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ABSTRACT

We established a sendtive nontadioactive in situ
hybridization (ISH) methal for the detecton of chicken IgG

y-chain mRNA in pardfin sectons RNA probes were
transcribé in vitro from cloned chicken IgG CH1 nucleotide
sequenes with SP6T7 RNA polymerases in the preence of

DIG-UTP. The® probes were usal for hybridization and
were immunodetectd using anti-DIG antibodies conjugated
to horseradis peroxidase The immunoreactie products
were visualizel with DAB-H,O,. 1gG y-chain mRNA-

expressig cells were localized in both the spleen and

oviductd tissues This method demonstratel an excellent

sensitivity since the ISH signd was clea ard the
backgound was negligible. We found tha in the spleen IgG

y-chain mRNA-express$ng cels were presem manly in the
red pulp, wherea in the oviduct they appeard mainly in the
muaosd stroma and nat in the mucosaepithdium.

INTRODUCTION

In situ hybridization (ISH) is an effective approab for the
localization of gere expressia at the cytologicd level. It is
an elegant syrthess of molecular biology and histology. The
principle of ISH is the specifc amealing of a labelal probe
to complementay sequenas of targe nuclec acics in a
fixed spe¢men, followed by detectim and visualization of
nucleic acid hybrids with cytologicd methods (1). In a study
of locd immurity in the chicken oviduct, we found that 1gG-
positive cells were preent in both the mucosl epithelum
ard stroma (2). We then examined whether the |gG-positive
cellsin both the mucosl epithelum ard the stroma produce
IgG. To anaver this question we corducted ISH to
investigat the gene expression usng RNA probes that were
specifc to the 1gG y-chain CH1 sequence The results
indicated that 1gG y-chan mRNA-expressng cells were
presenonly in the mucosl stroma, and not in the mucosal

epithelium (3). The protocd we useal was highly effective and
convenient. Although there are mary descriptios of ISH
methods and protocok (1), no protocd is universally
sensitve ard efficient, due to the huge scope of targe nucleic
acids and wide variane of tisste types No ISH protocd for
the detectim of chicken IgG mMRNA expressbn is
establishedHere we preseh our methal in detal and discuss
its feauresto allow otheisto useit effectively.

MATERIAL SAND METHODS

Preparation of tissue samples

Tisswe samples usal in this experiment were collected from
White Leghom laying hens (57 weeks old). After
decapitationthe spleen and smell pieces (abou 10 mm long)
of the oviduct were quickly excised and washel briefly in
PBS and fixed in newly-prepare 4% (w/v) pardormaldetyde
in PBS at 4 °C for 4 h. Then the tissue samples were trimmed
to small tisste blocks (3-5 mm long), put into plastc tissue
cassetts ard fixed agan at 4°C in the same fixative for

anothe 20 h. The tissues were detydrated with a graded
series of ethanol (70%, 12 h; 80% 6 h; 90%, 6 h; absolte-I,

2 h; absolue-ll, 12 h), clearal in xylene [creosotexylene
(1:4), 0.5 h; xylere-l, 0.5 h; xylenell, 0.5 h], infiltrated with

pardfin (2 times, 2 h each) and embeddel in pardfin wax.

Sectins, 6 pm thick, were air-dried on 3-aminopropyl

triethoxyslane-coatel glass slides (4). All handling of tissues
ard sectiors was pefformed unde RNasefree conditions.

