning.

Ex@eriments need to be executed in a sterile microbiological hood with laminar

q

airflow. A nts and equipment need to be sterile or sterilized before use. During all

isolations fex or glial cells, donor mice need to be sex-matched for all cell types to avoid

a

incom e did not observe differences when using female or male animals, but in

general ce rom males of the same age is higher.

[*Insert Figure 1 near here]

[

Basic protogelsl. Isolation of primary brain astrocytes and endothelial cells
The isolafio primary mouse brain endothelial cells (ECs) and astroglia cultures was

previously ished in detail (Lénart et al., 2015; Barna et al., 2020). The isolation

he

procedur the assembly of the BBB model require precision and expertise in handling

primar Isolation of glial cells is done by mechanical dissociation of brain tissue

{

with a lo mmneedle and an additional filtration step. The final glia culture contains

%dnicroglia cells besides astroglia. The purity of cultures should be confirmed

=i
)
o
é

by immuno emistry or flow cytometry. Isolation of ECs is performed by a two-step

stion and a 3-step gradient centrifugation. The high purity of the EC culture is
ensured by selec

et al., 2005).

e elimination of other contaminating cell types using puromycin (Perriere
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Materials:

Mice used for cell isolations:

H For one isolation, 13, 2-6 months old C57BL/6 wild type mice, male or
m (The Jackson Laboratory, cat. no. 000664), yield is max. 1.8 x10° cells

lia: For one isolation, 2 newborn, maximum 3-day-old C57BL/6 wild

B ESEBC mice, yield is 2xT25 flask confluent cell layer, about 3 x10° cells / flask

Is anesthetic
70@01 prepared from 100 % absolute ethanol (EtOH)
Sty pad, sterile needles for the dissection

Sterilghdis8ecting instruments: 2 curved forceps with fine tip, 1 big straight forceps, 1

3

small curved blunt forceps, 2 small scissors, 1 big scissors, 2 scalpels with blades
glass bealiers, glass petri dish
fine aper or WHATMAN Chromatography paper 3MM (CHR 3030 909)

Gl

10MnL sterile syringe (Braun)
(21G 4 %4; Braun, 4665643)

A

lon

6-wel e culture plates (Corning)

d

culture flask (Corning)

ical centrifuge tubes (e.g. BD Falcon)

1 (40 um, Corning, Falcon, cat.no. 352340)

Phosphate buffered saline solution (PBS)

C(!a%enase 2 (Sigma, stock concentration 10 mg/mL, final concentration: 1 mg/mL)

C(@e/dispase (Roche, stock concentration 10 mg/mL, final concentration:
1

D igma, stock concentration: 2000 U/mL)
P in (Sigma, stock concentration: 4 mg/mL; final concentration 4 pg/mL)

We serum albumin (BSA)-DMEM/F12 solution

- Rofi d, swing-out rotor centrifuge (Eppendorf 5810R)
Primary a: iagiculture medium components:

DM th 1 g/L glucose containing stabile L-glutamine (GlutaMAX or equivalent,
chnologies, Gibco)

FBS (10 %; Corning Cellgro, 35-010-CV)

HEPES (1 M solution from Corning or Sigma powder, used concentration: 10 mM),

Gentamicin (Sigma, 50 mg/mL, final concentration: 50 pg/mL)
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Primary brain endothelial cell (EC) culture medium components:

DMEM/F12 containing stable L-glutamine (GlutaMAX or equivalent, Life

Mes, Gibco)

- Fe ine serum (FBS) (10 %; Corning Cellgro, 35-010-CV for use in the US);
led Bovine Serum (PDS) (10 %; First Link UK Ltd., 60-00-850 for use
Tih STESEEFO e )

- H M solution from Corning, final concentration: 10 mM),

- Gmn (Sigma, 50 mg/mL, final concentration: 50 pg/mL)

- hb uman basic fibroblast growth factor, Sigma, final concentration: 1 ng/mL)

- Hwigma, final concentration: 100pg/ml; 20U)

- 1% ITS (Insulin-transferrin-sodium selenite supplement, Sigma or Thermo Fisher

Scientiﬁcgl 00x)

- Duri first 3 days after isolation this medium is supplemented by another 5 % of
PDS or FBS and 4 ug/mL puromycin.

Protocol mary mouse astroglia isolation

1. ice according to local animal handling regulations. Rinse the head of the

anim ice in 70% ethanol, then cut the heads with scissors and put them into a big

n ice.
Keep the tissue and the isolate on ice during the steps of the protocol when

s aﬁempriate. This ensures better viability and higher yield at the end of the

RLOCeESS.
2. Puection equipment into two beakers filled with 70 % EtOH. Place one small

sciﬁd curved forceps into one beaker and two fine curved forceps and one small
) i

nto the other beaker. Prepare two small glass Petri dishes on ice: one of them

W‘[ain sterile PBS, the other one 2 mL DMEM/F12.

3. Bra to be removed from the skull in a sterile way. For this pin down the nose
wi le to the Styrofoam pad. Cut up the skin with a pair of small scissors in the
mid. he head and fix the skin edges to the dissecting pad with needles firmly.

ther pair of scissors for cutting the bone with a sagittal incision. Keep the
scissors 111 ethanol when not in use. Open the skull with the curved forceps, remove
the olfactory bulb and the cerebellum. Take the forebrain and put it into a dish

containing PBS on ice. Collect all brains to this same dish.
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4. Cut the brains in half and remove the meninges by rolling brain fragments on wet
sterile chromatography paper and place the brain tissue in 1 mL of DMEM.
5. Minges are removed from all brain tissue pieces, place them with a 1 mL

pimm mL tube containing 10 mL of DMEM with 10 % FBS. Dissociate the

tis ically using a 10mL syringe with a 21G 4 % long needle. Suck up the
BnfFEMORL into the syringe then push it back three times.
6. W echanical dissociation is done, place the needle and syringe to an empty
tut@low the medium with the tissue pieces to sit for 1 min. Remove the top
m

another tube. Add another 7 mL of media with serum and repeat the

7
diw step twice more.
uring the 1 min waiting time following the mechanical dissociation bigger

tis§ue clumps settle in the tube. After moving the dissociated tissue with the

er part of the medium to another tube, the settled clumps at the bottom of
s the tube will be disrupted with the needle in the further rounds of dissociation.

7. At the end all volumes are pooled adding up to a total of 24 mL. medium containing
the c*& pted tissue.

8. i contents of the tube through a 40 pm nylon mesh into a new 50mL tube to
filter emaining bigger tissue pieces. Wash the mesh with another 5 mL of

9. Centrifuge the cells at 700g, 5 min, at 4 °C.
10. RessRend the cells in 1 mL of primary astroglia culture medium. Prepare as many

T25fasks as many mice were sacrificed: 1 mouse/T25 flask. Seed cells to the flask(s)
in @ edium each.

11.On gently wash glial cells twice with PBS and refresh medium. By this time
mall islands of cells are attached (see Figure 2). On Day 3 wash cells firmly 4-5

M PBS and add fresh medium. Repeat this every 2-3 days until confluency,
whaehmsgeached within 6-10 days (Figure 2).
12. Ut e cells in the construction of the BBB model described in Support protocol

<
[*Insert Figure 2 fear here]

Protocol for primary mouse brain EC isolation
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13. Autoclave pieces of filter/chromatography paper for the removal of the meninges step.

Mll be placed into a sterile big Petri dish later. Alternatively, the

ch raphy paper can be sterilized in aluminum foil and the foil can be rolled
ba one side of the paper when needed.

14. A JEe&¥@¥ & or sterile filter bi-distilled water in a glass bottle.

15. Stetil e equipment for dissection with heat (160°C, for 3 h, metal and glassware).
St@tra aluminum foil to be able to wrap the Styrofoam dissecting pad.

16. Pre 0 mL of 70 % ethanol (EtOH, v/v %) with sterile distilled water.

17. Prgpag€ the stock solutions that should be kept at -20 °C: enzymes, collagen type 1V,
heparin, hbFGF, 20 % BSA-DMEM/F12 solution (for this see Reagents and Solutions

section).

18. Coa culture dishes before isolation with collagen type IV (steps 18-23). No
codting needed for astroglia cells. For mouse brain EC, prepare one 6-well plate
(Corai or 13 mice. (surface of 6 wells is ~60 cm?/13 mice, ~ 4.5 cm?*/mouse).

18.0 plate should be coated with collagen type IV (stock: 1 mg/mL; final cc.

in sterile distilled water).

19. Prep ly the necessary amount; 1 mL of coating solution is enough for one 6-well

20. Put the solution into a dish, cover the whole surface and pipet up & down minimum

5 Iﬁes (avoid bubbles!). When ready, transfer the solution to the next well, a thin

fluidglayer of the matrix will cover the bottom of the dishes/plates. Discard the
leting solution in the end.

21. Pu ishes/plates for drying either into the CO; incubator until the isolation of the
m1§:;:;:1 fragments is finished or dry it on the bench beforehand (airflow or under
Wr 30 min). The surface should be dry when the cells are put on it.

22. Ampare coating and coating solutions freshly. Do not store the coated

di
23. Start

s or the diluted coating mixture.

olation with deeply anesthetizing mice with isoflurane according to local

handling regulations and protocols. Remove brains using the same technique
as during the astroglia isolation, collect them to PBS on ice.

24. Place the sterile chromatography paper into a large sterile dish. Take off the meninges

by spreading one hemisphere on the paper by gently rolling. Also remove the white
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matter and choroid plexus. Put the tissue pieces in the other dish on ice that contains
2 mL DMEM/F12.
H Here only one brain should be removed from the PBS at a time to
avoid drying out the tissue. Separate the two hemispheres and lay
Q down the brain with the gray matter facing the filter paper. Handle the
B D fissue very gently. Small pieces of meninges can be removed also by
pinching them off of the surface of the brain.
25. Wm‘y with all brains, cut the tissue in the 2 mL DMEM/F12 into very small
pie scalpels. Transfer the tissue to a 50 mL tube.
The tissue is cut small enough when it can be transferred using a 1 mL
regular pipette tip. Additional volume of medium can be added to help
the transfer of the tissue pieces.

26. Stﬁrst enzymatic digestion step by adding a total of 13.5 mL DMEM/FI12 to

thagminced tissue along with 1.5 mL Collagenase 2 solution (final conc. 1 mg/mL)
and 400 ul DNase 1. Dissociate the tissue pieces in the solution by pipetting 50 times
upn with a 10 mL serological pipette. Incubate at 37 °C for 55 mins.

When pipetting take care not to leave big tissue pieces in the solution.
During the enzymatic digestion step put the tube on a horizontal
shaker or a rocker to move around the liquid completely in the tube to
be able to ensure good mixing for optimal enzyme activity. DNase I is

important to avoid clumping of the tissue during digestion. At the end

of the incubation the homogenate will look more “creamy”, like “milk

coffee”.
27. W igestion is ready, add 10 mL DMEM/F12 to the mixture and centrifuge at
1 for 8 min.

