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The precise localization of the heat shock protein(HSP)70 family on follicular dendritic cells(FDC)

is not fully understood. The aim of the present study was to clarify the expression of both the inducible
 

and constitutive 72/73kDa HSP 70 protein on FDC.The expression of heat shock protein(HSP)72/73 on
 

FDC in various lymphoid follicles was investigated. Immunohistochemically,HSP72/73 was detected on
 

FDC in all the lymphoid tissues and showed extensive labeling of the light zone. Immunoelectron
 

microscopy also confirmed that HSP72/73 was located not only diffusely in the cytoplasm but was also
 

dotted in the nucleus of FDC.Although mantle zone lymphocytes and vascular walls in lymphoid follicles
 

were faintly HSP72/73 positive, the germinal center lymphocytes were all negative. Finally, in situ
 

hybridization demonstrated distinctive follicular expression of HSP70 mRNA. These data clearly
 

indicate that HSP72/73 is ubiquitously expressed on FDC, although the significance of HSP 72/73
 

expression on FDC remains a mystery.
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INTRODUCTION
 

In response to environmental,physiological,

pathological,and chemical stresses,cells synthe-

size a kind of protein,called heat shock proteins

(HSP) or stress proteins, that serve to protect
 

cells from stress by mediating protein folding and
 

assembly. HSP are induced not only during
 

stress but are also constitutively expressed at
 

low levels under normal physiological condi-

tions . HSP are also known to act as molecular
 

chaperones and to mediate various events from
 

protein synthesis to degradation,as well as being
 

involved with translocation through membranes,

refolding after denaturation, and regulation of
 

protein function . The 70 kDa HSP family is
 

composed of the 72 kDa inducible HSP70 and the
 

73 kDa as the constitutive HSP70(HSP72/73),the
 

75 kDa mitochondrial HSP70(GRP75),the 78 kDa
 

endoplasmic reticulumHSP70 (BiP,GRP78),and
 

the 72 and 74 kDa peptide-binding HSP70

(PBP72/73) . Various reports have emphasized
 

the significance of HSP70 expression in diseases

(viral,bacterial or parasitic infections,or fever,

inflammation,malignancy or autoimmunity) .

The chaperone function of HSP70 might indicate
 

a role in antigen processing and presenting .

When foreign particles are taken up by antigen
 

presenting cells (APC), protein antigens are-

proteolytically degraded. Binding of the result-

ing peptides to HSP70 might rescue them from
 

total degradation and preserve them to be trans-

located through cell membranes for further
 

antigen presentation . The peptide binding
 

domain of HSP70 is similar to the major his-

tocompatibility complex (MHC).

Furthermore, antibodies to HSP70 inhibit
 

antigen-presentation . Secondary lymphoid
 

follicles contain two types of dendritic cells,fol-

licular dendritic cells (FDC)and germinal center
 

dendritic cells . FDC are one of antigen retain-

ing cells within the lymphoid follicles(LF). FDC
 

trap and retain antigens in the form of immune
 

complexes on their cell surfaces for long periods
 

by complement activation and are closely as-

sociated with the clonal expansion,selection and
 

differentiation ofB cells . FDC also help to
 

maintain follicular structure with their intricate,

entangled and arborizing cytoplasmic proces-

ses .
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To our knowledge, there are no published
 

papers confirming the precise expression of
 

HSP70 family on FDC in various lymphoid tis-

sues, although previous reports have suggested
 

that there is a close relationship between the
 

HSP70 family and APC . The aim of the
 

present study was to clarify the expression of
 

both the inducible and constitutive 72/73kDa
 

HSP70 proteins on FDC in secondary LF using
 

immunohistochemistry, immunocytochemistry,

immunoelectron microscopy,and in situ hybridi-

zation. We demonstrate here the ubiquitous
 

expression of HSP72/73 on FDC.

MATERIALS AND METHODS

 

Specimens  with secondary LF were
 

examined,these included palatine tonsils from 10
 

patients with chronic tonsillitis,cancer-free gas-

tric mucosa from 6 patients with gastric cancer,

terminal ileal mucosa from 4 patients with colon
 

cancer,appendical mucosa from 8 patients with
 

acute appendicitis and tubal pregnancy, spleens
 

from 5 patients with idiopathic thrombocytopenic
 

purpura,and neck lymph nodes from 9 patients
 

with reactive lymphadenitis. Warthin’s tumor(3
 

cases),chronic sialoadenitis(3 cases),Hashimoto’

s disease(5 cases),and Kimura’s disease(3 cases)

were also examined.