In Situ Hybridization

Preparatian of riboprobes Chicken IgG CH1 DNA
fragments (5) were obtaned as the PCR product. Briefly, total
RNA was isolated from chicken (White Leghorn H-B 15)
splent cells using ISOGEN-LS (Takara Tokyo, Japan) Poly
(A)+ RNA was purified from totd RNA usng Oligotex-dr3o
(Nippon Rodhe, Tokyo, Japa). The poly (A)+ RNA was
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reversetranscribed using the SuperScripp preamplification
sysem (GIBCO-BRL, MD, USA), accordig to the
manuacturers instructions The cDNA was extracted and
PCR amplification was carried out using AmpliTag-Gold
DNA polymerase (Perkn Elmer, NJ, USA) ard the
following primers AG1l: GACGAAGCTT TTCCTCTTCT
and GS1 CCCGATTGTA CCCTCTATCG (18-217 in CH1
domain). PCR was peiformed in a Progam temp control
system PC-700 thermal cycler (ASTEC Inc. Fukuoka,
Japan) PCR product were ligated to the PGEM-T easy
vecta (Pranega WI, USA) accordimg to the manuacturels
instructions The cDNA inset was seguence&l by an
automated Applied Biosystems Modd 373A seqlencing
system using a dye terminaor sequendng kit (Amersham
Phamacia Biotech NJ, USA). The resuting nucleotide
sequene was exactl the same as reportel by Parvar et al.
(1988) (see Fig. 1). Antisen® and sense riboprobes labeled
with digoxigerin were prepared by usng a DIG RNA
labeling kit (SP6/T7) (Boehringe Mannheém Co. IN, USA)
accordig to the mandacture's instructons Probes were
stored in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH7.4)
ard used within two months.

GACGAAGCTT TTCCTCTTCT CGCCGGGGCT
30

GAGGCGGACG AAGCTGAGCT TCACGGGGGT
60

CCCCGAAACT CTGCCGGCCA CCGCCGTACC
90

TCCGGAGCCC TCCCAGGAGA TGCCGCCGGC
120

GGACGAAGGG GACAACAGGC AGCCCACGGC
150

CGGCGGGACA GCCGAGTCGG AACAACAGGC
180

GGATAGAGGG TACAATCGGG
200

Fig. 1 Sequene of chicken 1gG cDNA usal in this study

In situ hybridizatiln procedue. All step prior to and
during hybridizaton were conducted under RNasefree
conditions Sedions were deparéfinized with xylene (5 min
X 3 times) and rehydrated throuch desending ethanol
concentrations [100% (5 min X 3 times) 90% 80% 70%
ard 50% (5 min each and PBS (10 min). The sectiors were
treatal with protenase K, 2 ug/ml in PBS pH 7.4 at room
temperatue (RT, abou 20°C) for 15 min. The slides were
then immersed in 0.2% (w/v) glycine in PBS (10 min) and
PBS (3 min X 2 times) The sectiors were acetylate for 20
min with 0.286 (v/v) acettc anhydride in 01 M
triethanolamine (TEA), pH 8.0 ard the slides were washed
twice in 4 X SSC (10 min each) The 1 X SSC solution
consistal of 0.15 M sodum chloride and 0.015 M trisodium

2

citrate Following incubation with 50% (v/v) deioned
formamide2 X SSC solution at 42°C for 30 min, the sections
were incubaté with hybridization sdution which contaned
approxmately 0.5 pg/ml  DIG-labelled probes in
hybridization buffer (50% deioned formamide, 10% (w/v)
dextran sufate 1 X Denhards solution and 200 pg/ml tRNA
in 06 M NaCl 10 mM Tris-HCI, pH7.4 1 mM EDTA,
pH8.0) On ead slide 100 pl hybridization solution were
applied Slides were then incubateal in a humidfied chamber
at 42°Cfor 16 h.

After hybridization slides were seqentially washa with
50% (v/v) formamidef2 X SSC at 42°C (20 min X 3 times)
ard NTE buffer (05 M NaCl, 10 mM Tris-HCI, 1 mM
EDTA, pH 8.0) at 37°C (5 min). Then sectiors were treated
with RNa® A, 20 ug/ml, in NTE buffer at 37°C for 30 min,
foll owed by washing with NTE buffer at 37°C for 5 min, and
with 0.1 X SSC at 42°C (20 min X 3 times).

After washing with buffer 1 (0.1 M Tris, 0.15 M NacCl, pH
7.5) at RT for 1 min, the slides were incubaté with 5 % (w/v)
blocking reagent (Boehringer Mannheim GmbH, Germary)
in buffer 1 at RT for 30 min. Then the slides were incubated
in a humidified chamber overnight at 4°C with she@ anti-
DIG antibody conjugated with horseradib peracidase
(Boehringe Mannhém GmbH, Germany) diluted to 1:100 in
buffer 1 containirg 1% blocking reagent. Slides were then
washed with buffer 1 (15 min X 2 times) and PBS (5 min) at
RT. Finally, the immunoreactioa were visualized by
incubatng the sectiors with a DAB-H,O, solution [0.02%
(wiv) 3, 3-diaminobenzidine tetralydrochloride (DAB) and
0.00%% (v/v) H,0O,in 0.06 M Tris-HCI buffer, pH 7.6] for 30-
60 min. Slides were counterstaned with haematoxylin,
dehydrataed with alcohol, clearal with xylene and covered
with a coverslip before obsevation.