All centrifugation steps need to be performed at 4 °C, in a swing-out

thior M

rotor centrifuge.

28. Aspi e supernatant with a pipette and add 12 mL 20 % BSA-DMEM/F12

U

solutj the cell pellet. Mix very thoroughly with the 10 mL serological pipette, 25
/down. Centrifuge this mixture at 1000 g for 20 min.

A

When the centrifugation is finished, the reddish cell pellet containing
the microvessels should be the at the bottom of the tube. Above it the

gradient solution and on top the myelin rich layer.
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29. Gently rotate the tube to detach the myelin layer from the wall of the tube. Aspirate
the myelin rich layer (containing neurons, glia) at the top and the BSA solution and
another tube. Collect the microvessels in a clean separate tube by

su them in 1 mL DMEM/F12 and washing out the tube with another 1 mL of
Dmlace this tube on ice during the next centrifugation steps. Close the tube

RoftaimAe the myelin and the BSA solution tightly and shake it vigorously 20 times,

cendi it as before, and collect the microvessels at the bottom again. Repeat this
stml of 3 times. After the 3™ repetition the myelin rich layer and the BSA
sol an be discarded.

30. St e Becond enzymatic digestion with the isolated microvessels. When the 3
fractions from the three gradient centrifugations are pooled in one tube, it will contain
6 mL of medium. For the second digestion add an additional 3 mL of DMEM/F12
(tot

US

M/F12 volume: 9 mL) along with 1 mL Collagenase/Dispase solution
(fiRal conc. 1 mg/mL) and 400 pl DNase I. Mix the solution with a 10 mL serological

FE

pip ubate at 37 °C for 35 mins.

During the enzymatic digestion step put the tube on a horizontal

d

shaker or rocker to agitate the liquid completely to ensure the mixture
of the enzyme. At the end of the incubation the solution will be hazy
from the cells and look like a raspberry drink.

M

31. When the second digestion step is ready, add 10 mL DMEM/F12 to the mixture and
cefifrifuge at 700 g for 6 min.

32. R washing step using 15 mL DMEM/F12, 700 g, 8 min and the cells are
reag pFate.

iogh
33.Ta e final pellet in a total of 3 mL primary EC medium containing an extra
DS or FBS and 4 ng/mL puromycin and seed the cells to the pre-coated 6-well

Mre 1.5 mL medium into the wells and add 500-500 pl of cell suspension in

9

Puromycin eliminates all cell types not expressing the P-glycoprotein

eaj
< efflux pump and ensures that only brain endothelial cells grow in the

culture. On rare occasions, if at the dissection step the choroid plexus
was not removed properly, epithelial cells from the choroid plexus can

contaminate the culture. The presence of some of the myelin rich
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fragments is normal during the isolation and does not disturb the
growth nor the purity of the isolate.

34. Mfter isolation wash the cells 3 times with PBS and give cells fresh medium
co puromycin. The next day (Day 3 after isolation) wash the cultures 4-5
tir&S and give cells primary EC medium not containing puromycin. Figure
B SHeWSSbhase contrast pictures taken at different days of the culture process
de ing the growth of the primary cells.

i. If cells grow slowly the days of culture can be prolonged one extra day
either in the with puromycin or without puromycin phase. Cultures
have to reach confluence in 5 days maximum. Never use puromycin
treatment in the co-cultures, since it will kill all P-glycoprotein non-
expressing cells, including astrocytes.

35. Wh
uséd to assemble the BBB model.

reach 95 % confluence normally on Day 4 (Figure 3), they are ready to be

USCI

36. Utilizethese cells in the construction of the BBB co-culture model described in

Supgpo ﬁ ptocol 1.

[*Insert Fig ear here]

~

Support protocol 1. Assembly of the BBB co-culture model

In this sd@pport protocol, the establishment of the co-culture BBB model is described

consistinbarrier forming primary mouse brain ECs and primary mouse astroglia

g

cultures. (§l ells are cultured on the bottom of 24-well plates for at least 2 weeks to ensure
proper secLgti f BBB inducing factors. ECs are passaged to the top of Transwell inserts
and ar itored for barrier integrity properties by transendothelial electrical resistance

(TEERWent. Hydrocortisone is added to the culture to strengthen interendothelial

junctions jhance barrier integrity.

Materials:

ECs: cultures are ready 4 days after isolation (See Basic protocol 1).
- Primary aStroglia: cultures are ready at passage #1, 2-weeks after passage; ~3 weeks

after isolation
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- EVOM-2 Volt/Ohm, transendothelial electrical resistance (TEER) Meter with
ENDOHM-6G cell culture cup chamber-type electrode (World Precision Instruments)
- winserts 3 um pore size, polycarbonate membrane, 0.33 cm? surface, with

24 tes (Corning, 3415)
- T&A solution (0.05% with EDTA)
- W y@Fsesisone (powder, Sigma, H4001, 1 mg/mL stock in ethanol)
- C e IV. (Sigma, 1 mg/mL stock)

- Fim solution (Sigma, 1 mg/mL stock)
- Ste tilled water

- lebuffered saline solution (PBS)

- Neubauer or Biirker chamber for cell counting
- Primary bfain EC culture medium

- Prﬂ&troglia culture medium
1. Forthe timing of astroglia isolation, see Figure 1. Glial cells reach confluency after
on @ on average in culture in a T25 flask. Passage glial cells to the bottom of

e IV coated wells in 24-well, plates. To coat the plate, prepare 100 pg/mL

colla Ox dilution) in sterile distilled water and suspend coating solution up and
-5_times/well. Remove excess coating solution from the wells and dry the
plates under laminar flow or UV light for 20 mins.
uhe amount of 24-well plates needed is decided by the user, but from one T25
sk a maximum of four 24-well plates can be prepared. Passaging glial cells
higher ratio increases growth time. The use of UV light during coating
s to cross-bind collagen fibers in the coating solution to each other and to
surface of the multiwell plate.
2. W cells in the 24-well plate for up to two months. Cells are kept in DMEM
contamune a lower amount of glucose (1 g/L) than the medium for ECs.

sage glial cells at least 2 weeks before the experiment. This step gives

ugh time for glial cells to grow and secrete appropriate factors to induce
BB properties when co-cultured with ECs.
3. Isolate primary brain ECs and culture them according to the protocol. Cells reach

confluency in about 4-5 days. Prepare Transwell inserts for ECs by coating them with
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8:1:1 ratio of sterile distilled water : collagen type IV : fibronectin (100 pg/mL
concentration each). Dry inserts under laminar flow or UV light for 20 mins.

4. Mswell inserts into the 24-well plate. Change the astroglia medium in the
bo partment to 900 pL of primary brain EC medium. Passage ECs to the top
KL

EDPAEAd incubating cells gently for 60-90 seconds on 37 °C. Observe cell

inserts by washing the monolayers once with PBS, then adding Trypsin-

de t by phase contrast microscopy. Gently collect trypsinized cells, pellet ECs

by@gation (5 min, 400 g, 4 °C) and suspend them up in full medium to count in

a er/Buerker chamber. Place 25,000 cells / Transwell insert in 200 pL of

pri biain EC medium to the top compartment (Figure 4).

S

s a rule of thumb, counting should be performed so that about 100,000 cells
ar@ suspended in 100 ul of culture medium. At this point cells tend to
regate into small clusters containing no more than 10-15 cells. This is

normal and should not be suspended to single-cell stage due to the damaging

18

ct of mechanical dissociation.

n dium from both compartments after 48 hours. Supplement the full medium

(0.2 pg/mL) hydrocortisone.
ition of hydrocortisone to confluent monolayers on inserts inhibits

ifferentiation and increases junctional tightness and BBB properties.

Vi

[*Insert Figure 4 near here]

6. Me&asure TEER after 72 hours. Fill the chamber electrode set with 70 % Ethanol-

[

distidedmwater mix for 20 min, remove ethanol, wash the chamber once with medium

an @ 1.5 mL culture medium into it. Put inserts one-by-one into the chamber,
me d register TEER.
7. A hours of co-culture (48 h hydrocortisone) the system is ready to use to test

ion across the brain EC monolayers. Optimally by this time TEER should

{

erage at least 100 Q x cm®.

J

R is calculated from its raw value minus the background, multiplied by the

uce of the culture insert (for 24-well format it is 0.33 cm’).

A

Basic protocol 2."Isolation of primary mouse bone marrow derived dendritic cells

Primary mouse bone marrow derived dendritic cells (DCs) are most frequently isolated from

the marrow of the femur, tibia or both. From several methods available in the literature here
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we describe the details of primary DC isolation from mouse femur (Karman et al., 2004;
Clarkson et al., 2015) with a culture medium containing granulocyte-macrophage stimulating
factor (W With our isolation method up to 70 % of CD11c+ yield is possible. The
following mscribes the isolation procedure along with the explanation of how to

clean the ain the bone marrow. We also focus on the composition of the special

primar {# D@SF@um (cRPMI medium) and the culture method using different cell culture

treated su elevate purity. In the support protocol a short flow cytometry summary is
given hom+ cells are identified in the culture. Using this isolation protocol immature,
DCs are gaif¥@@ which are able to take up antigens effectively and thus are suitable to model

bacterial iw
Materials: s

- Do ice: one adult, 2-6 months old C57BL/6 wild type or CD11c-eYFP (B6.Cg-
ngt:ax—Venus)anz/J), male or female (The Jackson Laboratory, cat. no. 000664 &
008 pectively)

- Ismnesthetic

- = ol prepared from 100 % absolute ethanol (EtOH)

- RP cell culture medium (Corning Cellgro, cat.no. 10-040-CV)

granulocyte-macrophage colony stimulating factor, Peprotech, 315-03)
- FBS (Corning Cellgro, 35-010-CV)
- A% (Ammonium-Chloride-Potassium) lysing buffer (Thermo Fisher Scientific)

- Bluggabgorbent pad for surgical surfaces
- St @ pad

- Sten e

- t, issecting instruments: forceps, scissors, scalpels, blades, lancets

- W syringes (Braun)

- 23 e (BD or any sterile brand, 1.25”/32mm)
- 6- issue culture plates

- 60 culture dishes

bacteriological petri dishes (Corning, 351029) and tissue culture treated
dishes ( ing)
- 50-mL conical centrifuge tubes (e.g. BD Falcon)

- Cell strainers (40 um, Corning, Falcon, cat.no. 352340)
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Refrigerated centrifuge (Eppendorf 5810R)

cRPMI dendritic cell culture medium components:

MSOmL)

1% (Corning, final concentration: 10 mM)

1 mStreptomycin (Corning, 30-001-CL)
HoEEVAX (Life Technologies, cat.no. 35050061)
19 vate (Corning, 25-000-CL)

I‘V@ential amino acids (Corning, 25-025-CL),

1% 1al amino acids (Corning, 25-030-CL)

O.WGrkaptoethanol (Sigma, M6250-10ML, prepared as a stock using 13.5 mL
RPMI medium + 100 ul 2/ME stock, prepare this solution freshly every month)

Isolation of primary mouse bone marrow derived dendritic cells
1. M RPMI 1640 cell culture medium with 10 % FBS.

