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FIGURE 7. T cells isolated from 12-day tumor-draining LNs were an-
alyzed for the expression of CD80 or CD86. CD4™" T cells positively selected
with magnetic beads were three-color-stained with FITC-labeled anti-CD80
mAb or FITC-labeled anti-CD86 mAb in the presence of PE-labeled anti-
CD62L mAb and PerCP-labeled anti-CD25 mAb. Gated CD62L"8*CD4*
CD25%, CD62LME"CD4+CD257,CD62L°VCD4TCD25%, or CD62LP
CD4*CD25™ T cells were analyzed for CD80 or CD86 expression. A total of
107 cells were analyzed for each sample.

CD62L""CD4+ CD25" regulatory T cells suppress effector
CD4™ T cell functions via CD86/CTLA-4 T-T interactions

It has been reported that an inhibitory Ab against CTLA-4 could
abrogate the induction of suppression by CD4"CD25™ Treg, and
CTLA-4 expressed on Treg was thought to be important for this
phenomenon (27). However, the mechanism by which Treg deliver
a regulatory signal to effector T cells is still unclear. We examined
the expression of CD80 and CD86 on fractionated tumor-draining
LN T cells. Unexpectedly, only the CD62L"2"CD4+CD25% T
cells had a subpopulation that expressed CD86 (Fig. 7).
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CD62L°"CD4* or CD62LM8*CD4*CD25™ T cells did not ex-
press a detectable level of CD86 even after stimulation with CD3
(data not shown). Next, we tested whether CD86 on regulatory T
cells participates in the suppression of T cell functions. CD62L'""
T cells and CD62L"2"CD4"CD25" Treg cells were stimulated
with immobilized anti-CD3 mAb in the presence or the absence of
an inhibitory mAb against CD80, CD86, or CTLA-4. Anti-
CTLA-4 as well as anti-CD86 inhibitory mAb prevented the sup-
pression of CDG62L"YCD4* T cells induced by
CD62LM8*CD4*CD25 ™" Treg cells, whereas anti-CD80 inhibitory
mADb or isotype-matched irrelevant Abs did not have any influence
(Fig. 8a). However, blockade of CTLA-4 or CD86 could not re-
verse the suppression of CD62L'°*CD8" LN T cells (Fig. 8b).

Discussion

In this study we demonstrated that both effector T cells and Treg
cells are primed in the same LNs that drain growing MCA 205 s.c.
tumors. The antitumor effector T cells in tumor-draining LNs
belong to a subpopulation that down-regulated CD62L expression,
as we previously demonstrated (11, 14). In contrast, the
CD62L"2*CD4*CD25™ subpopulation in tumor-draining LNs ab-
rogate the in vivo antitumor therapeutic efficacy of CD62L.'°Y an-
titumor LN T cells (Fig. 1). Kinetic analyses indicate that
CD62L."E"CD4*CD25™ Treg proliferated in tumor-draining LNs
during tumor progression (Fig. 6). Data obtained in vitro reveal
that the Treg generated in tumor-draining LNs to abrogate antitu-
mor reactivity possess the same functional properties and level of
foxp3 expression as the Treg that naturally arise in the thymus to
maintain self-tolerance (Figs. 2--5).

CD62L " CD4"CD25™ T cells derived from spleens of naive
mice could not abrogate antitumor reactivity in vivo (Fig. 1).
Moreover, Treg cells from naive mice did not inhibit the produc-
tion of IFN-vy by antitumor effector T cells upon Ag stimulation by
DCs acquired from apoptotic tumor cells (Fig. 2b), even though
they had comparable suppressive activity as the Treg cells gener-
ated in tumor-draining LNs upon nonspecific CD3 stimulation.
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FIGURE 8. Proliferation assay of T cells in the presence or the absence of a blockade between CD86 and CTLA-4. CD62L'°¥CD4* or CD8* T cells
(1 X 10°) were cocultured with 5 X 10* CD62LP2"CD4*CD25"% T cells in 200 ul of CM on 96-well plates with immobilized anti-CD3 mAb for 48 h.
T cells were isolated from LNs draining MCA 205 s.c. tumors for 12 days. To inhibit the interaction between CD86 and CTLA-4, anti-CD86 mAb or
anti-CTLA-4 mAb was added to the medium at 10 pg/ml during the 48 h of stimulation. T cells were recultured in 1 ml of CM supplemented with 10 U/ml
IL-2 on 24-well plates at 1 X 10°%/ml As a control, anti-CD80 mAb, rat IgG, or hamster IgG was added at the same concentration. Three wells were
examined for each condition, and cells were enumerated every 24 h. The y-axis indicates the fold increase in number on day 2. *, p << 0.01.
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Hence, it is likely that Treg are required to receive TCR/CD3
signaling to interfere with the function of effector T cells and that
the Treg generated in tumor-draining LNs recognize tumor-asso-
ciated Ag.