Tissue specimens were fixed with periodate-

lysine-2% paraformaldehyde(PLP)at 4℃for 6 h,

and rinsed with a graded sucrose solution in 0.01
 

M phosphate-buffered saline(PBS),pH 7.4. For
 

immunohistochemistry and in situ hybridization

(ISH), PLP-fixed tissue specimens were embed-

ded in Tissue-Tek II optimal cutting temperature
 

compound (Miles Inc., Elkhart, IN), frozen in
 

acetone cooled with dry ice and stored at－80℃.

The primary antibodies used for immuno-

chemical staining in this study were:anti-

HSP72/73 antibody (W27, mouse IgG2a;On-

cogene Science,Uniondale,NY,USA),anti-FDC
 

antibody (R4/23,mouse IgM ;DAKO, Glostrup,

Denmark), anti-CD23 antibody (MHM6, mouse
 

IgG1;DAKO), anti-CD20 antibody (L26, mouse
 

IgG2aκ;DAKO),anti-CD45RO antibody(UCHL
-1,mouse IgG2a;DAKO), anti-CD62L antibody

(SK11, mouse IgG2a;Becton Dickinson, Moun-

tain View,CA,USA),and anti-CDw75 antibody

(LN-1,mouse IgM ;Nichirei,Tokyo).

PLP-fixed tonsillar tissues were cut into 200
 

m-thick slices using a microslicer (D KT-1000,

Dosaka EM,Kyoto). The GC of the sections were
 

enucleated under a stereoscope and digested with
 

collagenase(class IV,450 U/ml,Sigma Chemical
 

Company,St Louis,MO,USA)in PBS at 37℃for
 

30 min under gentle,constant stirring. The cell
 

suspension was washed with PBS, passed
 

through a 100 m nylon cell strainer (Becton
 

Dickinson) to remove any non-digested tissue
 

debris,and mounted on silane-coated glass slides
 

using a cytospin centrifuge(Shandon,Pittsburgh,

PA,USA)at 1500 g for 5 min. These cytospin
 

preparations were used for immuno-cytochemical
 

double staining to identify the presence of
 

HSP72/73 on FDC and to evaluate whether the
 

cell suspension contained GC B and T cells ex-

pressing CD20, CD45RO, CD62L and CDw75.

More than 90% of the lymphocytes outside the
 

clusters were positive for CD20 and CDw75,and
 

less than 5% were positive for CD45RO and
 

CD62L. Therefore, the lymphocytes in the cell
 

suspension were considered to be have come from
 

the GC.

The GC enucleated from PLP-fixed tonsillar
 

tissues were digested with collagenase(class IV,

450 U/ml, Sigma) and deoxyribonuclease I (28
 

kU/ml, Sigma) in PBS at 37℃for 1 h under
 

gentle,constant stirring. The cell suspension was
 

washed with PBS and passed through a 133μm
 

nylon mesh. A discontinuous density gradient
 

was prepared using Patho-o-cyte 5 (Miles Labo-

ratories,Elkhart,IN,USA)with PBS adjusted to
 

the densities 1.052 g/ml and 1.030 g/ml. The
 

higher density Patho-o-cyte solution (6 ml)was
 

placed in a centrifugation tube and overlaid with
 

the lower density solution (4 ml). Four ml of the
 

cell suspension(100-200 x 10 cells/ml)was layer-

ed onto the top of the tube and centrifuged at
 

8500g for 1 h. The interphase between the 1.052
 

and 1.030 g/ml solutions was collected. Cells
 

were washed with PBS and incubated with anti-
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FDC antibody (Ki-M4, mouse IgG2a ;

Biomedicals AG, Rheinstrasse, Switzerland)

overnight at 4℃. The cell preparation was then
 

washed with PBS and incubated with dynabeads
 

coated with sheep anti-mouse IgG antibody

(Dynal A.S.,Oslo,Norway)for 1 h at 4℃ on the
 

rotary mixer. The cell preparation was held
 

stationary for 1 min under a magnetic field(MPC
-1, Dynal A. S.). Supernatant containing un-

labelled cells was removed, while cells coated
 

with dynabeads were retained and then incubated
 

with chymopapain (200 pKat/0.12 U/ml,Sigma)

for 20 min at 37℃ in a rotary mixer. They were
 

then held again under a magnetic field 2 min.