2.

SC

Fill er with 70 % EtOH to keep the sterile dissecting instruments except the
epare the surgical surface with the absorbent pad.

tyrofoam box, fill with ice and place four 60 mm cell culture dishes on top.

dishes with 4 mL RPMI, one with 2 mL RPMI and one with 70 %EtOH /

Fil

For two femurs 8 dishes are needed, 6 with RPMI, 2 with EtOH.

Euthanize mice according to your institutions protocol, check anesthesia effectiveness

withgashand toe pinch.
Re @ e femur by cutting in the middle of the joint with a lancet between the
B

fe tibia at the knee precisely.
removing the muscles around the hip joint and moving the femur in a

Hular way very gently the bone will be released from the joint.
Pﬁurs into the first Petri dish containing RPMI medium. Soak gauze in 70 %

Et
plac one in 70 % EtOH containing Petri dish for exactly 2 min, then transfer the
another dish containing RPMI medium.

eeping to the 2 min time in the EtOH is key, since in this way the outside of

try to remove as much leftover muscle from the bone as possible. Then

the bone gets clean enough but EtOH still does not harm the tissue itself.
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7. Cut off the two ends of the bone (epiphysis) careful not to break the bone. When
successful, only the round cross-section of the bone should be visible (diaphysis).

8. ML syringe with RPMI medium, attach the needle and push the needle
insg bone cavity containing the reddish bone marrow. With a firm push, flush
0:&»/ into a dish containing 2 mL RPMI medium. Small pieces of red tissue
i MF@Siblc in the dish. This step can be repeated 2-3 times if needed.

9. W one marrow from both femurs is collected, dissociate the tissue pieces in

thm-n by suspending them up and down using the syringe with needle. Pool the
a to one 50 mL centrifuge tube and spin it down for 5 min at 300 g, 4 °C.

m
10. DiScagd the supernatant, and suspend the cells in 1 mL ACK lysing buffer for exactly

i
1 min to lyse red blood cells. Add 20mL 10 % FBS-RPMI mix to stop this reaction.
T ; method helps to eliminate contaminating red blood cells from the pellet.

1. Cenéf' again (5 min, 300 g, 4 °C), and resuspend the pellet in culture medium
(cRPMI).

12. Co with the cell counter. Plate 7-10 x 10° cells per 100 mm low-attachment
(“wgical”) Petri dish in 10mL ¢cRPMI medium.

Cell culture
13.

andling of dendritic cells
first 6 days in culture in the low attachment plate, supplement the cRPMI
medium with 1000 x dilution from the GM-CSF stock (stock: 20 pg/mL, used

comration: 20 ng/mL).

14. Medig@aneeds to be changed partially on the 3™ day (Figure 5A): carefully remove
haedium, spin it down, collect the pellet in 5 mL of fresh cRPMI containing
the L GM-CSF and place the cells back to the dish.

15. ﬁ(‘lay, passage cells by gently swirling the dish to detach the semi-adherent
Wemove the media so as to take only the semi and non-adherent cells and put

in L centrifuge tube. Centrifuge them at 300 g, 5 min, 4 °C. Take up the

pemPMI containing 10 ng/mL. GM-CSF and plate the cells in 1:1 ratio to a

new m Petri dish with cell culture treated surface.

This step helps to purify the culture by eliminating attached cells, which are
mostly macrophage precursors. For experiments only the floating cell

population is used.

16. Cells are ready to be used on day 8.
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[*Insert Figure 5 near here]

Support mﬂow cytometry analysis to validate the purity of the DC culture

Utilize t protocol after completing steps 15 and 16 from basic protocol 2.
Validaffor™ & @ purity of the DC culture is crucial, especially at the beginning of the
experime smization. Usually when cells are ready to be used (day 8), part of the
populatio@ved for flow cytometry test. Later during the experiments this step does not

need to be rmed every time, cellular purity and the presence of the CD11c reporter

eYFP pro%ae observed using fluorescent or confocal microscopy.

Materials:
- 3% rmaldehyde solution (diluted with PBS from 32 % solution, Electron

M1groscopy Sciences)

- PB
- 3%b serum albumin (BSA)-PBS solution

- ical centrifuge tubes (e.g. BD Falcon)

1. ired number of cells in an Eppendorf or 15 mL centrifuge tube and spin
them down for 5 min, at 300 g, 4 °C.
2. u the pellet in 3 % paraformaldehyde solution and fix the cells for 15 min at

roo -' " erature Then spin down cells again for 5 min, at 300 g, 4 °C.

3. the pellet in 1 mL 3 % bovine serum albumin (BSA)-PBS solution

4. alysis prepare the unstained cell population and another eYFP tube for
ﬁ mpensation.

5. 1th appropriate flow cytometry protocol and analyze data with FlowJo.
(F

v

mg the analysis of the flow cytometry data cells need to be plotted forward
ter vs. side scatter to see the distribution of the cell population (Figure 5B,
eft plot). After gating for lymphocytes, additional gating for doublets and
ility stain can be performed (not shown here). Purity of the DC culture
was evaluated by gating for the CD11c-eYFP positive cells (Figure 5B, right

plot).
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Basic protocol 3. Isolation of primary mouse peripheral blood mononuclear cells (PBMCs)

In vitro“ isolated PBMC:s is crucial during immunological research in the study of

the intera phagocytic and antigen presenting cell types and adaptive immune cell
mer et al., 2016). Here we detail a well-known Ficoll Paque PLUS

interactio
based S /@i€AM™Separation protocol which yields the separation of T-cells, B-cells and
monocyte hole blood obtained from mice. The difficulty in the protocol is the low
blood-amm is compensated for by the use of high volume of base buffer. The yield of
PBMC:s is ecreased by the two extra centrifugation steps which aim to remove the
excessive fliu of platelets in the culture. We also detail the isolation of CD4+ T-cells

from the isolated lymphocytes using the standard positive selection Miltenyi isolation kit. For

the Mtb/BCG experiments, P25 T-cell receptor transgenic mice are used which contain CD4+

LES

cells expre

restricted t© the MHC class II allele H-2-1Ab.

transgenic T-cell antigen receptor recognizing Mtb’s Ag85b240.254 epitope

rE.

Material

d

Tg transgenic mice (P25Ktk/JC57BL/6-Tg(TcraTcrb)Ktk/J, The Jackson
Labo , cat. no. 011005)

nesthetic

- 10 mL PBS with 20 U/mL heparin (Sigma Aldrich)
- Fiégll Paque PLUS solution (GE Healthcare)

- 10 mdmsyaringe with 20 G, 1.5” needle

{0

I

6

- 2 PBS with 2% FBS (Corning Cellgro, 35-010-CV)
- Ce medium (used during experimental setup for Basic Protocol 4 and 5.)
- Bl rbent pad for surgical surfaces

pad

E

- St ecting instruments: forceps, scissors, needles
1 d centrifuge (Eppendorf 5810R)

bleach (diluted to 10 % with distilled water)

onical centrifuge tubes (e.g. BD Falcon)

- Neubauer or Biirker chamber for cell counting

Protocol:
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1. Deeply anesthetize mice according to approved protocol, check anesthesia
effectiveness with tail and toe pinch.

2. Mood collection using approved protocols into the 10 mL PBS-heparin
SO eep at room temperature and shake it gently so the collected blood mixes in
L

N Epebarin in the buffer stops blood coagulation. The larger buffer volume helps

ilute blood if being collected from multiple animals and promotes the

mration on the gradient.
3. Esti uffer volume containing the blood. For 3 mice the volume will be around

12 whien collected into the 10mL PBS-heparin. Blood : Ficoll ratio should be

S

approx. 2 : 1, therefore for 12 mL blood, 6 mL Ficoll solution is used.

4. Pipet the JFicoll solution to the bottom of the 50 mL centrifuge tube then layer the

Ll

bloo p with a serological pipette very slowly and carefully so the gradient does

nofymix with the buffer containing the blood.

q:

5. Centu for 30 min, 740 g, 20 °C, acceleration 5, deceleration 0, without break. At
thallen! gradient should be visible with red pellet on the bottom and a hazy layer

d

the cells of interest in the middle (Figure 6).
n using any kind of gradient centrifugation, it is crucial to switch off the

e of the centrifuge. If brake is applied, gradient might swirl up when

M

stopping and the cell separation can be disturbed.

6. Catgfully remove and discard the top compartment containing the plasma and

g

plat ith a serological pipette. Be careful not to disturb the lymphocyte layer.
7. P
10 % FBS-PBS solution. When finished, fill this tube up to 25 mL. Discard the

9]

collected directly from the gradient with the 10 mL syringe and needle to

I the gradient using 10 % bleach.

important to pull the plunger of the syringe very slowly when collecting

th

cells with the needle. If sucked up too fast, cells can be damaged when

U

ring and exiting the needle resulting in cell number decrease.

[*Inse 6 near here]

A

8. Spin down this 25 mL buffer with cells to remove platelet contamination: 10 min,

120 g, 20 °C, acceleration 5, deceleration 0 (brake off). Remove the top 20 mL of the
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supernate with serological pipette. Resuspend the remaining 5 mL with serological
pipette and fill it up again to 20 mL with 2 % FBS-PBS for another round of

ion at 10 min, 120 g, 20°C, acceleration 5, deceleration 0 (brake off).

m isolation protocols often neglect the importance of the variability in

latelet content. Besides the upper layer of the gradient, the buffy coat

{

B s contains millions of platelets which need to be decreased by these two

a centrifugation steps.
9. Af@econd low speed centrifugation, remove the top 20 mL of the supernate
agat serological pipette, then again 5 mL remains in the tube. Mix up the pellet

and fillupithe tube with 2% FBS-PBS to 15 mL. Collect the cells with centrifugation:

S

600 g, 5 min, 4 °C, acceleration 9, deceleration 9, brake can be used.

10. The collgeted cells should be taken up in the appropriate medium used for

LE

exp s. Cells are counted and used according to the protocol of the experiment.

o  Omgverage 1 million cells / animal is the yield. Blood derived from male mice yield

EE_

up illion cells / animal, females up to 0.8 million cells / animal. Pooling blood

animals at the beginning elevates the yield / animal.

5

e two extra steps for platelet removal the sample can be centrifuged (600 g,

5 min, acceleration 9, deceleration 9, brake on) and the cell number can be

vl

the cell number is low, the second low speed centrifugation can be

skipped.

- gy

save all discarded supernates during the procedure until the end in case

th Il loss at any of the steps. At the end these tubes can be discarded if the

s
@

mal.