Although it has been demonstrated that CD62LME"CD4*
CD25" T celis possess superior regulatory activity in several sys-
tems, CDG2L'"YCD4*CD25* T cells were still considered Treg
cells (15, 16, 18). However, the differences in foxp3 expression and
priming kinetics suggest that the CD62L'¥CD4*CD25% T cell
subpopulation in tumor-draining LNs is distinct from
CD62L"E"CD4*CD25™ T cells (Figs. 54 and 6). CD62L'"¥CD4*
CD25" T cells produced even more IFN-y than CD62L'™
CD47CD25™ T cells upon CD3 stimulation (Fig. 4). Furthermore,
CD62L'°%CD4"CD25" LN T cells mediated antitumor efficacy in
vivo (Fig. 1). These results indicated that CD62L'"CD4"CD25"
T cells are effector T cells that express CD25 because of recent
TCR stimulation before clonal expansion in LNs.

Little is known about the trafficking of Treg cells; however, our
study shows that Treg cells generated in tumor-draining L.Ns have
an up-regulated expression of CD62L, VLA-4, and LFA-1 (Figs. |
and 5B). CD62L recognizes specific ligands on high endothelial
venules and is considered the homing receptor for secondary lym-
phoid tissues (30). In contrast, VLA-4 and LFA-1 are thought to
play a central role in T cell trafficking to inflammatory sites by
recognizing VCAM-1 and ICAM-1 on endothelial cells. Thus, it is
likely that CD62LME"CD4*CD25* Treg cells can follow either
CD62L"2" naive T cells to suppress priming in secondary lym-
phoid organs or activated CD62L"Y effector T cells that express
VLA-4 and LFA-1 to suppress immune reactions in the effector
phase.

CD62L"E"CD4*CD25™ Treg cells suppressed either CD4* or
CD8™ effector T cell functions, including cytokine production and
cell proliferation, in the absence of APC upon stimulation with
CD3 in a cell-cell contact-dependent manner (Fig. 2. ¢ and 4, and
Fig. 3). Hence, the regulatory signals sent to either CD4™ or CD8™*
effector T cells were received directly from CD62LE'CD4*
CD25™ Treg cells and were not mediated by APC. It is postulated
that ligation of CD80 and/or CD86 expressed on effector T cells by
CTLA-4 on Treg cells causes outside-in signaling and results in
suppression (31), although it is well documented that pS6'**-in-
duced tyrosine phosphorylation, which is the major signal pathway
of the TCR/CD3 complex, can be reversed by CTLA-4 ligation
(32). We found that the CD62L™8"CD4*CD25" Treg cells con-
tained a subpopulation that expressed CD86 in tumor-draining
LNs (Fig. 7). Effector CD62L'°¥CD4™ or naive CD62L"8"CD4*
CD257 T cells derived from tumor-draining LNs did not express
CD86 or CD80 even after 48-h stimulation with immobilized anti-
CD3 mAb (data not shown). The inhibitory mAb against CTLA-4
or CD86, but not CD80, completely reversed the inhibitory effect
on the proliferation of CD4*% effector LN T cells by
CD62L."e"CD4*CD25* T cells (Fig. 8). In contrast, the same
treatment could not reverse the suppression of CD8" effector LN
T cells. CD62L'°%CD4™ T cells, but not CD8" T cells, isolated
from tumor-draining LNs expressed CTLA-4 (Fig. 5B). Our data
suggested that CD86 exclusively expressed on Treg cells plays a
pivotal role in regulating CD4 ™ effector T cells by interacting with
CTLA-4 on effector T cells. This is a novel mechanism by which
Treg cells suppress effector T cell function. This finding is com-
patible with recent reports demonstrating that CD4*CD25% T
cells derived from CTLA-4-deficient mice mediated suppression
(33) and that T cells transfected with cDNA encoding CD86 sup-
pressed graft-vs-host disease (34). The reason why the bioactivity
of CD86 on T cells is different from that on APC is unclear; how-
ever, DCs are capable of selecting the receptor of B7 by recruiting
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either CD28 or CTLA-4 into immunological synapses (35). In con-
trast, it is unlikely that Treg cells have the ability to develop im-
munological synapse with effector T cells to select receptors.
Moreover, it was demonstrated that CD86 expressed on T cells had
a hypoglycosylated form and showed no detectable binding activ-
ity to CD28 with preserved binding to CTLA-4 (36). Thus, it is
possible that CD86 on T cells preferentially give negative signal-
ing through CTLA-4 (37).

CD62LMECD4*CD25* T cells regulated CD8* T cell func-
tions via mechanisms other than the CD86-CTLA-4 interaction,
because the inhibitory mAb against CD86 or CTLA-4 did not abol-
ish the suppression. Because neutralizing Ab against TGF-8 par-
tially inhibited the induction of suppression, it is likely that mem-
brane-bound TGF-B participated in CD8* T cell suppression (data
not shown).