Negatve controls were conducted by the substitution of sense
for anti-sense probes or by the omission of anti-seng probes
in the hybridization solution The sectiors were observed
under a light microscop with a Victor TK-1270 RGB color

video camera (Victor, Tokyo) and a computer system Image-

Pro Plus 3.01 (Media Cybernetics™, Maryland, USA).

RESULTSAND DISCUSSION

Expressia of 1gG y-chain mRNA was cleaty detectd in all

the sectons hybridized with the anti-sense probes (Fig. 23 c,

and d), but not in the sectiors hybridized with sense probes
(Fig. 2b), nor in the sectbns incubat& with no probes (data
not shown). These IgG mMRNA-expressng cells are round or

ovd in shag (Fig. 2c). Almost no backgroud (non-specific)
stainirg was obsewed in ary of the sections suggestirg that
the currert procedue is useful to dete¢ specfically chicken

1gG y-chan mRNA.
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Fig. 2. Sectiors of chicken oviduct and splee hybridized with I9gG y-chain probes Arrows indicate examples of 1gG y-chan

mRNA-expressig cells E: mucosa epithelium L: lumen of oviduct S: mucosd stroma; SST: spem storag tubules R: red
pulp; W: white pulp. Scak bars represen50 um. (a) Low magnification view of the oviductd utemvagnd junction (UVJ)
after hybridizaion with 1gG y-chan ani-seng probes (b) Low magrification view of UVJ after hybridization with IgG y-
chain seng probes (c) Highe magnification view of UV J after hybridization with 19G y-chain anti-seng probes (d) Higher
magnfication view of the splea after hybridization with 19gG y-chai anti-seng probes.

Generally, the ISH protocd use in this study consistel of
five steps which were (a) the preparatio of probes (b)
preparatio of tisste sections (c) pretreatent of tissue
sectiors to increag the accessibiliy of probes to y-chan
MRNA, (d) hybridization of probes to the tissue and
posttybridization washes, ard () detectiom and visualization
of the nucleic acid hybrids We used RNA probes to 1gG y-
chain mRNA. Although three types of probes DNA, RNA
ard oligonucleotia probes are generaly used in ISH, RNA
probes are the bes and mos sensiive for detectig mRNA
transcrips becaus of the high thermd stability of the RNA-
RNA hybrids (1,6). Furthermore, in this study we used
digoxigerin for the labeling of RNA probes since
digoxigerin is a hgpten from plant and not animd cells,
unlike biotin which is presem in animd cells and which
interferes with the detecton of biotin-labelel probes (7). At

present high quality antibodies (she@ antiDIG Fab
fragment conjugated with horseralish peroxidase or alkaline
phosphatase) are commercially available (Boehringer
Mannhem GmbH, Mannheim Germany). All the features
of our methods would have contributed to the highly
sensitve detectim of spedfic 1gG y-chan mMRNA-
expressig cells.

In this study we usel freshly prepard 4% PFA to fix the
splea and oviduct tissues immedately after dissetion. The
natue of the fixative, its conentration and the fixation time
affed ISH resuls (1,6). It has been repored tha cross-
linking fixatives (aldelydes) lead to greate retention of
RNA in tisstes than do precipitatirg fixatives (alcohd and
acetong (1). Fixative conentration and fixation time must
be optimized to achieve a bette retention of RNA, ideal
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accessibily of the targe nuclec acids and proper
consewvation of tissue morphology. Generally pardfin
sectiors provide bette cytological resoluton than frozen
sections The glass slides mug be propery coatel with
silare (4) ard the tisste sectiors mug be fully dried (at 40°C
ovemight) on the slides to provide optimal adhesin of
tisste sectons and preven tissie loss during the entire
processespecialy during the long ard stringern washes