Supernatant containing the purified FDC was
 

collected and centrifuged at 1000 g for 5 min.

Cytospin slides were prepared for immunocyto-

chemical double staining.

Lymphoid tissues and diseased tissues were
 

stained using immunohistochemical techniques.

The avidin-biotin immunoperoxidase complex

(ABC)method was performed. PLP-fixed 5μm
 

cryostat sections were incubated for 45 min at
 

4℃with 0.3% hydrogen peroxide in methanol to
 

block the endogenous peroxidase activity, and
 

then with 10% skim milk (Snow Brand,Sapporo)

in PBS for 15 min. The sections were incubated
 

with anti-HSP72/73 antibody overnight at 4℃in a
 

humidified chamber. After washing,biotinylated
 

F(ab’) fragments of affinity-isolated rabbit anti-

mouse immunoglobulins (DAKO) were applied
 

for 2 h,followed by application of ABC complex

(Vectastain, ABC Elite;Vector Laboratories,

CA,USA)for 30 min. Samples were then treated
 

with the chromogen,3,3’-diaminobenzidine tetra-

hydrochloride (DAB ; Dojindo Chemicals,

Kumamoto). Finally,the sections were counter-

stained with methyl green.

As a negative control, sections prepared by
 

serial sectioning were stained according to the
 

same procedure using PBS or mouse IgG1,IgG2
 

or IgM (DAKO)in stead of the primary antibody.

The immunoreaction was graded as negative

(－),partially positive (＋/－),weakly to moder-

ately positive (＋), and strongly positive (＋＋).

The secondary LF were divided into five zones:

the mantle zone, outer zone, apical light zone,

basal light zone,and dark zone. The margin of
 

each zone was decided based on the light micro-

scopic findings of hematoxylin and eosin staining
 

and CD23 immunostaining of serial PLP-fixed
 

sections.

For immuno-chemical double staining, the
 

first ABC method staining was visualized with 3-

amino-9-ethylcarbazole (AEC) to identify
 

HSP72/73. Tissue section-and cytospin-slides
 

were t hen immersed in 0.2 M glycine-HCl for 2
 

h to elute the primary antibody,before staining
 

by the immunoalkaline-phosphatase method to
 

identify FDC;tissue section-and cytospin-slides
 

were incubated with anti-FDC antibody (R4/23)

overnight at 4℃, and, after washing, alkaline-

phosphatase conjugated F (ab’)fragments of
 

affinity-isolated goat anti-mouse IgM (H＋L)

(American Qualex,San Clemente,CA,USA)were
 

applied for 2 h. The chromogen, 5-bromo-4-

chloro-3-indolyl-phosphate and nitroblue tetr-

azolium chloride (BCIP/NBT)were then added
 

in the dark under microscopic control.

The PLP-fixed tonsillar specimens cut into
 

50μm-thick slices with a microslicer were used
 

for the indirect immunoperoxidase method. The
 

sliced specimens were immersed in bovine serum
 

albumin (Sigma) for 2 h at 4℃, and then anti-

HSP72/73 antibody was applied for 24 h at 4℃.

After washing, the specimens were incubated
 

with horseradish peroxidase-conjugated F (ab’)

fragments of affinity-isolated rabbit anti-mouse
 

IgG (H＋L)(American Qualex)for 2 h at 4℃,and
 

the staining was visualized with DAB. After
 

refixing with 1.25% glutaraldehyde for 30 min
 

and 2% osmium tetroxide for 2 h at 4℃, the
 

specimens were dehydrated through graded alco-

hols and embedded in epoxy resin. Ultra thin
 

sections were prepared using an ultramicrotome

(Porter-Blum, Sorvall, CT, USA), and observed
 

under a Zeiss EM109 electron microscope (Carl
 

Zeiss,Oberkochen,Germany).

A complementary DNA probe for the
 

human heat shock 70 kD protein 1 purchased
 

from American Type Culture Collection (Rock-
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ville, MD, USA) was labeled with digoxigenin
 

using a Nick Translation Kit (Boehringer Mann-

heim GmBH,Mannheim,Germany).