These results indicate that Treg cells for tumor Ags are primed
in draining LNs during tumor progression and that the balance
between CD62L'Y effector T cell priming and CD62LMeCD4™*
CD25* Treg cell priming in secondary lymphoid organs deter-
mines the outcome of antitumor immune reactions. Our data also
indicate that promoting antitumor effector CD62L' T cell prim-
ing while eliminating CD62L"8"CD4*CD25" Treg cells or inhib-
iting regulatory mechanisms such as CD86-CTLA-4 interaction is
critical to establishing effective antitumor immunotherapy. Fur-
thermore, it might be possible to orchestrate adaptive immune re-
actions by manipulating the balance of effector and regulatory T
cell priming against acquired Ags, such as infectious pathogens,
alloantigens, and allergens.
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A novel type of encephalopathy associated with mushroom Sug-
ihiratake ingestion in patients with chronic kidney diseases.

Background. The etiology of encephalopathy in uremic pa-
tients is multiple. We recently encountered a novel type of
encephalopathy which occurred exclusively in patients with
chronic kidney diseases after ingestion of a mushroom called
Sugihiratake. While the exact etiology of this encephalopathy
remained mysterious, we aimed to describe its clinical features.

Methods. A total of 32 patients with chronic kidney diseases
who had presented with encephalopathy following ingestion of
Sugihiratake were enrolled from seven prefectures in Japan.,
with 24 of the 32 patients undergoing regular hemodialysis. The
patient’s clinical data were from surveillance by The Japanese
Society of Nephrology.

Results. There was a significant association between Sugihi-
ratake ingestion and the occurrence of encephalopathy in 524
hemodialysis patients questioned for a recent ingestion of this
mushroom (P = 0.0006). The latent asymptomatic period be-
fore the onset of symptoms varied from 1 to31 days (mean 9.1 £
7.3) days. The patient’s symptoms consisted of disturbed con-
sciousness in 30 patients (93.8%), convulsions in 25 (78.1%),
myoclonus in 15 (46.9%), dysarthria in ten (31.3%), ataxia in
eight (25.0%), paresis or paralysis in seven (21.9%), and skin
parasthesia in two patients (6.3%). Nine (27.2%) patients died,
mostly due to respiratory failure. The other patients were either
discharged or still in hospitals with various degrees of clinical
improvement.

Conclusion. Patients with chronic kidney diseases are at risk
of having serious encephalopathy following Sugihiratake inges-
tion and must refrain from eating it. Physicians, in those parts of
the world, where this mushroom harvesting is common, should
be aware of this complication.

Key words: mushroom intoxication, encephalopathy, chronic kidney
disease, hemodialysis.
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Sugihiratake (Fig. 1) is the Japanese name of the fun-
gus Pleurocybella porrigens, which is a small mushroom
that grows in abundance during the fall season, not only
in the forest of northern Japan, but is also widely dis-
tributed across the northern hemisphere [1]. It has an
interesting flavor that many Japanese used to enjoy, usu-
ally consumed as a component of the highly popular miso
(fermented bean paste) soup. Until now, there has been
no report of significant adverse effect as a result of Sug-
ihiratake ingestion. However, during the fall of 2004 in
Japan, an outbreak of a serious encephalopathy exclu-
sively occurred in patients with chronic kidney diseases
after ingestion of this mushroom.

While the exact etiology of the encephalopathy re-
mains mysterious and currently under investigation, we
wish to report for the first time the neurotoxic effects of P
porrigens mushroom intoxication in a series of Japanese
patients with chronic kidney disease.

METHODS

Data used for this study were from surveillance by
The Japanese Society of Nephrology. From September
through October 2004, a total of 45 patients with chronic
kidney diseases presented to several hospitals in eight
prefectures in Japan (Fig. 2) because of acute neurologic
disturbances. Extensive workup to find out a possible
cause was negative other than a history of ingesting Sug-
ihiratake in 44 of the 45 patients during its harvesting
season from the end of August through October 2004.
Among the 44 patients, 32 (19 females and 13 males) who
had their clinical conditions reported to us by the physi-
cians in charge were enrolled in the analysis. Twenty-four
patients previously had received regular hemodialysis,
whereas eight were not yet undergoing dialysis. The mean
age of the patients was 69.2 & 10.5 years. The underly-
ing kidney diseases were chronic glomerulonephritis in
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Fig. 1. Photographs of Sugihiratake (Pleurocybella porrigens). Sugihiratake have a habitat rooting on woods, especially Cryptomeria japonica in
Japan forming dense clusters (A). The mushroom, which the patient 1 (Table 2) ingested, was that of P porrigens (B). The pileus of Sugihiratake,
also known as “angel’s wings,” was 3 to 5 inches long, white in color, and had a wavy margin (C).

14 patients, diabetic nephropathy in eight, unknown eti-
ology in five, hypertension in three, and polycystic kidney
disease in two patients. All patients, whether dialyzed or
not, were in stable clinical condition before this event.
We also questioned a total of 524 hemodialysis patients at
nine hospitals in the affected area for any recent history
of Sugihiratake ingestion and the intoxication rate was
calculated. Statistical analyses were conducted by Fisher
exact probability test with StatView 5.0 software (Abacus
Concepts, Inc., Berkeley, CA, USA).