The purpo® of the pretybridization treament is to increase
the accessibiliy of the target nuclec acids while reduéng
the ISH background The main pretybridization treatnent
sters usel in this study were deproteinatia ard acetylation.
We tried proteinag K (PK) for deproteinatio at different
concentratins (1 pg, 2 ug, 10 pg/mi), differert temperatures
(RT or 37°C), ard for differert times (5, 10, 15 and 20 min).
We found that treammert of the tissues with PK at 2 pg/ml,
RT for 15 min producel ided resuls basel on both the
signal densit and the tissue morphology. We also obseved
that underdigestio reduce ISH sighak and overdigestn
cause the loss of morphologica detaik (or even loss of
tisste sectbns from the glass slide during ISH), as reported
by othe researchex(8, 9). It was reporteal tha aceylation of
tisste sectbns strongly increasd specifc ISH signals
comparad to nonacetylatel sectiors (6). Baungartt et al.
als showed that aceylation of tisste sectbns could reduce
the badkground hybridization (1). Our resuts presentd here
suppott their obsevations Furthermore, we have found that
acdylation could alo effectively improwe the ISH signals
when using PCR generatd (DNA) probes (unpublished
data).

Hybridization mug be carried out unde conditiors which
are favorabk for the annealig of the probe to its target
nuclkeic acid and unfavorabke for nonspecfic annealing.
Severafactors affect the stability of the hybrids formed As
mentione before, RNA-RNA hybrids formed betwveen RNA
probes and target RNA are the mog stabk type of nuclic
acid hybrids In addition the RNA probes usel in this study
were 200 basa long and their GC contert was 68% (Fig. 1).
Thes characteristis of the probes would contribue to the
increag in the aceessibility of probes and the stability of the
hybrids. We used moderaé hybridization temperatire
(42°C), low to medium probe concentration (0.5 pg/ml) and
along incubation time (16 h) for the ISH. Since RNA probes
easiy adhere to more than just their complementay RNA
(10), the subsequent high stringency washes and RNase
treatment would have deletal or decrease the nonspecific
associationsAny singlestrande RNA was degradd by
RNase but the double-stranded RNA-RNA hybrids were
RNa® resdstant (1), thus the hybridization conditions,
postlybridization washes ard RNa% treatmem contributed
to the increag of signd and decreas of backgroun staining
in this study.

4

For the detectim of ISH signals POD-labelal Fab
fragnent ard anti-DIG antibodies were used which could
penetrag into the tisste sections mud bette than the large
complexes of complete antibodies coupled to POD.
Furthermore, owing to the coupling of several Fab fragments
to the same hgpten (digoxigerin), a signal amplification was
also acheved (1).

In conclusionthe ISH methal reportal here allows sendtive
ard efficient detecton of chicken 1gG heaw chain y gene
expressia in pardfin sections Specid attertion was paid to
the selection of probes preparatio ard pretreament of
tissue sectons, hybridization  condtions, and
postltybridization washes in orde to achiewe ided ISH
resuts.
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PROTOCOL

1. Reagents
All soluions should be prepaed with diethyl-pyrocarbonat (DEPC)-treatel doubk distilled H,O (ddH,O). Add 0.1% (v/v)
DEPC into ddH,O ard let it stand for 3-4 h with shaking. Then inactivate the DEPC by autoclaving.

1.

20% paraformaldehyde (PFA): Dissole 20g PFA in abaut 50 ml PBS at 50-60°C with stirring. Add several
drops of 5 N NaCH to dissolve PFA thoroughly, then add equal volume of 5N HCI. Finally add PBS to make the
volume to 100 ml. After filtration, store at 4°C for use within 30 days Dilute the stodk to 4% working solution
with PBS before use.

PBS buffer: 0.1 M NaCl, 0.01 M NaH,PQO,, pH 7.4.

TE buffer: 10 mM Tris, 1 mM EDTA, pH 8.0.

