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We describe a method for immunohistochemical localiza-
tion of T-cells, CD4* T-cells, CD8"* T-cells, B-cells, activated
lymphocytes, major histocompatibility complex (MHC) class
I antigens, macrophages, dendritic cells, and granulocytes
in rat and mouse tissue fixed in periodate-lysine—parafor-
maldehyde (PLP) and embedded in paraffin. Rat and mouse
spleen and eyes were fixed in PLP for 18-24 hr, rapidly de-
hydrated, infiltrated under vacuum with paraffin at 54°C,
sectioned, and stained with appropriate monoclonal anti-
bodies (MAbs). Sections of PLP-fixed, paraffin-embedded
spleen were compared with acetone-fixed frozen spleen sec-
tions with respect to morphology and staining quality. Nine
of 10 MAbs to rat antigens and eight of nine MAbs to mouse
antigens stained paraffin sections equally or more intensely

Introduction

The development of a wide range of monoclonal antibodies (MAbs)
to rat and mouse immune cells has made it possible, using im-
munohistochemical staining methods, to distinguish the major cell
types in lymphoid and diseased tissues. However, as each MAD is
targeted only towards a single epitope, successful staining ultimately
depends on the preservation of each antigen, which is best achieved
in frozen tissue. A few MAbs against immune cells, e.g., C1:A3-1
against F4/80 antigen on mouse macrophages and ED2 against rat
macrophages, are well documented for use in routinely fixed
paraffin-embedded tissue (14,15). However, many MAbs will not
stain paraffin-embedded tissue and have only been used on frozen
sections (1,2,22,24,30); others have not been investigated in either
system. Preservation of antigen in frozen tissue is often achieved
at the expense of good morphology, and frozen sections require
storage at —70°C (often making it difficult to maintain them for
long periods of time). Furthermore, we found frozen sections par-
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than frozen sections. The two MAbs that showed weaker
staining still gave good staining on paraffin sections. Paraffin-
embedded rat and mouse eyes were easier to section serially
than frozen eyes, showed superior morphology, and indi-
vidually stained cells were readily identified. Therefore, a
combination of PLP fixation and low-temperature paraffin
embedding permits detection of the major types of inmune
cell in rat and mouse tissues while maintaining good mor-
phology, particulatly in diseased, damaged, or delicate tis-
sues. (J Histochem Cytochem 43:313-320, 1995)
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ticularly unsuitable for investigation of inflammatory disease in ro-
dent eyes [Herpes simplex virus (HSV) and corneal transplanta-
tion]. In HSV studies, serial sections are essential to examine
localized areas of disease and were impossible to achieve with fro-
zen eyes. After corneal transplantation the morphology of frozen
rat eyes was extremely poor because of edema caused by the graft
fejection process.

Although the combined effects of fixation, processing, and the
high temperature of paraffin embedding destroys many antigens,
loss of antigenicity during fixation can often be reduced by the
use of milder fixatives. A number of studies have assessed the ef-
fects of different fixatives in both human (4,7,11,12) and mouse
tissue (3,10,29), and periodate-lysine-paraformaldehyde (PLP) has
proven to be the most successful. Optimal preservation of antige-
nicity appears to be partly dependent on the concentration of
paraformaldehyde. Gendelman et al. (10) found that a reduction
in the concentration of paraformaldehyde from 2% to 0.5% gave
stronger immunostaining of T-cell antigens. Wilson and Stokes (34)
found that sections from mouse tissue fixed in PLP containing only
0.25% paraformaldehyde and 0.1% glutaraldehyde could be stained
for MHC class II antigens while maintaining excellent morphol-
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ogy. Other workers have also found that increasing the concentra-
tion of paraformaldehyde results in decreased staining intensities
for many cell surface markers on immune cells (7,32).

The processing steps after fixation may also cause loss of critical
epitopes. Collings et al. (7) and Brenes et al. (4) report that de-
hydration and clearing for longer than 30 min in each solution
resulted in decreased immunostaining for MHC class II, T-cells,
and B-cells in human tissue. Routine paraffin embedding usually
involves immersion of the tissue in molten wax at 60°C or above
for at least 4 hr, thus denaturing many cell proteins. Antigen pres-
etvation can be improved by the use of low-temperature paraffin
and reducing the embedding time by infiltration under vacuum
(3). Alternatively, paraffin can be replaced with plastic embedding
materials (17,32), but these may require complicated embedding
and storage procedures and specialized equipment.

Although the development of different fixatives, dehydration
regimens, and embedding methods has incteased the number of
rat and mouse cell surface markers that can be identified, there
is no method that successfully stains all the major immune cell types.
In particular, certain critical epitopes, i.c., those on mouse CD4*
T-cells and CD8* T-cells, and those on rat CD4* T-cells, are still
lost (10,32). Using 2 combination of mild PLP fixation with only
0.25% paraformaldehyde, short dehydration and clearing times,
and rapid infiltration with low-temperature paraffin under vacuum,
we have developed a method for immunohistochemical localiza-
tion of T-cells, CD4* and CD8" T-cell subsets, B-cells, activated
lymphocytes, MHC class II antigens, granulocytes, macrophages,
and dendritic cells in rat and mouse tissues. The efficacy of the
system was determined by testing each antibody on sections of PLP-
fixed, paraffin-embedded spleen and on conventionally treated fro-
zen spleen sections fixed in acetone. In addition, PLPfixed, paraffin-
embedded eyes were compared with frozen eyes as examples of deli-
cate tissues for which our described method will be of particular
value.