[ ]
S

Paque PLUS solution should be kept at room temperature. The PBMC

gradient after the first centrifugation is much more clear if the solution is

t

o 5 hrocyte contamination among the PBMCs is normal. Also the presence of

U

pl t the end is still normal, although their number should be minimalized by
the ing steps. More tips and tricks for appropriate erythrocyte and platelet

nation  assessment  and  cell  counting can be  found at

A

https://www.nexcelom.com/applications/cellometer/blood-based-samples/peripheral-

blood-mononuclear-cells-pbmc/.

This article is protected by copyright. All rights reserved.



Support protocol 3a. Purification of CD4+ T-cells from primary mouse PBMCs
Utilize this support protocol after completing step 9 from basic protocol 3. The following
descripMed on the Miltenyi Biotec company’s mouse CD4+ T-cell isolation kit

(catalog nm-104-454). This separation allows the purification of up to 10° cells by

the deplet cell types targeted by a biotin-conjugated antibody cocktail. These cells
are thef nf@@Reteally labeled with anti-biotin microbeads and separated on a magnetic field
separator,ue unlabeled desired cell population flows through the column. This kit is
appropriamwer cell numbers such as PBMCs from mouse blood. If higher yield is

needed, C lIs can be also separated from the spleen cell suspension of P25 transgenic

animals (fwon see support protocol).

Materials

- Mo 4+ T-cell isolation kit (Miltenyi Biotec, catalog number: 130-104-454),
coffaining antibody cocktail against many cell types but CD4+ T-cells; anti-biotin

mic for magnetic labeling
- Mm column (Miltenyi Biotec)
idi Separator with MultiStand (Miltenyi Biotec)
- Ce tion buffer: sterile PBS with 0.5 % BSA, 2 mM EDTA

- 15 mL conical centrifuge tubes (BD Falcon)

- Tli needle (20-21G)

Cell label‘ @ :
1. Iso Cs according to the first part of the protocol and count them. From this
ﬁtgn k::p cells on ice or at 4 °C during the procedure.
2. W needed amount of cells in an Eppendorf tube (max 10’ / isolation) in cell
se oms buffer and pellet them by centrifugation at 700 g for 5 min (4°C if

po
ning down in an Eppendorf tube is the easiest to reach exact volumes for
<hénext step.
3. Take up thie pellet in exactly 40 uL cell separation buffer and add the 10 pL biotin-Ab
cocktail to this suspension. Mix it well, but do not vortex the sample and incubate it

for 5 min at 4 °C.
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4. After this incubation add 30 pL of cell separation buffer to the current 50 uLL volume
then add 20 uL of anti-biotin microbeads. Mix this well, but do not vortex and

Mr 10 min at 4 °C.

5. Ng at least 400 pL cell separation buffer to the mixture, but no more than
90&
Beyaratiomstep.
6. PI LS-column in the MidiMACS magnetic field separator. When inserted
chmrientation of the column: wings need to face the front. Attach a 20 G thick
e

ne

volume should not exceed 1 mL. Cells are then ready for the column

he end of the column to slow down the dripping.

7. Prgpag€ the column by rinsing with 3mL cell separation buffer. Put a 15 mL

S

centrifuge tube under the column to be able to collect washing buffer. Do not let the

column tgidry out.

.

8. Afte washing buffer has stopped dripping, replace the 15 mL centrifuge tube
under the column with a new one. Apply the labeled cell suspension to the column
(5
thallen CD4+ cells.

A

ul), collect the liquid which goes through the column which will contain

3!

olumn two times with 3 mL cell separation buffer into the same 15 mL
tube. end CD4+ cells will be in a total of 7 mL buffer. Spin down cells at 700 g,

°C. Count the cells and use them for the experiment.

i

10. Additional step:
It Srecommended, that the quality of the cells derived from the column is checked

oc@y. Also positively selected cells can be collected by removing the LS

co m the magnetic separator, adding SmL buffer to it and flushing out the
no cells with the plunger into another 15 mL centrifuge tube. Spin down cells
t min, 4 °C and take them up in the appropriate buffer for analysis (see

Wtocol 3a).

Support m 3b. Flow cytometry analysis to validate the purity of the isolated CD4+ T-
cells

Utilize port protocol after completing step 9 from support protocol 3a. Validating of
the purity of the CD4+ T-cell isolate is important at the beginning of the experiment to be
able to determine the quality of our isolate. This step is not crucial to be performed every

time.
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Materials:

Mrmaldehyde solution (diluted with PBS from 32 % solution, Electron

Mi Sciences)

3 ‘m solution

GHesEEaEBility dye UV450 (Tonbo Biosciences)

A antibody (PE labeled, BD Pharmingen, 553048)

Pm
96- -bottom plates

15 coflical centrifuge tubes (e.g. BD Falcon)

>

Refrigerated centrifuge (Eppendorf 5810R) with multiwell plate-rotor
UltraComip eBeads Compensation Beads (Thermo Fisher)

L

&

CIM Amine Reactive Compensation Bead Kit (Thermo Fisher)

. Afterthe gell isolation, take up the cells in 3 % BSA-PBS buffer and put the desired

nu “a ells into wells of the 96-well U-bottom plate (at least 10° cells / well). One

a

tay unstained, one well receives only viability dye, one only CD4+ stain
an ill be stained with all markers. Therefore, a total of 4 wells are needed at

down the plate for 5 min, at 400 g, 4 °C.

M

. Aspirate the buffer and take up the cells in PBS or appropriate staining buffer. Cells

which do not receive the Ghost viability dye receive only PBS. Ghost dye is used

g

accQigiiaig to the manufacturer’s protocol and added to the wells in 50 pl volume.

In af 4 °C for 10 min.

I’

. Ad 4+ PE conjugated antibody (100 x) in 3 % BSA-PBS solution to the wells

1]). Unstained and viability stain only cells receive 3 % BSA-PBS buffer.
4 °C for 30 min.

of the 30 min add 100 pl 3 % BSA-PBS to the wells and spin down the
in, at 400 g, 4 °C.

t

= >

he supernate and fix cells by suspending them in 100 pl of 3 %

aldehyde-PBS solution for 15 min at room temperature. Then spin down

cells agaitt for 5 min, at 700 g, 4 °C.
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6. Aspirate the supernate and suspend the pellet in 200 pl 3 % BSA-PBS buffer, filter
the cells into FACS running tubes through 40 um nylon mesh to create a single cell

M. Add another 300 pl of buffer into each tube.
7. Fmsis prepare the unstained beads, Ghost beads and CD4+ PE antibody

la for proper compensation according to the manufacturer’s protocol.

WA (7SI th flow cytometry (Figure 7).
n analyzing the flow cytometry data cells need to be plotted forward

@ter vs. side scatter to see the distribution of the PBMCs (Figure 7, left

ot). The very small population in the bottom left corner can be platelets or

ther debris. To gate them out, we select for the PBMCs by gating to the more

>

wstinct cell population, then we gate for single cells (Figure 7, middle plot).
Pugity of the CD4+ isolated cells is identified by plotting living cells vs. CD4+

8

s, where we showed 85% CD4+ staining positivity (Figure 7, right plot).

A

[*

ure 8]

ad

Suppo 3c. Spleen cell isolation

million PBMCs about 2 x 10° CD4+ T-cells are gained. If this cell amount

Generally,
for ce ents is not enough, CD4+ T-cells can also be isolated from the spleen. In
this case the cellular yield is much higher — about 10° cells / spleen from which about 20 %

are CD4+I-cells. In this support protocol we present a quick method to isolate primary

i

spleen cell

Materials:
- gﬂgi: ;;nical centrifuge tubes

- W strainer (Millipore)

- BI bent pad for surgical surfaces
- St pad

ecting instruments: forceps, scissors, needles

rated centrifuge (Eppendorf 5810R)

O

- 60 mm cell culture dish (Corning)
- Base RPMI medium (Corning)
- ACK (Ammonium-Chloride-Potassium) lysing buffer (Thermo Fisher Scientific)
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- FBS (Corning Cellgro, 35-010-CV)

l. Msthetize mice with approved protocol, check anesthesia effectiveness with

tai pinch.
2. R leen and place it in RPMI medium in a 60 mm dish on ice. Cut it into

B0 MEE€cs. Put the 40 um cell strainer to the mouth of a 50 mL centrifuge tube and

traj small spleen pieces to the strainer.

3. Rme plunger of a 3 mL syringe and with the rubber-end grind the tissue

thro e mesh. Always wash the mesh, so cells can drip down to the bottom of the

tu

S

4. Collect the cells with centrifugation with 300 g, 4 °C, 7 min. Discard the supernatant.
5. Add 1 mIBACK buffer to lyse red blood cells to the pellet, shake it gently for 1 min,
then di with 20 mL of 10 % FBS-RPMIL.

5

6. Cetitrifuge with 300 g, 4 °C, 7 min. Remove supernatant to another tube, resuspend

q

the in 3-4 mL of medium, and wait until the big clumps settle.

7. Trans e top of the cell suspension without the clumps to another 50 mL tube,

a

ount cells and use for CD4+ isolation and the experiment.

Basic Handling of bacteria: culture, in vivo and in vitro infections

The Mycobacterium bovis bacillus Calmette-Guérin (BCG) Pasteur strain was provided to
our lab bs Dr. Glen Fennelly (Albert Einstein College, Bronx, NY). Mtb H37Rv was
purchased figm, ATCC (strain ATCC 27294/H37Rv). Both BCG and Mtb strains were
electropoh E2-Crimson (pTEC19) plasmids which were generated by Dr. Lalita
Ramakris dgene plasmid #30178, Cambridge, MA, USA). It is important to mention
that Mt t be handled in specific biosafety level 3 laboratories equipped with an
appropWiological biosafety cabinet and personal protective equipment. Protocols
need to bﬁhed for each laboratory and according to institutional and NIH guidelines.

Only pla umables, sealable containers are being used while the sterilization of

surfaces wit

level 2

phene Ilse and bleach are crucial. BCG cultures are kept under biosafety
ns. These bacteria also need to be handled under the biosafety cabinet and all
equipment and [1quids getting in contact with the bacteria need to be decontaminated with
10 % household bleach. Working with mycobacteria is not difficult, but one needs to be

cognizant about their growth time in shaking cultures (4-5 days starting from optical density
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(OD)=0.2) or on agar plates (first colonies appear after 2.5-3 weeks). Here we detail the
general mycobacterial culture procedures for in vivo and in vitro infections; however, the in-

depth ng BSL3 and BSL2 work is not detailed.