PLP-fixed 5μm-thick cryostat sections were
 

baked overnight at 55℃. The sections were
 

rehydrated in PBS for 15 min,immersed in 0.2 M
 

HCl for 10 min, and incubated in 10μg/ml
 

proteinase-K in 100 mM Tris, pH 8.0, 50 mM
 

EDTA at 37℃for 10 min. After three 5 min
 

washes in PBS to arrest proteolysis, sections
 

were immersed in 4% paraformaldehyde for 10
 

min, followed by two 15 min washes in 0.1 M
 

glycine in PBS. Sections were dehydrated
 

through graded alcohols and air-dried. Hybridi-

zation mixture (50μl) containing digoxigenin-

labeled DNA probe at a final concentration of 1.

0μg/μl hybridization buffer (Intron Lab. Inc.,

Tokyo,Japan)was boiled for 10 min and cooled
 

quickly. The mixture was applied to the sections
 

and covered with individual siliconized covers-

lips and incubated in a humidified chamber over-

night at 55℃. Following hybridization,the cover-

slips were removed in 2 x SSC (1 x SSC:stan-

dard saline citrate,0.15 M sodium chloride,0.03
 

M sodium citrate), and excess probe was
 

removed by thorough washing in 50% formamide
 

2 x SSC twice for 30 min each at 45℃,2 x SSC
 

twice for 15 min each at 45℃and 0.2 x SSC twice
 

for 15 min each at room temperature. Im-

munological detection was performed using a
 

Digoxigenin Detection Kit (Boehringer Mann-

heim Biochemical). In brief, sections were wa-

shed in buffer 1(100 mM Tris-HCl,150 mM NaCl,

pH 7.5), followed by incubation in buffer 1
 

containing 0.5% blocking reagent for 30 min.

After washed in buffer 1, alkaline-phosphatase
 

conjugated polyclonal sheep anti-digoxigenin
 

Fab fragment antibody diluted 1:1000 in buffer 1
 

was applied to each section,and incubated in a
 

humidified chamber for 1 hr. After washing in
 

buffer 1,sections were immersed in buffer 3(100

 

mM Tris-HCl,100 mM NaCl,50 mM MgCl2,pH
 

9.5). A color reaction was performed with BICP/

NBT in the dark under microscopic control. The
 

reaction was stopped in distilled water and the
 

sections were mounted in Crystal-Mount (Cosmo
 

BioChemicals,Tokyo).

As a negative control, sections were hybridized
 

with hybridization buffer instead of cDNA probe
 

by the same procedure.

As a positive control, sections were hybrid-

ized with fluorescein isothiocyanate (FITC)

labeledα-actin probe, followed by alkaline-

phosphatase conjugated anti-FITC antibody and
 

BICP/NBT as a substrate.

RESULTS

 

The results of HSP72/73 immunostaining in
 

each of the five follicular zones are summarized
 

in Table 1.HSP72/73 was detected on any FDC,

showing a reticular network pattern in the secon-

dary LF (Fig.1A,1B,1C & 1D). The light zone
 

was stained more intensely than other zones(Fig.

1C), while the dark zone was sparsely stained

(Fig.1D). Not only the cytoplasm,but also the
 

nuclei of FDC were diffusely labeled. However,

HSP72/73 was not detected on any lymphocytes
 

in the GC. The cytoplasm of some MZ
 

lymphocytes was also labeled faintly(Fig.1 B).

After immunohistochemical double staining,

HSP72/73 visualized with AEC was present
 

throughout the cytoplasm and in the nuclei of
 

FDC with cell surfaces colored by anti-FDC anti-

body (R4/23)and BCIP/NBT (Fig. 2). In addi-

tion,a dotted reaction was stressed in the nuclei,

corresponding to expression in the nucleoli.