RESULTS

All cases of acute encephalopathy after Sugihiratake
ingestion occurred in patients who had chronic kidney
diseases, whereas none of the individuals with normal re-
nal function who had eaten Sugihiratake were affected.

Out of 524 hemodialysis patients, 278 (53%) admitted
recent ingestion of Sugihiratake, but only 12 patients
(4.3%) manifested symptoms of intoxication. By Fisher’s
exact probability test, there was a highly significant asso-
ciation between the mushroom ingestion by hemodial-
ysis patients and the development of encephalopathy
(P = 0.0006).

The clinical profile, time of symptom onset, and the out-
come are listed in Table 1 for the patients on hemodial-
ysis, and in Table 2 for the patients with pre-end-stage
renal disease (pre-ESRD). Nine (28.1%) patients had
died so far, five had been uneventfully discharged, and
the other 18 patients have remained hospitalized with
various degrees of clinical improvement. While many pa-
tients continued to eat the mushroom for several days
before the symptoms appeared, the time from the start
of ingestion to onset of symptoms varied from 1 to 31

—132—



190 Gejyo et al: A novel type of encephalopathy associated with Sugihiratake ingestion

Niigata .

days (9.1 £+ 7.3 days), with no difference between the
patients who died or survived. The most common symp-
toms in all 32 patients included disturbed consciousness
of various degrees in 30 patients (93.8%), convulsions
in 25 (78.1%), myoclonus in 15 (46.9%), dysarthria in
ten (31.3%), ataxia in eight (25.0%), paresis or paraly-
sis in seven (21.9%), and skin parasthesia in two patients
(6.3%). Typically, most patients presented initially with
ataxia and/or myoclonus several days after Sugihiratake
injestion, to be followed in a few days by generalized con-
vulsions. The convulsive activities either stopped without
neurologic sequelae or progressed to status epilipticus
and death. The terminal event was profound central ap-
nea and bradycardia. Noteworthy, all patients did not ex-
perience gastrointestinal symptoms, which are generally
common features of mushroom poisoning. Fever was un-
detectable in almost all patients at the initial presentation;
however, some patients had their temperature increased
after admission secondary to a respiratory infection.
After being admitted, the patients were closely moni-
tored either in a general ward or in an intensive care unit
with the support of a neurologist. The differential diagno-
sis included metabolic encephalopathy, cerebrovascular
accident, viral encephalitis, or possible drug intoxication.
Nineteen patients underwent computerized tomographic
(CT) brain scans to role out stroke, but no organic lesion

Fig. 2. The distribution of the cases with
acute neurological disturbaces. Cases in-
cluded in the analysis (O) (N = 32). Cases not
included in the analysis because of insufficient
clinical information (@) (N = 12).

could be identified, though in five patients, who ultimately
died, brain edema was evident. Lumber puncture was
done in ten patients, and the cerebrospinal fluid analy-
sis showed a mild increase of protein content, but normal
cell count and sugar. There were no significant changes in
the blood biochemistry, including blood sugar, liver func-
tion tests, serum aluminum levels, and blood gas analysis
compared with the preintoxication levels in most patients.

Treatment depended on the severity of presenting
symptoms. Fourteen patients on regular hemodialysis,
and two other patients who are not yet on hemodial-
ysis, were assigned to every-other-day dialysis. Ten pa-
tients with more severe mental confusion were managed
in an intensive care unit with continuous venovenous
hemodialysis (CVVHD) and mechanical ventilatory sup-
port. Nine patients died 4 to 15 days (mean 8.2 & 4.1 days)
after admission. The principal characteristics of these pa-
tients were severe mental confusion in all and convulsive
activities in eight.

DISCUSSION

Acute encephalopathy specifically related to pa-
tients with uremia may result from any of the fol-
lowing causes; uremic encephalopathy, dialysis dysequi-
librium syndrome, cerebrovascular disease, electrolytes
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Table 1. Clinical characteristics and outcome of the patients undergoing hemodialysis