MaterialsQ

-  BpEeE™Edntained environment for BSL2 and BSL3 animal infections and sample
ha

- Styffins offbacteria:
cobacterium bovis bacillus Calmette-Guérin (BCG) electroporated with E2-

son (pTEC19) plasmid

LS

o cobacterium tuberculosis (Mtb H37Rv) electroporated with E2-Crimson
(pBEC19) plasmid
- Do ice: adult, 2-6 months old C57BL/6 wild type, male or female (The Jackson
La@pratory, cat. no. 000664)

[

- Inc haker for sterile flasks (New Brunswick Scientific C24 incubator)

- Bagte Iture medium (see Reagents and Solutions)

S

tometer to measure cell density based on OD (WPA Biowave CO8000
meter; 80-3000-45)

cuvettes for OD measurement (BioExpress)
- 10 % household bleach
- Iniiin sginge and needle (1 mL syringe with 25G x5/8”)

- Ultr Homogenizer (Biologics, Inc. Model 300 V/T)
- Lment 48-well flat bottom plate (Corning)

- Ep tubes (1.5 ml)

- Ri:'::rat;d centrifuge (Eppendorf 5810R)

- WMI medium without antibiotics

0
- B i Iture medium (see Reagents and Solutions)

10 agar plates (see Reagents and Solutions)

Pr
- Medi eeded for the assembly of the model (“Running medium without
ics”, see Reagents and Solutions)
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1. Thaw one vial of bacteria from the —80 °C stock. Bacterial strains are frozen in simple
bacterial culture medium at OD=1. Special freezing medium or cryoprotection is not
acteria are frozen at this density.
ur case bacteria were transfected by a plasmid containing E2-Crimson
Qv. To keep up and select out this phenotype, hygromycin B (100 ug/mlL)
B ENSadded to the base culture broth, which eliminates all bacteria not carrying
hresistance gene.

2. Gr@w BCW and Mtb strains at 37 °C in a shaking incubator. Check OD every day and
esta a growth protocol to be able to schedule experiments. When the culture
rewZI, in vivo or in vitro infections can be performed as detailed below.

In_our hand a frozen stock of OD=1 placed into 9 mL of bacterial growth
m;ium reach OD=1 in 4-5 days. Scaling down the final volume results in

d«:hing the desired OD faster. Do not let cultures overgrow since that
en

hances bacterial aggregation and results in false OD measurements.

bolic activity, virulence can affect experimental results.

@ides this physical quality, after leaving log growth phase a change in

In vivo infe
The ¢ col details the intraperitoneal infection of mice with BCG for liver
granuloma supernate isolation (see support protocol 4).

3. Takgghgil out of an OD=1 culture. 3.14 x 10’ bacteria should be present. Spin this

,000g, 5 min and discard the supernate.

4. cteria in 630 pl of PBS, which is enough for the infection of 3 animals (10’
animal).

do
Ta
acteri
Hction needs to be performed in a sterile microbiological hood under BSL2
ditions. Bacteria have to be contained all the time within the syringe.
jnge and needle should be disposed to a sharps container after proper
nfection with 10 % household bleach.
5. e bacteria at medium force for 30 seconds to break up clumps in the bacterial
culture. Iffject mice intraperitoneally (i.p.) with the bacteria (200 pl of PBS with

bacteria).
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6. Mice have to be kept for 3 weeks in a separate infection room to develop liver

granulomas. Animals can be sacrificed after this time to be able to isolate liver

M supernate.

In vitro i’Q

The cuffe#®PFdtdeo] details the infection process of isolated DCs in vitro.

3. Bm\/ltb strains are grown in a shaking incubator at 37 °C. Infection can be
per at OD=1.

W@re is a small deviation from the OD number above 1, sample can be
slightly diluted and adjusted.

4. Culture pkimary bone marrow derived DCs until day 8. For details see Basic
prot Collect DCs from the cell culture dish and spin them down at 300 g,
5 Min, 4 °C. Plate the appropriate number of DCs for the experiment, and add extra
we ninfected and infected cells for flow cytometry compensation and infection

C

0
5. 0 DCs / well in 500 ul 2 % FBS-RPMI without antibiotics and add BCG
or isin PBS in a 1:1 or 1:0.5 ratio, respectively.
the preparation of bacteria follow “In vivo infection” protocol’s 1-3.

Points. Take 1 mL of OD=1 bacterial suspension with 3.14 x10” bacteria, spin
s it down and take it up in ImL of PBS. Sonicate and add appropriate number of

I

gcteria to each well.
6. Af Q purs remove cells from the wells by suspending the medium and pool
ap sate number of wells needed for the experiment. Spin them down at 300 g for
E and take up cells in experimental medium (see Basic protocol 5.), in a

M,OOO DCs in 100 pl medium and use for experiments.

Support 3 4. Liver granuloma supernate isolation and determination of organ load
colony formi it (CFU)

Utilize tocol after step 6 of in vivo infections of basic protocol 4. The aim of the in
vivo infection is to induce BCG infection in healthy mice leading to the formation of
granulomas in the liver. By isolating and culturing these liver granulomas we can obtain the

cellular supernate, which contains important factors for our in vitro granuloma model. By

This article is protected by copyright. All rights reserved.



plating part of the liver tissue we can validate the success of our infection by counting the

CFU on agar plates.

T

Materials
- P

- BtfFIe@S8cction equipment as detailed above

- Tr iners for disinfectant, proper cleaning equipment

- M@en tissue grinder for bigger volumes and for smaller volumes
R ttom plastic tube for organ collection

- C
6

0
c‘!a’nae type II (C6885-100MQG)
0 mm Petri dish for organ storage

- RPMI celiculture medium (Corning)

- FBS ing)
- AGK (Ammonium-Chloride-Potassium) lysing buffer (Thermo Fisher Scientific)

- cRPMlLcell culture medium mix (for recipe see Basic Protocol 2.)
- Naubsa @ pr Buerker chamber for cell counting

15 m%

- 0.22 um low-bind syringe filter

well multiwell plate

50 mL centrifuge tubes

tubes (1.5 ml)

1. Waitgthtee weeks after the i.p. bacterial injection. Euthanize mice with approved
p @ perfuse with 20 mL PBS.

ing manual perfusion take care to slowly introduce the buffer to the body.
roans start to lose color during this perfusion. Always prepare containment,
Hmable tray and equipment for proper disinfection with 10 % bleach.
ction of the animal is instantly visible by the enlargement of the spleen

ipared to uninfected mice.
2. Ha e liver and measure the weight of the organ. Cut a 400 mg piece of liver
nd place it in a small plastic tube with 2 mL PBS on ice for colony forming

unit (CFU) bacterial load evaluation.
Parallel with this to confirm infection, a piece of organ can be fixed in 3 %

paraformaldehyde-PBS and transferred to 30 % sucrose-PBS solution for
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dehydration. Tissue can be frozen with the cryoembedding medium OCT and

sectioned with a cryotome and stained using immunohistochemistry.

Hcedure is not detailed here.
3. H ize the tissue in a cleaned, sterile, sealable tissue blender in 25 mL RPMI
rrm grind the tissue into small pieces. Repeat this step with another 20 mL
Bo @@ . Pour these to a 50 mL centrifuge tube and wait 2 minutes until the

a cell clusters (liver granulomas) settle and are separated from hepatic cells

bmize.

4. Di e top 30 mL of the supernate and refill the tube with 30 mL fresh medium.
Centgifuge this for 5 min, 450 g, 4 °C. Discard the supernate and add 2.4 mL
2.5 mg/mL collagenase type II to the mixture. Shake this for 40 min at 37 °C.

5. Deactivafe digestion with the addition of 25 mL of 2 % FBS-RPMI. Dissociate cells

Ll

m lly by moving up and down the cell suspension with a 10 ml syringe

254times. After this, wait 1 min for the bigger clumps to settle and transfer the

q

to a new 50 mL centrifuge tube. Centrifuge this for 5 min, 450 g, 4 °C.
6. Disc e supernate carefully. Add 2 mL ACK lysis buffer to remove erythrocytes

5

uspension, and wait 1 min while gently tapping the tube. Add 25 mL of
0 MI to stop the reaction and centrifuge again for 5 min, 450 g, 4 °C.
e supernate, take up the pellet in 2 % FBS-PBS. Prepare a new 50 mL tube,

v

and put the 40 um cell strainer to its mouth and pipette the cell suspension through

thi§ to remove remaining bigger cell clumps.

g

pgifieoe again for 5 min, 450 g, 4 °C and take up the pellet in 3 mL cRPMI

>
i

or recipe see Basic Protocol 2.). Count cells and plate them to a 96-well U-

te with 5 x 10° cells/well in 200 ul of 10 % FBS and RPML.

.

Here 50 ug/mL antibiotics are kept in the cell culture medium to eliminate

ntial extracellular bacteria. BCG is obligate intracellular pathogen and

{

ives inside the cells.

U

9. A ys in culture spin down the 96-well plate for 5 min, 300 g, 4 °C to pellet
cell ect supernatant into a 15 mL centrifuge tube, filter it with a 0.22 pm low-

ringe filter, aliquot it to Eppendorf tubes (1 mL/vial) and store them at -80 °C

A

until use.
If possible always collect liver tissue samples for CFU organ load

determination. Only those supernatants can be used later during the
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experiments, where appropriate infection rate of the animals was confirmed
both with immunohistochemistry showing liver granulomas and proven

Hmpriate infection level with liver CFU organ load (LogCFU/organ load >
optimal infection load; Harding JS, personal communication).

10. TOQCFU organ load weigh then homogenize a piece of liver in 2 ml of PBS

Vi A™@§ @tor driven tissue homogenizer with a small head. Dilute and plate the

ho e in serial dilutions onto agar plates (for recipe see reagents & solutions)
an@te them at 37°C for 3 weeks. Count the colonies, calculate back the number

acc

Basic protocol 5. Assembly of the model from the four different primary cells
All cellu;r components of the in vitro granuloma model are primary isolated,

therefore ‘m& times and assembly have to be precisely scheduled and performed for each
This

to the dilution and calculate the proportion of CFU/g tissue.

experime means planning ahead for cultures which need a longer growth time (see

strategic planaingy, but also for the day of the model assembly (Figure 8).
Thg i co-culture BBB model is established from primary brain endothelial cells
and as i is ready to be used after four-five days of co-culture (see Basic Protocol

, bone marrow-derived DCs are differentiated in culture for 8 days
asic Protocol 2.) and passaged to be infected with BCG or Mtb on the day
of the model assembly for 4 h (see Basic Protocol 4.). During the infection time PBMCs are
freshly iS(gted and used for the model setup and/or for CD4+ cell isolation simultaneously

(see Basil 3.). In each experiment performed using the Transwell insert setup, 10’

uninfectedio ted DCs are cultured on the top of brain endothelial cells with or without
the additio > P25 PBMCs. Alternatively, wild type or other knock-out PBMCs can be
isolate ined with 10* P25 CD4+ cells, and added to mimic the same conditions. All

groups W% liver granuloma supernate (see Support protocol 4.) to enhance in vitro
granulom ion. Cells are kept in culture for 2 days while several functional tests and
morphologi dies can be performed such as flow cytometry for the evaluation of

transmigrati munofluorescence to detect cell-cell interactions and barrier damage. Cell

tes can be collected and measured with ELISA for secreted factors and cells

can be used for Western blot and other morphological studies.