There were no marked differences in
 

HSP72/73 positivity in the secondary LF between
 

tonsillar tissues and other lymphoid tissues,
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Fig.1. Immunostaining of HSP72 73 in a tonsillar lymphoid follicle(LF).(A)High power view
 

of a secondary LF.A positively-labeled reticular meshwork was seen in the LF,and the
 

light zone(LZ)was intensely labeled,while the positive reaction was relatively sparse
 

in the dark zone(DZ). The mantle zone(MZ)was faintly labeled. Tonsillar epithelium
(Ep)was densely labeled.(B)High power view of the mantle zone(MZ),outer zone(OZ)
and apical light zone(ALZ).MZ lymphocytes were labeled faintly. Cells in the OZ and

 
ALZ were positive in the reticular pattern.(C)High power view of the basal light zone.
Note the extensively labeled reticular meshwork pattern. No distinct positive reaction

 
was found on any germinal center lymphocytes.(D)High power view of the dark zone.
The positive reaction was relatively sparse in this zone. Counterstained with methyl

 
green.(Original magnification (A)120x,(B)640 x,(C)640 x,(D)640 x)
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Fig.2. Double immunostaining  for
 

HSP72 73 and R4 23 in a tonsillar
 

lymphoid follicle. FDC colored
 

with BCIP NBT (black)showing a
 

reticular meshwork in the light
 

zone (LZ) and mantle zone (MZ)
that  simultaneously express

 
HSP72 73, visualized with AEC
(red)in the cytoplasm and nucleus.
Note the dotted reaction in the

 
nuclei. (Original magnification 400

 
x)

Fig.3. Immunostaining of HSP72 73 in lymphoid follicles (LF)
in neck lymph node(A),Hashimoto’s thyroiditis (B)and

 
spleen (C). Similar to tonsillar LF, HSP72 73 was

 
detected in germinal centers, showing a reticular me

 
shwork pattern, and faintly in the mantle zone. Scat

 
tered positive cells are found in the paracortex and

 
lymphatic sinuses (A). A positive reaction is also found

 
on thyroid follicular epithelium surrounding LF (B)and

 
splenic vascular wall(asterisk)(C). Counterstained with

 
methyl green.(Original magnification(A& C)180 x,(B)
120 x)

-
-
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although some minor differences in the intensity
 

and distribution of the immunoreactivity were
 

observed (Fig.3A,3B & 3C).

Immunocytochemical  double staining
 

showed that HSP72/73 was present within FDC-

associated lymphocyte clusters,with simultane-

ous and extensive labeling of the cytoplasmic
 

extensions of FDC with R4/23 (Fig. 4A). How-

ever,the lymphocytes in and outside the clusters
 

in the GC were not labeled. HSP72/73 was

 

detected in the cytoplasm and nucleus of isolated
 

FDC (Fig.4B).

Immunoelectron microscopy revealed that
 

HSP72/73 was diffusely and evenly distributed in
 

the cytoplasm and in the nuclei of FDC,but all
 

GC lymphocytes were negative for HSP72/73

(Fig.5A & 5B). Nuclear dotted staining in FDC
 

indicated nucleolar staining.

Fig.4. Double immunostaining for HSP72 73 and R4 23 in an FDC-associated lymphocyte
 

cluster (A)and in an isolated FDC (B). Red colored FDC with anti-HSP72 73 and
 

AEC simultaneously express R4 23, visualized with BCIP NBT (black). The
 

lymphocytes in and outside the clusters in the GC were not labeled(A). A binucleated
 

FDC (arrow) expresses HSP72 73 in the cytoplasm and nucleus (B). (Original
 

magnification (A)730 x,(B)960 x)

Fig.5. Immunoelectron microscopy of HSP72 73 in the tonsillar light zone. (A) Negative
 

control replacing the primary antibody with PBS. (FDC)follicular dendritic cell. (B)
The cytoplasmic cytosol of mononuclear (mFDC) and binucleated (bFDC) FDC is

 
diffusely labeled. The nuclei of FDC are faintly labeled with a dotted nucleolus. Note

 
the absence of distinct staining of the surrounding lymphocytes.(Original magnification

 
A;3600 x,B ;2400 x)
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In situ
 

HSP70 mRNA was detected as a reticular
 

meshwork in the cytoplasm of cells in the LF and
 

revealed denser labeling of the light zone than of
 

other follicular zones(Fig.6),which is similar to
 

the staining pattern of its protein. Almost all
 

follicular lymphocytes, including those in the
 

mantle zone,were negative. Some vascular walls
 

in the GC were faintly positive for HSP70 mRNA

(Table 2).