Duration of Onset of
hemodialysis symptoms
Patients Age Gender years days? SymptomsP Qutcome®
1 69 F 5 1 1,2 Died
2 60 F 8 10 1,3 In hospital
3 62 F 8 11 1,24,7 In hospital
4 65 F 8 3 1,2,3 In hospital
5 70 F 15 14 1,23,6 In hospital
6 77 F 5 ND 1,3,5 Discharged
7 57 F 5 14 1,2,4,5 In hospital
8 66 F 10 ND 1,2,3 In hospital
9 58 F 4 14 1,2,6 In hospital
10 60s F 0.3 12 1,2,3 In hospital
11 72 F 2 13 1,2,6 In hospital
12 71 F 1 ND 1,4,6,7 In hospital
13 72 F 3 4 1,2,4,6 Died
14 48 F 20 ND 1,2 Died
15 85 M 1 18 1,2,3 In hospital
16 68 M 6 12 1,2,4,5 In hospital
17 78 M 1 31 1,2,3 In hospital
18 66 M 3 14 1,2,3,5,6 Died
19 73 M 1.8 14 1,2,3,4 Died
20 64 M 7 ND 4,6 Discharged
21 50 M 0.3 1 1,2,3 Discharged
22 53 M 16 3 1,2 Died
23 83 M 1.5 ND 1,2 Died
24 60 M 2 7 1,2,3,4 In hospital
Abbreviations are: F, female; M, male; ND, not determined.
2Time of symptom onset after Sugihiratake ingestion.
51, disturbed consciousness; 2, convulsions; 3, myoclonus; 4, dysarthria; 5, ataxia; 6, paresis/paralysis; 7, parasthesias.
¢As confirmed by the end of October 2004.
Table 2. Clinical characteristics of the patients with pre-end-stage renal disease (pre-ESRD)
Serum Onset of
creatinine symptoms
Patients Age Gender mg/dL days? SymptomsP Outcome®
1 87 F 4.8 3 1,2,3,4,5 Discharged
2 68 F 5.6 ND 1,5 Died
3 71 F 55 7 1,2,5 Died
4 84 F 6.2 2 1,4 In hospital
5 80 F 1.5 1 1,2,3 In hospital
6 89 M 2.0 ND 1,2,5 In hospital
7 7 M 4.0 8 1,2 In hospital
8 67 M 8.0 20 3 Discharged

Abbreviations are: F, female; M, male; ND, not determined
2Time of symptom onset after Sugihiratake ingestion.

®1, disturbed consciousness; 2, convulsions; 3, myoclonus; 4, dysarthria; 5, ataxia; 6, paresis/paralysis; 7, parasthesias

€As confirmed by the end of October 2004. -

disorders, and aluminum intoxication [2]. Because of the
impaired excretory function, uremic patients are also es-
pecially vulnerable to drugs and toxins from many dif-
ferent sources, including food. There have been reports
of encephalopathy in uremic patients caused by star fruit
(Averrhoa carambola) intoxication [3, 4]. However, acute
encephalopathy related to mushroom poisoning in ure-
mic patients have not been previously reported.

Two theories for the etiology of this encephalopathy
have been speculated. The first theory suggested that an
aberrant viral infection, to which uremic patients par-
ticularly susceptible, is to be the culprit. However, the
absence of family history of similar symptoms, fever, or

other markers of acute inflammatory response, in addi-
tion to the lack of cerebrospinal fluid pleocytosis stood
against this theory. Moreover, the examination for com-
mon viral infections was negative. The second theory ac-
cused a toxin that is normally metabolized through the
kidney. Reviewing the history for a possible intoxication
disclosed that almost all of the patients had eaten Sugihi-
ratake. Statistical analysis of hemodialysis patients in the
affected area indicated a significant association between
Sugihiratake ingestion and the intoxication episodes. Al-
though these findings suggest a causal connection, several
questions remained to be answered. If the mushroom is
to blame, then, why intoxication occurred this year only,

—134—



192 Gejyo et al: A novel type of encephalopathy associated with Sugihiratake ingestion

and why only a small percentage of hemodialysis patients
who took the mushroom turned to be symptomatic? What
was the nature of this toxin, and how did it cause the en-
cephalopathy?

Despite the fact that wild mushrooms are collected and
consumed, becoming poisoned is still a probability. It is
well-known that even some experts have difficulty in dis-
criminating between the mushrooms. The extremely wet
and hot regional weather in 2004 may have boosted the
growth of some poisonous species that are morpholog-
ically indistinguishable from the benign mushrooms. In
fact, an exceptionally good harvest of Sugihiratake was
reported in the affected areas, suggesting that somewhat
change in property of the mushroom occurred in this sea-
son. In addition, this may support that the amount of in-
gested mushroom was higher in 2004 than previous years.
The toxic characteristics of a mushroom may vary from
region to another depending on the soil type [5], and the
individual response to certain fungal toxins is also very
variable [6]. Taken together, these factors may explain
why only limited number of hemodialysis patients were
affected.

The connection of the encephalopathy to mushroom
poisoning in our series was particularly difficult because
of the extraordinary long latent period, and the lack of di-
gestive and hepatic abnormalities, nonetheless, this pos-
sibility was worth considered after excluding the other
common causes of encephalopathy in uremic patients.
In orellanine-containing mushrooms, a latent period of
36 hours to 17 days postingestion is usual before the
onset of symptoms, although the clinical symptoms are
incompatible [7]. The presentation of mushroom poison-
ing generally depends on the species and the amount in-
gested. Encephalopathy was the hallmark of Sugihiratake
mushroom poisoning. The fact that hemodialysis was in-
efficient in preventing the encephalopathy in our series
is probably because the elimination capacity was over-
whelmed by the amount ingested. Alternatively, it may
suggest that the molecular size of the toxin was not small
enough to dialyze or that the toxin could have passed
the blood-brain barriers, and hence became inaccessi-
ble for dialysis. This may be an important contributing
factor to its neurotoxic effect. The permeability of the

blood brain barrier may have been increased by chemi-
cal mediators and cytokines [8]. Experiments to identify
and isolate the specific toxin in the mushroom are still
undergoing.