Materials
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All cells and materials need to be prepared and ready to be used which have been detailed in

Basic protocols 1-4. Here we list the specific materials for this particular basic protocol:

Running medium w/o antibiotics (see Reagents & Solutions)

R edium w/ antibiotics (see Reagents & Solutions)
- 3mldehyde solution (diluted with PBS) from 32 % solution, Electron
MWy Sciences)

24-well plates (Corning), Eppendorf
E -2Wolt/Ohm (TEER) Meter with ENDOHM-6G cell culture cup chamber-type

elec (World Precision Instruments)
- aa
Note: By the beginning of Basic protocol 5, the following sections of Basic Protocol 1-4 need
to be ready: 1.) Assembled and matured in vitro BBB model on its day 4 of assembly. 2.)
Primary bone marrow-derived DCs on their cultivation day 8. 3.) Liver granuloma supernates
isolated from BCG infected mice, 3 weeks post-infection, supernates are stored at -80°C. 4.)

Bacterial culture grown to OD=1 for infections.

Note: In this section an example of a full 24-well plate with the complete in vitro granuloma
& in vitro BBB model is presented containing infected DCs + P25 PBMCs with their controls
(Figure 7). The model is assembled using a 24-well plate containing the ready-to-go in vitro
BBB model on 3 um Transwell inserts (see Basic Protocol 1.). This protocol includes the
groups “uninfected DCs”, “infected DCs”, “uninfected DCs + P25 PBMCs” as controls for
the “infected DCs + P25 PBMCs” group. The control groups can be modified according to
the experimental plan. Besides these variations, DCs and PBMCs isolated from knock-out

animals can be included.

1. Wure TEER of the in vitro BBB model (96 h timepoint). Change the medium
of re model to the running medium containing antibiotics. By this time TEER
shEh on average at least 100 Q x cm?.

il the 96 h timepoint cells receive 48 h hydrocortisone treatment. Before
he experiment this treatment is removed and a preconditioning without
hydrocortisone with lower, 10 ug/mL, gentamicin containing medium is

performed during the DC infection and PBMC isolation interval.
Generally during the establishment of the model and throughout the
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experiment brain endothelial cells are kept in co-culture with astrocytes. In
this case no extra chemokine is added to bottom compartment of the system

He glial cells naturally secrete chemokines important for the assay (Banks et
2018). If the researcher wants to study the cellular transmigration in a
led environment, glial cells can be removed and 200 ng/mL CCL-2 can

B NpE%.dded to the bottom compartment as chemoattractant.

2. In according to Basic Protocol 4. In total prepare enough cells for 12 x10°
Dmth uninfected and infected groups and prepare two extra wells with 5 x10°
D ow cytometry and infection validation.

3. Dufing the 4 h infection perform the PBMC isolation and if needed the CD4+

separation. At the end of this step, take up PBMCs at a concentration of 10°/60 pl of
running ;dium without antibiotics.
During the PBMC isolation’s first gradient centrifugation, fix one well of DCs
from the infected group in 3 % PFA-PBS (~2.5-3 h infection) to check
infection progress using confocal microscopy.
4. Fw last instructions of “Basic Protocol 4. In vitro infections”, take out the cells
ells by suspending the medium and pool the four wells needed for the

expe (4 well x5x10° infected with MOI 1:1 (BCG) or MOI 1:0.5 (Mtb) ).

at 300 g for 5 min, 4 °C and take them up in running medium without
antibiotics, at a concentration of 10’ DCs per 100 pL medium.

5. Assemble the system. Seed DCs to the top compartment at 10> cells/100uL per insert,
PBMCs at 10’ cells/60uL per insert, add 40uL (20 %) granuloma supernate which
will add up to 200uL media per insert total volume (900 uL to the bottom
compartment). Where no PBMCs are added their volume is replaced by running
medium without antibiotics (for outline see Figure 9).
+T wo conditions of running media are used: with and without antibiotics.

mmm Bottom compartment receives medium with antibiotics, top receives medium

mmm @l0ne. The reason behind this step is that the granuloma supernate’s medium

contains 50 ug/mL gentamycin (see ‘“Liver granuloma isolation” protocol),
<which is diluted 5 times when added to the system. To keep up the same

conditions in the top and bottom compartments, lower amount of antibiotics is
also added to the bottom. Also this serves to eliminate potential extracellular

bacteria.
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6. Incubate the system for 24 and 48 hours. After these time-points TEER can be
measured again and supernates can be collected for analysis. To collect cells for flow
cytometry or protein assays, they should be centrifuged at 300 g, 5 min, 4°C in
Eppendorf tubes and fixed with 3% PFA-PBS for at least 1 h or lysed. Supernates can
be collected for further analysis. For flow cytometry they can be centrifuged once
more after fixation and taken up in 3% BSA-PBS for measurement. For
immunohistochemistry cells are fixed in 3% PFA-PBS for at least for 1 h or overnight

and used for junctional or intracellular marker labeling.

A

[*Inset ﬁ@ar here]

Reagents and Sglutions

For detail&nt list see Supplementary Tables 1., 2. and 3.

20% BSA-DMEM/F12 (w/v %, BSA: Sigma, A7906)
- Digsolke 20 g BSA in 100 mL DMEM/F12: put the powder into a sterile glass bottle

outh, add the medium gently and leave this solution overnight at 4 °C. On
the n y dissolve leftover clumps by stirring the solution with sterilized magnetic
few hours.

- Sterilize with low-protein binding syringe filter (0.22 um) with 12 mL/50 mL tube,

st(i at -20 °C.

Collagense (C/D) solution (Sigma/Roche, COLLDISP-RO/11097113001, 500 mg;

10 mg/mL
- DiSsolve 500 mg enzyme in 50 mL DMEM/F12, dissolves quickly.

- Wth low-protein binding syringe filter (0.22 um).

- Alj solution with 1 mL / microtube, store at -20 °C.

Collagenas S2) solution (Sigma, C6885, 100 mg; 10 mg/mL stock)
e 500 mg enzyme in 50 mL DMEM/F12 + 50 mg BSA by flipping up and

down the tube after the addition of the medium.
- Sterilize with low-protein binding syringe filter (0.22 um).
- Aliquot the solution with 1 mL and 0.5 mL / microtube, store at -20 °C.
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DNase I solution (Sigma, D4513-1VL, 2000 U/mL stock)

ottle specific amount and enzyme activity needs to be checked using the

Ce of Analysis.
- Di iven amount of enzyme according to enzyme activity. For example, if

#hJFESS M mo enzyme in one bottle with a 4500 U/mg enzyme activity, to reach
20 we need to add 24.75 mL ice-cold PBS to the powder.

- Stdrilize With low-protein binding syringe filter (0.22 pm).
- Al e solution with 800 pL / microtube, store at -20 °C.
Human basic fibroblast growth factor (hbFGF) (Sigma, F0291, 25 ng; 10 ng/mL stock)

- add 2500 )L DMEM/F12 to 25 ug bFGF vial
- N

{

LES

further sterile filter this vial. Aliquot the solution with 100 pL / microtube,

st

atﬁ

§!

medium for shaking cultures

k 7H9 media (BD Biosciences, Difco)

acid-albumin-dextrose-catalase (OADC) enrichment (BD Biosciences)

- 0.05% Tween 80 (Sigma Aldrich) in the presence of hygromycin B (100 pg/mL;

InvlvoGen

i

- 0.2 %ghycerol (Fisher Bioreagents)

O

- Hyg n B (50 pg/mL, InvivoGen)
- Step red
Bacteeredium for agar plates

- M k 7H10 agar medium (BD Biosciences, Difco)
- 102 C and 0.5 % glycerol (Fisher Scientific)
- 02% rol (Fisher Bioreagents)

th

- ycin B (50 pg/mL, InvivoGen)

A

Collagen type IV. (Sigma, C3355, 5 mg; 1 mg/mL stock)
- Stock to prepare: Img/ml (used concentration: 100pg/ml)
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- Dissolve in 0.25% acetic acid-sterile distilled water, turn it upside down several times.
Put it to 4 °C overnight.
- Wiquot it into Eppendorf tubes and store at -20 °C. Do not freeze and thaw.

Cam at 4 °C up to one week

Heparifi EBI@, 100kU (512 mg); used concentration: 100pug/ml; 20U)
- A bottle 10mL sterile DW, then sterile filter it with 0.22 um syringe filter.

- Alms 500 ul / Eppendorf, store at -20°C
- Aft ing store at 4 °C

Running medium for Basic protocol 5. for 50 mL total
- 5mL FBS
- 500 uL ITS
- 500 uL HEPES

S

- 100 pL heparin
- Fill up to 50 mL with DMEM/F12, sterile filter
§o Split 34 mL of this and add 6.8 uL gentamicin stock (used: 10 pg/mL):

‘o Keep the remaining 16 mL solution as antibiotic-free: “Running medium w/o

“Running medium w/ antibiotics”

antibiotics”

il

COMME

General di n

q

Several inSitro models of BBB exist with many advantages and drawbacks which are used in

various ethodologies from pharmaceutics to pathology (Helms et al., 2016). The

{

primary vitro BBB model is well established and widely used by our laboratory

U

(Sandor ¢ 14; Lenart et al., 2015). Tuberculosis meningitis is a well known, but
understudie se since its description in 1933 (Rich et al., 1933), with an under-defined

mecha arding the entry of bacteria to the brain. Most protocols studying this

A

phenomenon use" free-floating bacteria (Jain et al., 2006), study the effect of supernates
(Brilha et al., 2018) or phagocytic cells in vivo (van Leeuven et al., 2018), but no models

have combined these aspects by integrating a primary brain EC based co-culture model with
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primary DCs as phagocytic and antigen presenting cell type with primary PBMCs in
combination with Mycobacterium infection. Previous data from our group showed that after
in vivo Mtion, primary granulomas are formed from where immune cells carrying
live bacte&"rhese cells were identified as CD11c+ DCs (Harding et al., 2015), which

arrest wit ells in the body at different distances from the primary focus forming
new, JEcHA@EN™oranulomas and promoting dissemination. Concurrently, the migratory
capacity i ed cells isolated from liver granulomas were studied and revealed that
phagocyti@arrying mycobacteria are hindered in motion (Harding et al., 2015). The
present m lows to test the idea of a cellular carrier facilitating dissemination of

mycobact@riafdcr@ss the brain endothelial monolayer.