Materials and Methods

Preparation of Fixative. The PLP fixative was adapted from the methods
of McLean and Nakane (18) and Gendelman et al. (10). For the lysine phos-
phate buffer, 0.2 M lysine monohydrochloride (BDH; Poole, UK) was added
to an equal volume of 0.1 M disodium hydrogen orthophosphate (BDH),
the pH adjusted to 7.4 with HCI, and the buffer stored at 4°C. For the
paraformaldehyde-dextrose solution, a 5% dextrose solution was heated
t0 60°C and 8% paraformaldehyde (Sigma; Poole, UK) added, followed
by 10 drops of 1 M NaOH to aid dissolution. The solution was stored at
4°C for 2 maximum of 2 months.

The PLP fixative was prepared immediately before use. Solid sodium
periodate (BDH) was added to the lysine phosphate buffer to give a final
concentration of 0.02 M sodium periodate. Paraformaldehyde-dextrose so-
lution was then added to give a final concentration of 0.25% parafor-
maldehyde.

Removal and Fixation of Tissues. All procedures on animals were car-
ried out according to the Animal (Scientific Procedutes) Act, 1986. Female
NIH inbred mice and female PVG inbred rats were killed by IP injection
of sodium pentobarbital (Rhone-Merieux; Harlow, UK). The spleens were
removed and cut transversely into 3-mm pieces (rats) or 2-mm pieces (mice).
Alternate spleen pieces were fixed in 10 ml PLP fixative for 24 hr at 4°C.
The remaining pieces wete snap-frozen and stored in liquid nitrogen. Eyes
were also taken from rats that had received corneal grafts and were undet-
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going immunological rejection (20) and from mice that had been infected
with HSV-I and were showing recurrent herpetic eye disease (26). With a
30-gauge needle, two holes were made in the back of the eye and through
one of these PLP was gently injected until the fixative flowed out of the
other hole. Each eye was then fixed in PLP as above. After fixation, rat eyes
were bisected sagittally through cornea, iris, and retina, and the lens removed.

Dehydration and Embedding. After PLP fixation the tissues were washed
in PBS (three times for 5 min), followed by rapid dehydration at 4°C through
70% ethanol (45 min), 90% ethanol (45 min), 100% ethanol (twice for
30 min), and clearing at 4°C in Histoclear (National Diagnostics; Atlanta,
GA) (twice for 30 min). The specimens were infiltrated under vacuum with
low-temperature paraffin (melting point 51-53°C; BDH) at 54°C for 30
min, oriented, and blocked in conventional paraffin at 60°C. The blocks
were stored at —20°C.

Sectioning. Paraffin blocks were brought to room temperature (RT)
and sectioned on a rotary microtome (Reichart-Jung). Serial 6-pm sections
were floated onto water at 40°C before being transferred to glass micro-
scope slides pre-coated with poly-L-lysine (Sigma) (three sections per slide).
Slides were dried overnight at 37°C, wrapped in aluminum foil, and stored
desiccated at -20°C.

Frozen specimens wete embedded in Tissue-Tek OCT (Miles; Elkhart,
IN). Serial 6-pm sections were cut on a cryostat (Reichart-Jung) and placed
on poly-L-lysine-coated stides (three sections per slide). Slides were dried
at RT for 2-3 hr and stored desiccated at —70°C.

Immunohistochemistry. Slides with paraffin sections were defrosted and
dried at 37°C for 30 min, dewaxed in Histoclear (twice for 5 min), and
rehydrated in 100% ethanol (twice for 5 min), 75% ethanol (5 min) and
tapwater (5 min). Slides with frozen sections were defrosted and dried at
RT for 1 hr. They were then fixed in cold acetone (10 min), allowed to dry
at RT (10 min), and washed in tapwater (10 min).