In this report, we warn practicing nephrologists that
mushroom poisoning must be considered when patients
with chronic renal diseases present with conscious distur-
bances and unexplained neurologic symptoms.
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PNA-In Situ Hybridization Method for Detection
of HIV-1 DNA in Virus-Infected Cells and Subsequent
Detection of Cellular and Viral Proteins

Tomoko Hagiwara, Junko Hattori, and Tsuguhiro Kaneda

Summary

We describe in situ hybridization protocols using peptide nucleic acid (PNA) as a
probe for detecting HIV-1 DNA in virus-infected cells and the subsequent detection of
cellular and/or viral proteins. Because a PNA probe of approx 20 bases was sufficiently
long to detect a specific target sequence, a conserved sequence of such a short length was
easily identified. Therefore, this probe is valuable even to identify quasi-species of HIV-1.
In addition, we adopted a catalyzed signal amplification method to amplify weak viral
DNA signals; thus, stringent washing was crucial for eliminating false-positive signals.
Our double-staining method using PNA-in situ hybridization and subsequent
immunostaining enabled the active and inactive proviruses to be distinguished.

Key Words: In situ hybridization; peptide nucleic acid; catalyzed signal amplifica-
tion; HIV-1 provirus; CD4-positive T lymphocytes; p24; HLA-DR.

1. Introduction

In situ hybridization (ISH) is now popularly used in cytogenetic studies to
determine the localization of a specific gene on a chromosome and to detect
mRNA expression and viral infection within cells using DNA or RNA probes.
Nonradioactive ISH methods using fluorescence or visible light to visualize
signals generally are used for the detection of target nucleic acid sequences. In
general, probes of more than 500 bp in length are required in such studies (1).

Until recently, the detection of HIV-1 has been performed by using autora-
diography, using probes labeled with radioisotopes, such as 35S (2—4) and '’
(2,5). Although the use of radioactive ISH for the detection of HIV-1 is time
consuming and not very convenient, the small copy number of HIV-1 in

From: Methods in Molecular Biology, vol. 326: In Situ Hybridization Protocols: Third Edition
Edited by: |. A. Darby and T. D. Hewitson © Humana Press Inc., Totowa, NJ
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infected cells has hindered the development of a conventional nonradioactive
detection system. In addition, designing a suitable proper probe with a length
of more than 150 bp is very difficult because of the general lack of long-con-
served DNA sequences in viruses, such as HIV-1, that have error-prone reverse
transcriptase without any repair activity. To bypass this problem, we devel-
oped a peptide nucleic acid (PNA) that mimics the DNA configuration (6-8).
PNA, being electrically neutral, can penetrate into cells more easily than DNA
and, in addition, PNA can more strongly hybridize with DNA than DNA (9,10).
For these reasons, a PNA probe of approx 20 bases in length is long enough to
detect a specific target sequence (11).

To overcome the weak viral DNA signal, one of the following methods for
signal amplification can be used: one is in situ polymerase chain reaction (PCR
[12]), and the other is a catalyzed signal amplification (CSA) using biotinyl
tyramide (13). In situ PCR is quite powerful for amplification of rare target
DNA within cells; therefore, in situ PCR-driven ISH would be suitable for
detecting low copy number DNA sequences. However, this method carries the
risk of amplicons synthesized in situ diffusing and resulting in false-positives
(14). On the other hand, a single copy of the HPV-16 virus was detected suc-
cessfully using the CSA method (14). Therefore, we adopted the CSA method
for detecting HIV-1 DNA (15) and incorporated a crucial stringent washing
step to eliminate nonspecific signals that arise from the CSA procedure.

Here, we describe the procedures for detecting HIV-1 DNA in infected CD4-
positive T lymphocytes, and the phenotypic determination of HIV-1 DNA-
positive cells by a double staining method.

2. Materials
2.1. Cell Lines

1. ACHZ2: positive control. Human lymphoid cell line latently infected with HIV-1.

2. MOLT4-IIIB: positive control. Human leukemic cell line persistently infected
with HIV-1 strain IIIB.

3. MOLT4: negative control.

2.2. Sample Preparation
2.2.1. CD4-Positive T-Lymphocytes Smears

1. StemSep column chromatography (Stem Cell Technologies, Inc., Vancouver, BC,
Canada; cat. no. STS-14032).

Phosphate-buffered saline (PBS) with 3% fetal bovine serum.

4% paraformaldehyde (PFA) containing 0.1 M sodium phosphate buffer, pH 7.4.
Ethanol.

Silane-coated slides.

Do W
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. 6. Wax pen (DakoCytomation A/S, Glostrup, Denmark).
7. Staining racks and containers.
8. Dryer.

2.2.2. Formalin-Fixed, Paraffin-Embedded Tissue Sections

. Tissue blocks of 20% formalin-fixed or 4% PFA-fixed, paraffin-embedded
samples.