S

The current method is also based on the idea of previous in vitro granuloma models

established by th@ co-culture of blood-derived mononuclear cells and monocytes (Birkness et

ti

al., 2007). resent model, microscopy and flow cytometry analysis were facilitated by

the use of@§pecialized transgenic animals expressing CD11c-eYFP protein. The utilization of

q:

BCG and Mtb.stiains transfected with plasmids providing fluorescently detectable bacterial

strains highl @ ances the visualization and the tracking of infection. The P25 transgenic

d

mouse les us to utilize CD4+ T-cells specific to the Mtb peptide 25 (aa 240-254)
of Antigen ound to MHC class II. I-Ab. The combination of DCs and mononuclear
cells 1 enables us to study cell-cell interactions near the in vifro granuloma

formation site, which is very important due to the inherent role these cells play during the

course of fliberculosis infection (McShane et al., 2002; Norris&Ernst, 2018).

O

Critical p efers and Troubleshooting

See Talrmubleshooting guides to Basic Protocols 1-4.

UnderWsults

When the is assembled on Day 9 of the strategic planning (Figure 1.) four to five

primary 1 types are combined into one model to understand cellular transmigration,

cell-cell inte s and BBB morphological changes during mycobacterial infection. These

factors ly will affect the brain endothelial barrier integrity, morphology, gene
expression, signaling pathways and more. We find that this model which is assembled using
phagocytic and antigen presenting DCs and surrounding PBMCs may provide a general

platform to study dissemination of pathogens across vessels on a systemic level.
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Time Considerations
For genm and strategic planning consult Figures 1 & 8. These provide a detailed
experimeme weeks and days before and after the start of the isolation procedures

and show ired for the model assembly.

AcknowlLts

We Woulw thank the University of Wisconsin Translational Research Initiatives in
Pathology
Medicine @n. CCC grant P30 CA014520, for use of its facilities and services. This work

ory, in part supported by the UW Department of Pathology and Laboratory

awarded to ZF @Bnd HL128778 and ROIHL128778 awarded to MS. FRW is currently
supporte(&National Research, Development and Innovation Office, Hungary [grant

was supported bi National Institutes of Health grants NS108497 and NS076946, GM081061

number OLKA PD-128480], by the Janos Bolyai Research Fellowship of the Hungarian
Academy @;ces, and by the New National Excellence Program Bolyai+ fellowship

(UNKP-19:4 -42) of the Ministry for Innovation and Technology, Hungary. We thank
memb boratory for helpful discussions and constructive criticism of this work, and
Khen Macvi W) for his expertise provided during flow cytometry measurements.

Key references

Banks WA, Kovac A, Morofuji Y. (2018). Neurovascular unit crosstalk: Pericytes and
astrocytes modify cytokine secretion patterns of brain endothelial cells. Journal of
Cerebral Blood Flow and Metabolism, 38(6),1104-1118. doi:
10.1177/0271678X17740793.

4 .

Barna L, Walter FR, Harazin A, Bocsik A, Kincses A, Tubak V, Joésvay K, Zvara A, Campos-
Bedolla P, Deli MA. (2020). Simvastatin, edaravone and dexamethasone protect against
kainate-induced brain endothelial cell damage. Fluids and Barriers of the CNS, 17(1), 5.
doi: 10.1186/s12987-019-0166-1.

Birkness KA, Guarner J, Sable SB, Tripp RA, Kellar KL, Bartlett J, Quinn FD. (2007). An in
vitro model of the leukocyte interactions associated with granuloma formation in
Mycobacterium tuberculosis infection. Immunology & Cell Biology, 85(2), 160-8. doi:
10.1038/sj.icb. 7100019

|

Brilha S, Ong CWM, Weksler B, Romero N, Couraud PO, Friedland JS. (2017). Matrix
metalloproteinase-9 activity and a downregulated Hedgehog pathway impair blood-brain
barrier function in an in vitro model of CNS tuberculosis. Scientific Reports, 7(1), 16031.
doi: 10.1038/s41598-017-16250-3.

This article is protected by copyright. All rights reserved.



Clarkson BD, Walker A, Harris MG, Rayasam A, Sandor M, Fabry Z. (2015). CCR2-
dependent dendritic cell accumulation in the central nervous system during early effector
experimental autoimmune encephalomyelitis is essential for effector T cell restimulation

in situ and disease progression. Journal of Immunology, 194, 531-41. doi:
10.4049/jimmunol.1401320.

DeStefgnoglGeJamieson JJ, Linville RM, Searson PC. (2018). Benchmarking in vitro tissue-
enginegsed blood-brain barrier models. Fluids and Barriers of the CNS, 15(1), 32. doi:
10.118&7-018-0117-2.

Engelhar@oczy P, Weller RO. (2017). The movers and shapers in immune privilege
of the BN ature Immunology, 18(2), 123-131. doi: 10.1038/n1.3666.

Harding wsam A, Schreiber HA, Fabry Z, Sandor M. Mycobacterium-Infected
Dendritic Cells Disseminate Granulomatous Inflammation. (2015). Scientific Reports, 5,

15248. 501: 51 038/srep15248.

Helms HC t NJ, Burek M, Cecchelli R, Couraud PO, Deli MA, Forster C, Galla HJ,
Romeﬁusta EV, Stebbins MJ, Vandenhaute E, Weksler B, Brodin B. (2016). In
vitro the blood-brain barrier: An overview of commonly used brain endothelial

cell cul dels and guidelines for their use. Journal of Cerebral Blood Flow and

Metabdlis (5), 862-90. doi: 10.1177/0271678X16630991.

aseela M, Lamichhane G, Kim KS, Bishai WR. (2006). Mycobacterium
invasion and traversal across an in vitro human blood-brain barrier as a

pathogeni chanism for central nervous system tuberculosis. Journal of Infectious
), 1287-95. doi: 10.1086/502631

Jain SK, Tobin DM, Tucker EW, Venketaraman V, Ordonez AA, Jayashankar L, Siddiqi OK,
Hamm@ud DA, Prasadarao NV, Sandor M, Hafner R, Fabry Z; NIH Tuberculous
Meninhiting Group. (2018). Tuberculous meningitis: a roadmap for advancing
basic d anslational research. Nature Immunology, 19(6), 521-525. doi:
10.103 @ D-018-0119-x.

Karman J, Ling C, Sandor M, Fabry Z. (2004). Initiation of immune responses in brain is
promoted by local dendritic cells. Journal of Immunology, 173, 2353-2361. doi:
10.4049/jimmunol.173.4.2353.

Lénart N, Walter FR, Bocsik A, Santha P, Téth ME, Harazin A, Toth AE, Vizler C, Torok Z,
Pilbat AM, Vigh L, Puskas LG, Santha M, Deli MA. (2015). Cultured cells of the blood-
brain barrier from apolipoprotein B-100 transgenic mice: effects of oxidized low-density
lipoprotein treatment. Fluids and Barriers of the CNS. 12, 17. doi: 10.1186/s12987-015-
0013-y.

Mastorakos P, Gavern D. (2019) The anatomy and immunology of vasculature in the
central nervous system. Science Immunology, 4(37), pii: eaav0492. doi:
10.1126/sciimmunol.aav0492.

This article is protected by copyright. All rights reserved.



McShane H, Behboudi S, Goonetilleke N, Brookes R, Hill AV. Protective immunity against
Mycobacterium tuberculosis induced by dendritic cells pulsed with both CD8(+)- and
CD4(+)-T-cell epitopes from antigen 85A. (2002). Infection and Immunity. 70(3), 1623-6.

doi: 4flk284ili.70.3.1623-1626.2002.

Norris B4 @ JD. Mononuclear cell dynamics in M. tuberculosis infection provide
opport gsfieigtherapeutic intervention. (2018). PLoS Pathogens. 14(10), e1007154.
doi: 10 1371 fournal.ppat.1007154.

Perriére Iheuse P, Garcia E, Regina A, Debray M, Andreux JP, Couvreur P,
Sche n , Temsamani J, Couraud PO, Deli MA, Roux F. Puromycin-based
purification ofjrat brain capillary endothelial cell cultures. Effect on the expression of

blood-b rrier-specific properties. (2005) Journal of Neurochemistry. Apr;93(2):279-

89. PulmlID: 15816851.

Riedhammer C,. Halbritter D, Weissert R. (2016). Peripheral Blood Mononuclear Cells:
Isolation, Frc®ging, Thawing, and Culture. Methods in Molecular Biology, 1304, 53-61.
doi: 10 51 2014 99.

Sandor NFWalter FR, Bocsik A, Santha P, Schilling-Téth B, Léner V, Varga Z, Kahéan Z,
Deli afrany G, Hegyesi H. (2014). Low dose cranial irradiation-induced

cerebro damage is reversible in mice. PLoS One, 9(11), el12397. doi:
10.137W; .pone.0112397.

Takaki M, Winglee K, Ramakrishnan L. (2013). Evaluation of the pathogenesis
and t of Mycobacterium marinum infection in zebrafish. Nature Protocols. 8(6),
1114-112 : 10.1038/nprot.2013.068.

van Leeuwen LM, Boot M, Kuijl C, Picavet DI, van Stempvoort G, van der Pol SMA, de
Vries HE, van der Wel NN, van der Kuip M, van Furth AM, van der Sar AM, Bitter W.

(2018) M ycobacteria employ two different mechanisms to cross the blood-brain barrier.
Cellul biology, 20(9), €12858. doi: 10.1111/cmi.12858.

Internet s
https://wwi¥. aldrich.com/content/dam/sigma-aldrich/docs/Sigma-
AldrictGeneral Information/1/ge-isolation-of-mononuclear-cells.pdf

https://\Mlom.com/ applications/cellometer/blood-based-samples/peripheral-blood-
monon lls-pbmc/.

<

This article is protected by copyright. All rights reserved.



Figure legends

e for the establishment of the in vitro mouse granuloma and blood-brain

e isolation of liver granuloma supernates animals have to be infected
.  E— . . .

with mycgbacteria 3-4 weeks before experiments. Primary astroglia cultures need to be

isolated 3'W efore the isolation time of endothelial cells and dendritic cells to give time

for growthld passae and then stabilization of glial cultures in the experimental setup. Isolation

of the last 3 cgll types, assembly of the model and incubation times take up to 11 days to

perform.
Day5or6
Assembly of the double co-culture model
Day9
3h BMDC infection with Mtb,
We.ek-4- WEEk,'l . assembly of the granuloma-BBB model
Ip. infection of WT  Isolation of liver
mice with BCG granuloma supernate Day 10-11: Fixations, collection
I | Iof supernatants, flow cytometry
] R N | >
1 I | 1 | 1
Week -3 /-2 Day 1 Day 9
Isolation of primary Isolation of PMBECs Isolation of PBMCs, CD4+ cell
mouse astroglia, Day 0 purification
passage to Isolation of BMDCs
experiment

Author N
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Figure 2. Example phase contrast pictures showing the growth timeline of primary mouse
astrogliMon day 2, 4 and 7 after isolation. Pictures were taken on each day after
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Figure 3. Example phase contrast pictures showing the morphology of primary isolated brain
microvMothelial cells (EC) right after isolation on (Day 0) to full confluency (Day
4). Freshl d microvessels should be seen in the culture as floating shiny cell strings
(pointed heads). On Day 1 no medium change occurs yet, but the outlines of
attachc@ cEW@IEEKands should be visible below the floating dead “contaminating” cell types.
Between phase contrast pictures show cells after appropriate washing. Cellular
islands argfgrowing together and forming a confluent layer, which has a typical whirlpool-

. Bar: 250 um.