100 x Denhart’s solution:

Ficoll (type 400, Pharmacia) 29

Polyvinylpyrolidone: 29
Bovine selum albumin: 29
ddH,0O to 100 ml

Filtrate throuch a0.22 um sterile filter. Store at 4°C.
Hybridizatio n buffer

BoOow~No

Stocks 1,00 pl buffer Final concentration
Pure deianized formamide 500 pl 50%

5M NaCl 120 pl 06M

2M Tris-HCl, pH7.4 5ul 10 mM
0.5M EDTA, pH8.0 2 ul 1mM
tRNA (10 mg/ml) 20 ul 200 pg/mi
100xDehart’'s 0ul 1x

50% Dextransulfate 200 pl 10%

20% SDS 10 pl 0.2%

dd H,O 133 pl

NTE buffer: 0.5 M NaCl, 10 mM Tris, 1 mM EDTA; pH 8.0.

Buffer 1: 0.1 M Tris, 0.15 M NaCl; pH7.5.

Blocking reagen (Boehringe Mannheim GmbH, Germany), preparé accading to the manudacturés direction.
Anti-DI G antibody-conjugated with peroxidase (Boehringer Mannhem GmbH, Germany).

Color development solution:

0.056 M Tris (pH7 6): 10 ml
5% H,0,: 10 pl
2% DAB: 100 ul (DAB:3,3 -diaminobenzidinetetralydrochloride.)

2. In situ hybridizatio n protocol
Unless statel othawise, all the operatios were conducte at 20°C.

1.

Make pardfin sectbns on silane-coatd glass slide Dry the sectiors at 40°C overnight.

Prelybridization treatrent

2. Depardfinize and rehydrate Pure xylene: 5 min x 3 times 100% ethanol: 5 min x 3 times 90%, 80% 70% and
50% etharol: 5 min each. PBS: 10 min.

3. Proteinas K treament: 2 ug/ml in PBS for 15 min.

4. Incubae in PBS contairing glycine (2 mg/ml) for 10 min.

5. Wash in PBS, 3 min x 2 times.

6. Acetlylise by hanging the slide holder into a 500 ml be&er, into which add 400 ml 0.1 M triethanolamine. Mix
the sdution with stirring. Add 1 ml acett anhydrate drop by drop in 5 min. Then confnue stirring for anothe 15
min.

7. Wadsh with 4 x SSC, 10 min x 2 times.

Hybridization

8. Incubat the sectiors with 50% deionizeal formamide/2x SSG 150 pl/section at 42°C for 30 min to inhibit non-

specfic absorptio of probes.
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9.

10.

11.

7

Prepae hybridization buffer and incubat it at 85°C watea bah for 10 min, then cod on ice. Add probes (0.5
pg/ml) into the buffer, mix well, incubat the mixture at 85°C in a wate bah for 3 min to denatue the probes,
then cod onice.

Add 100 pl probe solution from above step on eat sectbn to cover the tissue properl. Plae the sectims in a
box wetted with 50% formamide/2x SSC solution. Cover the box thoroughly to prevent drying.

Incubat at 42°C for 16 h.

Post-tybridization washing

12.
13.
14.
15.
16.

Wash the sectbonsin 50% formamide/2XSSC at 42°C, 20 min x 3 times.
Wash in NTE buffer at 37°C for 5 min.

Tred the sectiors with RNase A in NTE buffer, 20 pg/ml, at 37°C for 30 min.
Wash in NTE buffer at 37°C for 5 min.

Washin0.1x SSC at 42°C, 20 min x 3 times.

Detection of signds

17.
18.
19.

20.

21.
22.

23.

Equilibrat the sectbns in buffer 1 for 1 min.

Block the sectbnsin buffer 2 (buffer 1 with 5% blocking reagent) for 30 min.

Incubat the sectiors at 4°C overnight with she@ anti-DIG-antibady corjugatel with peroxidasediluted 1:100
with buffer 1 containing 1% blocking reagent.

Wasd the sectbnsin buffer 1, 15 min x 2 times.

Equilibrate the sectbnsin PBS for 5 min.

Incubate the sectiors with DAB color development solution. Chedk the color development under a microscope.
When the brown signd is den® and the backgroun is low, st the reaction by immersirg the sectons into

running wate.

Stan the backgroun with haenatoxylin briefly, dehydra¢ with ascendirg ethanol, clea with xylene ard mount
as usual.
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