Silane-coated slides.

Staining racks and containers.

Xylene. '

Rehydration series: 100, 95, 90, and 70% ethanol.

bl ol

2.3. Pretreatment
2.3.1. CD4-Positive T Lymphocytes Smears

1. Tris-buffered saline containing Tween-20 (TBST): 50 mM Tris-HCl, 300 mM
NaCl, 0.1% Tween-20, pH 7.6.

Target retrieval solution (DakoCytomation A/S; cat. no. S1700).

Methanol containing 0.3% H,0.,.

Water bath.

‘Staining racks and plastic containers.

A el

2.3.2. Formalin-Fixed, Paraffin-Embedded Tissue Sections

1. The same as Subheading 2.3.1., items 1-5.
2. Proteinase K (DakoCytomation A/S, S3004).

2.4. Preparation of PNA Probe

1. PNA probe: the structure of the probe is as follows: FITC-HN-GCAGCTTCCT-
CATTGATGG-CONH, (FASMAC Co. Ltd., Kanagawa, Japan; see Note 1).

2. DNA ISH solution (DakoCytomation A/S; cat. no. S3305).

3. Cover slips. :

2.5. Heat Denaturation
1. Hotplate.

2.6. Hybridization

Stringent wash solution (DakoCytomation A/S; cat. no. K5201).
TBST.

Incubator.

Plastic containers.

Water bath.

Moist chamber.

Al
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2.7. PNA Probe Detection by CSA

1. Horseradish peroxidase (HRP)-conjugated anti-FITC antibody (DakoCytomation
A/S; cat. no. P5100). .

Biotinyl tyramide solution (DakoCytomation A/S, GenPoint kit K0620).
HRP—conjugated streptavidin (DakoCytomation A/S, GenPoint kit K0620).
Alexa Fluor 488-labeled streptavidin (Invitogen, Carlsbad, CA). .
4,6-diamino-2-phenylindole (DAPI) II (Vysis, Inc., Downers Grove, IL).
TBST.

Staining racks and containers.

Cover slips.

2.8. PNA-ISH and Immunohistochemistry (IHC) (Indirect Method)

1. Mouse anti-human CD4 monoclonal antibody (Novocastra Laboratories, Ltd.,
Newecastle, UK; cat. no. NCL-CD4-1F6) or mouse anti-human HLA-DR mono-
clonal antibody (DakoCytomation A/S; cat. no. M0746).

2. AlexaFluor 594-labeled goat anti-mouse IgG antibody (Invitrogen; cat. no. A-11005).

DAPIII (Vysis, Inc.).

4. Cover slips.

2.9. PNA-ISH and IHC (Labeled Streptavidin-Biotin Method)

Avidin solution (DakoCytomation A/S; cat. no. X0590).

Biotin solution (DakoCytomation A/S; cat. no. X0590).

Mouse monoclonal anti-HIV-1 p24 antibody (DakoCytomation A/S; cat. no. M0857).
Biotinylated goat anti-mouse Ig antibody (DakoCytomation A/S; cat. no. E0433).
Alexa Fluor 594-labeled streptavidin (Molecular Probes, Inc.; cat. no. S-11227).
DAPI I (Vysis, Inc.).

Cover slips.
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3. Methods
3.1. Sample Preparation (see Note 2)

3.1.1. CD4-Positive T Lymphocytes Smears

1. Negatively select and purify CD4-positive T lymphocytes by StemSep column
chromatography according to the manufacturer’s instructions.

2. Spin down the collected cells at 250g for 5 min.

3. Discard supernatant and resuspend with PBS.

4. Mark the area for sample-mount on a silane-coated slide with a wax pen. Drop
5 uL of the cell suspension onto the slide and spread it out gently using the
pipet tip.

The area of the sample-mount (15 x 15 mm),

5. Dry the slides using a dryer at a cool setting.

6. Fix the slides with 4% PFA containing 0.1 mol/L sodium phosphate buffer,
pH 7.4, at room temperature for 60 min or at 4°C overnight.
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7.
8.

Rinse the slides in PBS (3 min, three times).
Dehydrate the slides in absolute ethanol and then store at —20°C until use.

3.1.2. Formalin-Fixed, Paraffin-Embedded Tissue Sections

1.

2.

3.2.
3.2.

N

AW

Place a 4- to 5-im section onto a slide. Heat the slide to melt the paraffin in a
60°C oven for 15 min and dry at 37°C overnight.

Deparaffinize sections in fresh xylene (3 min, three times) and rehydrate in graded
(100, 100, 95, 90, and 70%) ethanols and autoclaved water.

Pretreatment
1. CD4-Positive T-Lymphocyte Smears

Immerse the slides in autoclaved water for 5 min.

Immerse the slides in preheated target retrieval solution for 40 min at 95°C, and
allow to cool for 20 min.

Wash the slides in autoclaved water (1 min, three times).

Immerse the slides in methanol containing 0.3% H,0, for 20 min.