T

like growth

f‘r % -.:' a?'.
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Figure 4. Schematic showing the assembled co-culture model of the BBB and resistance
measurM Cartoon shows the position of brain endothelial cells (EC) and astroglia
establishe the Transwell cell culture insert method. Immunohistochemistry was
performe validate purity and proper cellular marker expression, which stained
positive { S SR unction marker molecule Claudin-5 (CI-5). (B) Example transendothelial
electrical 1Ssi e (TEER) values from one experiment during the growth and tightening
phase of bffain monolayer. Zero hour represents culture assembly; 96 hours means 4 days

in culture.
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Figure 6. Lymphocyte isolation using Ficoll Paque PLUS density gradient centrifugation. At
the botM gradient red blood cells with granulocytes are present. Above that the

gradient mible, while the hazy PBMC rich layer is visible above this containing

cells of o bove the lymphocyte layer the blood plasma is present containing the
majoriti o.mwlets.
Y

i

Plasma platelets

PBMCs

Ficoll Paque media

Granulocytes,
Erythrocytes
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Figure 7. Sample flow cytometry data after Miltenyi mouse CD4+ T-cell isolation kit
method“re first gated for size, then for single cells. For this sample experiment
purified Pm labeled with viability dye and CD4+ antibody. It is clear that no cell-

death occ he method and a high level of CD4+ purity can be achieved. Analysis
was peHo.Mng the FlowJo software to gate single cells, live cells and CD4+ T-cells.
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Figure 8.e for the establishment of the in vitro mouse granuloma and blood-brain
barrier in Day 9 of the “Strategic planning” outline (Figure 1.). The day starts with
the transe ial electrical resistance (TEER) measurement on the BBB model, then
mediumgg®Changed for less antibiotics and no hydrocortisone containing medium. Then DCs

are passaged and infected. After this step the PBMC isolation is upcoming, with or without
extra CDKS cell isolation. After 4 h of DC infection cells are collected, and the whole model

is assemble ese culture model could be used up to two days.

TEER measurement,
medium change

on the BBB model End of DC infection, End of the experiment,
Start of PBMC isolation, start of infected/uninfected  sample fixation, sample
CD4+ purification DC collection collection, flow cytomety,

immunohistochemistry
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I
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Assembly and start Assembly of
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Figure 9. Example for an in vitro granuloma & in vitro BBB combination experiment to

model cell-cell interactions and cellular transmigration across the brain endothelial

monolayer.
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Table 1. Troubleshooting for basic protocols.

Problem Possible cause Solution
Genera# Pathogens: fast Use proper aseptic technique,
contamina reproducing bacteria or combination of antibiotics and

cell cultu

Crip

fungi are introduced in
the system

antimycotics. Except for the end of the
experiment when using mycobacteria,
which do not tolerate high concentrations
of these agents.

Perform regular maintenance of
equipment, use proper disinfectant like
70 % ethanol.

Discard contaminated samples.

5

Basic pro

Author Manu

Primary isolated
endothelial cells are not
growing properly

Glial cells are not
attaching and growing

Endothelial barrier is not
established, cells are not
visible

When handling primary brain endothelial
cells an efficient quick, but gentle
treatment is needed.

Several factors need to be considered: 1.
Proper digestion of the cells, 2. Proper
gradient centrifugation, 3. Quality of the
coating, 4. Quality of the plastic the cells
are seeded to, 5. Concentration of each
reagent used, especially antibiotics, sera
and growth factors.

Contamination of the culture needs to be
checked very thoroughly. When isolating
primary cells cultures can get very easily
infected which can lead to a complete
stop of cell growth.

During the isolation the most critical step
is the speed of the mechanical
dissociation. If it is too fast, cells do not
survive, but if it is too slow, many tissue
clumps stay in the medium and the yield
will be low. As a rule of thumb by the
third round of mechanical dissociation
not many tissue clumps should be visible
by eye.

Cells spending too much time in trypsin,
exposed to too harsh pipetting or which
are kept too long at room temperature
tend to be damaged leading to impaired
barrier formation.

Basic protocol 2.

The femur bone breaks
during isolation

During the dissection steps muscles need
to be removed and joints need to be freed
from its pocket very carefully.
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Later, when the bone spends too much
time in the disinfectant ethanol, the tissue
dries out and is prone to break.

do not separate

“Basic pPOBTPE | No buffy coat, PBMCs

When using gradient centrifugation,
brake at the centrifuge needs to be
switched off. Too quick stop leads to the
stirring of the gradient.

Check expiry date of all components,
here fresh gradient solution is key.

Basic profe

Bacteria clump too much

Mycobacteria tend to form big
aggregates, clumps, which can be
eliminated by longer sonication.

If sonication does no help, bacterial
clumps can be broken up by mechanical
dissociation through a thin needle.

Reagent Iist

AUSCrip

Animal/bacterialsgtrains; Reagents and Consumables list.

Table S1.

Animal strains Company Catalog number

CS7BLM3 mice The Jackson 000664
Laboratory

CDI1l1c-eYFP (B6.Cg-Tg(Itgax- The Jackson 008829

Venus)1 Maz/J) Laboratory

P25Ktk/J -Tg(TcraTcrb)Ktk/J The Jackson 011005

. Laboratory

Bacterial strains Company Catalog number

Mtb H37RV ATCC 27294/H37Rv

TMC 101 EPasteur] ATCC 35734

Table #

]

Reagent name Producer Catalog number

2-Mercaptoethangl Sigma Aldrich M6250-10ML

32 % pa dehyde solution Electron Microscopy | 15714-S
Sciences

Accucheck cotfiting beads Thermo Fisher PCB100
Scientific

ACK lysing buffer Thermo Fisher A1049201
Scientific

Anti-CD4+ antibody BD Pharmingen 553048
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ArC™ Amine Reactive Compensation Bead | Thermo Fisher A-10346
Kit Scientific
Bovine serum albumin powder Sigma Aldrich A7906
Collag Sigma Aldrich C3355
Collagenasggiyipe 11 Sigma Aldrich C6885
Sigma Aldrich/ COLLDISP-RO/
Roche 11097113001
Deoxygibonuelease I (DNase I) Sigma Aldrich D4513-1VL
Difco™ tgddlebrook 7H10 Agar BD Biosciences 262710
Difco™ ok 7H9 Broth BD Biosciences 271310
DMEM (1gW glRose) GlutaMAX Thermo Fisher 10567-014
Scientific
DMEM/F12 aMAX Thermo Fisher 10565-018
Scientific
EDTA solutié Thermo Fisher AM9260G
Scientific
Essential amino éid solution Corning 25-030-CL
Fetal bovi (FBS) Corning 35-010-CV
Fibronecti Sigma Aldrich F1141
Ficoll Pagg PLUS solution GE Healthcare 17144002
Gentamic Sigma Aldrich G1397
GHOST vj ye Tonbo Biosciences 13-0868-T500
GlutaMA n Thermo Fisher 35050061
Scientific
Fisher Bioreagents BP229-1
phage stimulating factor Peprotech 315-03
Sigma Aldrich H3149
HEPES solution Corning 25-060-CI
Householﬁleach - -
Human b blast growth factor Sigma Aldrich F0291
(hbFGF)
Hydrocort @ Sigma Aldrich H4001
Hygromyciime Invivogen ant-hm-1
Insulin-trm-sodium selenite (powder) | Sigma Aldrich 11884-1VL
Insulin-tr rrin-sodium selenite (solution) | Thermo Fisher 41400045
Scientific
TsofluraNeljmmd Santa Cruz Biotech | SC-363620RX
MiddlebrgC enrichment BD Biosciences 212351
Mouse CD4+ T-ggll isolation kit Miltenyi Biotec 130-104-454
Na-Pyruv Corning 25-000-CL
Non-essentiadg@no acid solution Corning 25-025-CL
Penicil ff=Stréptomycin solution 100x Corning 30-001-CL
Phosphate Difftesgd saline solution (PBS) Corning 21-040-CV
Plasma Derived Bovine Serum (PDS) First Link UK Ltd. 60-00-850
Puromycin Sigma Aldrich P7255
RPMI 1640 Corning 10-040-CV
Trypsin-EDTA solution (0.05 % with EDTA) | Corning 25-052-CI
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Tween 80 Sigma Aldrich P1754

UltraComp eBeads Compensation Beads Thermo Fisher 01-2222-42
Scientific

Vesph Steris Life Sciences | 646108

Table S3.h

Consumable name Producer Catalog number
0.22 W 1% syringe filter Millipore SLGP033RS
0.22 um sh’ g8 Flter Corning 431218
0.45 pm synngg filter Corning 431220
40 um ceiﬁ Corning 352340
100 mm bé ogical dishes, non-treated Corning 351029
100 mm ti ture dishes, TC treated Corning 430167
60 mm ce‘ :i:; dishes Corning 430166
6-well tissuc culture plates, TC treated Corning 3516
24-well ti ure plates, TC treated Corning 3524
48-well ti re plates, non-treated Corning 351178
96-well U-b plates Corning 353077
T25 cell cgture E!ask, TC treated Corning 430168
15 mL co trifuge tubes Corning 14-959-70C
50 mL conjgcalcentrifuge tubes Corning 352070
1.5 mL mﬁ denfiifuge flex tubes Eppendorf 022364111
Blue absor®ertypftd for surgical surfaces Thermo Fisher 14-206-62
1 Scientific
BioExpress E-5022-3
World Precision ENDOHM-6G
Instrument
Glass beakers: 50 mL, 100 mL, 250 mL Fisher Scientific
Glass bottles for medium: 100 mL, 250 mL, Fisher Scientific
500 mL L
MidiMACS Sgparator with MultiStand Miltenyi Biotec 130-042-301
Miltenyi S column Miltenyi Biotec 130-042-401
Motor dri e grinder
Neubauer ﬁer chamber
OD specti@photometer (CO8000 Cell density | WPA Biowave 80-3000-45
meter)
quge Eppendorf 5810R
Sterile disSecting instruments: forceps, World Precision
scissors, scalpclSyblades, lancets Instruments / Kent
j Scientific
Sterile gauze
Sterile BD Biosciences
Specia eedle, 21G 4 % Braun 4665643
Sterile syringe Braun
Transwell inserts 3 um pore size, with 24- Corning 3415
well plates
Ultrasonic Homogenizer (Model 300 V/T) Biologics
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