DISCUSSION
 

In all the LF examined in the present study,

HSP72/73 was detected in the cytoplasm and
 

nuclei of FDC,showing denser staining predomi-

nantly in the light zone,whereas the lymphocytes
 

were HSP72/73 negative. Dense staining of the
 

light zone may have been due to the higher fre-

quency of FDC in this zone, compared to the
 

other zones. The follicular localization and
 

staining intensity of HSP72/73 were similar
 

among the lymphoid tissues examined,although
 

some minor differences were recognized. These
 

differences may include the relatively difficul
 

preparation of tissue to simultaneously reveal
 

five follicular zones in the same section. It should
 

be stressed that antigen-stimulated LF are the
 

professional site of generation of antigen-specific
 

memory B cells and plasmablasts . The pres-

ent study, for the first time, has demonstrated
 

that the inducible and constitutive stress proteins
 

HSP72/73 and HSP70-m RNA were ubiquitously
 

expressed in the LF and were almost exclusively
 

expressed by FDC in the GC.

There are no previous reports describing the
 

subcellular localization of HSP72/73 on FDC.

The present light-and electron-immunochemical
 

results demonstrated a diffuse cytoplasmic distri-

bution of HSP72/73 in the FDC cell body and,in
 

addition, a dotted nuclear pattern of HSP72/73
 

staining was seen. The latter indicates that the
 

HSP72/73 protein localizes in the nucleoli,which
 

is thought to occur in response to some stimuli or
 

stresses. HSP70 that is usually present in the
 

cytoplasm is translocate and accumulates in the
 

nuclei and especially in the nucleoli during stress,

and then gradually returns to the cytoplasm after
 

the stress is relieved. HSP70 associates with
 

partially denatured proteins and protein aggre-

gates in the nuclei,repairs them and then dissoci-

Fig.6. In situ hybridization of HSP70
 

mRNA in a tonsillar lymphoid folli
 

cle. Intense signaling visualized with
 

BCIP NBT is detected in the
 

lymphoid follicle, especially in the
 

light zone (LZ). The reaction is
 

negative or faint in the mantle zone
(MZ)and dark zone(DZ). There is

 
additional reticular staining in the

 
extrafollicular area above the man

 
tle zone,although its significance is

 
not  clear. (Originalmagnification

 
120x)

-

-
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ates from them .

HSP overexpressed by stress protects cells
 

against stress-induced apoptosis, although it is
 

unclear whether HSP itself play a role in prevent-

ing apoptosis. HSP as molecular chaperone
 

binds to denatured,misfolded or aggregated pro-

teins and subsequently assist the proteins to
 

renature, refold or be removed. Recent studies
 

indicate that HSP may affect the agents of
 

regulating apoptosis, the inflammatory cyto-

kines,including tumor necrosis factor-α ,inter-

leukins-1, -6, and-10 , and nuclear factor-

kappa B . The latter is expressed on FDC .

FDC are more resistant to stresses, including
 

irradiation, than GC lymphocytes and, in fact,

apoptosis of FDC has never been observed.

Furthermore, it is stressed that some HSP are
 

essentialfor cell viability under normal condi-

tions of growth .

HSP70 family proteins transport  the
 

degraded antigen to the rough endoplasmic
 

reticulum in the antigen-presenting  cells

(APC) . Two members of the HSP70 family,

BiP and PBP72/74, relate to the expression of
 

MHC molecules. FDC,however,do not internal-

ize and process antigen. It is speculated that
 

exogenous antigens, such as the HSP70-peptide
 

complexes,may be taken-up by APC either non-

specifically or possibly through a receptor spe-

cific for the HSP . In GC,B lymphocytes may
 

take up the HSP70-immune-complexes.

Although HSP72/73 may play a role as a chaper-

one in FDC,the immunological relation between
 

HSP72/73 and FDC is unclear. The precise sig-

nificance of HSP72/73 expression on FDC still
 

remains a mystery.

We demonstrate here that FDC ubiquitously
 

express the protein and mRNA of HS P72/73 in
 

all lymphoid tissues, whereas GC lymphocytes
 

are HSP72/73 negative,suggesting that HSP72/

73 expression is specific for FDC,except vascular
 

walls within the GC. Moroi Y, et al. have
 

recently described the induction of cellular immu-

nity by immunization with novel hybrid peptides
 

complexed to HSP 70. The present study may
 

provide some suggestions to the augmentation of
 

FDC-related germinal center response with HSP
 

70 family.
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