Wash the slides in autoclaved water for 1 min.

Briefly immerse slides in 95% ethanol and allow to air dry.

3.2.2. Formalin-Fixed, Paraffin-Embedded Tissue Sections

1.

N

VPN W

B

‘Immerse the slides in autoclaved water for 5 min.

Immerse the slides in preheated target retrieval solution for 40 min at 95°C and
allow to cool for 20 min.

Wash the slides in autoclaved water (1 min, three times).

Digest sections with proteinase K for 10 min at room temperature (see Note 3).
Wash the slides in autoclaved water (1 min, three times).

Treat the slides with methanol containing 0.3% H,0, for 20 min.

Wash the slides in autoclaved water for 1 min.

Briefly immerse the slides in 95% ethano! and allow to air-dry.

Mark the area of the section with a wax pen.

. Preparation of PNA Probe

Dilute FITC-conjugated PNA probe in hybridization solution to a final concen-
tration of between 0.2 and 0.5 pug/mL.

Apply 25 pL of hybridization solution containing PNA probe to the marked area
of the slide.

. Carefully apply the cover slip, avoiding the introduction of air bubbles.

3.4.
. Heat the slides at 93°C for 5 min on a hotplate to denature the double-stranded DNA.

3.5.

Heat Denaturation

Hybridization
Incubate the slides with the PNA probe at 45°C for 60-90 min in a moist chamber.

. After hybridization, immerse the slides in TBST and gently remove the cover slips.
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3. Wash the slides in prewarmed stringent wash solution at 57°C (20 min, twice).
4. Immerse the slides in TBST at room temperature for 5 min.

3.6. PNA Probe Detection by CSA (see Notes 4 and 5; Fig. 1)

1. Incubate HRP-conjugated rabbit anti-FITC antibody (1:500 dilution) for 60 min
(see Note 6).

Wash the slides in TBST (3 min, three times).

Incubate biotinyl-tyramide for 15 min.

Wash the slides in TBST (3 min, three times).

Incubate HRP-conjugated streptavidin (1:600-800 dilution) for 15 min.

Wash the slides in TBST (3 min, three times).

Incubate biotinyl-tyramide for 15 min.

Wash the slides in TBST (3 min, three times).

Incubate 0.5 pg/mlL Alexa Fluor 488-labeled streptavidin for 15 min in the ab-
sence of light.

10. Wash the slides in TBST in the absence of light (3 min, three times).

11. Immerse the slides in distilled water.

12. Apply DAPI II and mount cover slip.

e P el

3.7. Fluorescence Microscopy

The slides were examined under a fluorescence microscope (BX50 and
BX-FLA, Olympus Corp., Tokyo, Japan) equipped with appropriate filter sets
(61002, Chroma Technology Corp., Rockingham, VT). Photographic images
of the fluorescent signals were taken with a CCD camera (SenSys 0400,
Photometrics Ltd., Tucson, AZ) and were uploaded to a microcomputer using
IPLab software (Scanalytics, Inc., Fairfax, VA). The stored images were
merged to reveal various aspects (see Note 7; Fig. 2).

3.8. Subsequent Determination of Phenotypes After PNA-ISH Treatment

We describe here a double staining method by PNA-ISH and IHC methods
for the detection of both HIV-1 DNA and a protein in the same cell, respec-
tively. Proteins can be detected with one of two methods with IHC: an indirect
method and a labeled streptavidin-biotin (LSAB) method. For the detection of
CD4 or HLA-DR molecules, the conventional indirect method was used. On
the other hand, the LSAB method that has higher sensitivity than the indirect
method was performed to detect the p24 HIV-1 capsid protein.

Fig. 1. (opposite page) Schematic representation of the procedures for using the
PNA-probe in the ISH method. The hybridized probe was detected by sequential reac-
tions of the following antibodies and reagents: HRP-conjugated anti-FITC antibody,
biotinylated tyramide (first amplification), HRP-labeled streptavidin, biotinylated
tyramide (second amplification), and streptavidin-conjugated Alexa 488.
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Fig. 2. Detection of HIV-1 provirus by PNA-ISH. Signals detecting HIV-1 provi-
ruses were observed as green dots in a nucleus stained blue by DAPIL. (A) MOLT4-IIIB.
One to four proviruses per cell. (B) ACH2. One provirus per cell. (C) Negative control
(MOLT4). No provirus. (D-H) CD4-positive T lymphocytes from HIV-1-infected
patients. Most provirus-positive cells contained one provirus. Positive cells rarely con-
tained more than two proviruses. (I} Negative control (CD4-positive T lymphocytes
from a HIV-1-negative volunteer). No provirus. (J) Paraffin-embedded section of bone
marrow from an AIDS patient. Positive cells contained one provirus in a nucleus.

Fig. 3. Subsequent determination of phenotypes after PNA-ISH treatment. Pro-
teins were stained red and localization of the proteins can be observed. (A-C) p24/
HIV-1 provirus of MOLT4-111B. (D) Negative control (MOLT4). (E-G) p24/provirus
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