Endogenous peroxidase was blocked with 0.3% H,0; in PBS (paraf-
fin sections), or 0.3% H>O; in 50% PBS:50% methanol (frozen sections)
for 15 min at RT. After washing in PBS, paraffin sections (mouse tissue
only) were digested with 0.0025% trypsin (Difco; Detroit, MI) in 0.1% cal-
cium chloride, pH 7.8, for 0, 5, or 10 minutes (Table 1), followed by wash-
ing in three changes of PBS. Blocking serum, secondary antibodies, and
ABC reagents were obtained from Vector Labs (Peterborough, UK). Non-
specific binding sites were blocked with 1.5% normal rabbit serum in PBS
(mouse tissue) or 1.5% normal horse serum in PBS (rat tissue) for 30 min
at RT. Excess serum was removed, the sections circled with a waterproof
pen (Dako; Glostrup, Denmark), and incubated with primary MAb at 4°C
overnight as specified in Tables 1 and 2. All MAbs against mouse antigens
were rat immunoglobulin G (IgG) and all MAbs to rat antigens were mouse
IgG, except for HIS 48, which was mouse IgM. A single batch of each anti-
body was used for the study. Diluent was 0.1% BSA in PBS. Negative con-
trol slides werte incubated in either diluent alone (mouse tissue) or an inap-
proptiate MAb, OX 21 against human complement factor I (Serotec; Oxford,
UK) (rat tissue). After washing in PBS the slides were incubated with bi-
otinylated rabbit anti rat IgG pre-adsorbed with mouse serum (for mouse
tissue) ot biotinylated horse anti-mouse IgG, pre-adsorbed with rat serum
(for rat tissue), followed by avidin-biotinylated horseradish peroxidase com-
plex (ABC) and diaminobenzidine (Sigma) according to the Vectastain pro-
tocol (Vector).

Experimental Protocol. A panel of MAbs (Tables 1 and 2) against mouse
and rat T-cells, B-cells, activated lymphocytes, granulocytes, macrophages,
denderitic cells, and MHC class II antigens were tested immunohistochemi-
cally for their ability to stain paraffin-embedded and frozen spleen sec-
tions. Optimal digestion times with trypsin (paraffin sections only) and
optimal dilutions of antibody were determined for both types of tissue for
each antibody (Tables 1 and 2). Paraffin-embedded tissue to be stained
with MAbs against rat cell surface markers did not require digestion. Tis-
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Table 1. Monoclonal antibodies tested immunobistochemically on mouse tissue
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Optimal dilution

Clone Specificity Form®*  Frozen® Paraffin® TT¢ Source Ref.
G7 Thy 1 (T-cells, NK-cells, neurofilaments)  Pur 1:400 1:250 0 PharMingen (San Diego, CA) 30
YBM 29/2.1 Thy 1 Sn 1:100  1:100 0 Seralab (Sussex, UK) 30
KT3 CD3 (T-cells) Sn 1:10 Neg? Serotec (Oxford, UK) 23
YCD3-1 CD3 Pur ND/ 1:100 5  Gibco BRL (Perth, UK) 23
RM4-5 CD4 (helper T-cells) Pur 1:30 1:20 5  PharMingen 25
RM4-4 CD4 Pur Neg Neg PharMingen
KT174 CD4 Sn Neg Neg Serotec
KTé6 CD4 Biotin  1:50 Neg Serotec
H129.19 CD4 Pur ND 1:200 5  Gibco 13
KT15 CD8 (cytotoxic T-cells) Sn 1:10 Neat 10 Serotec 28
53-6.7 CDs Pur 1:10 Neg PharMingen 30
53-5.8 CDs8 Pur Neg Neg PharMingen
3C7 CD25 (activated T- and B-cells) Pur 1:5 1:15 5  PharMingen 21
AMT-13 CD25 Pur Neg Neg Seralab
RA3-6B2 CD45R (B220 antigen on B-cells) Pur 1:300 1:200 Bradsure Biologicals (Loughborough, UK) 19
YE2/36 Class II MHC Sn 1:75 1:50 5  Serotec 5
C1:A3-1 F4/80 antigen (macrophages and

dendritic cells Sn 1:50 1:20 5  Serotec 14
M1/70 CD11b (macrophages and granulocytes) Sn 1:50 1:10 5  Serotec 2, 27
RB6-8C5 Gr-1 antigen (granulocytes, vascular

endothelium and erythrocytes) Pur 1:2500  1:1500 5  PharMingen 16

4 Pur, purified; Sn, supernatant; Biotin, biotinylated.
¥ Frozen spleen sections.
¢ PLP-fixed paraffin-embedded spleen sections.

4 TT, optimal digestion time (min) for paraffin sections with 0.0025% trypsin in 0.1% CaCly.

¢ No staining of this type of tissue section.
7 Not tested on this type of section.

sue morphology and quality of staining wete then compared using anti-
bodies that successfully stained both frozen and paraffin-embedded tissue
(Table 3). The following procedure was adopted to minimize the vatiation
in staining pattern between samples. Serial sections were cut from each of
six adjacent pieces of spleen (three paraffin-embedded and three frozen)
and placed on slides (three sections per slide). One slide of sections from
each piece of spleen was used to test each of the MAbs listed in Table 3.
Therefore, for each MAb there were three slides of paraffin-embedded tis-

sue and three of frozen tissue. All slides were coded, and the quality of
staining on each was scored blind. Intensity of staining was scoted from
1t04 (1 = poor and 4 = excellent). Background staining was defined
as nonspecific staining of extracellular material and was scored from 1 to 3
(1 = lowand 3 = high). Background score was subtracted from the inten-
sity of staining score and a mean grade calculated for each antibody in each
type of tissue (e.g., 1 = poor, 2 = average, 3 = good, 4 = excellent) (Ta-

ble

3).

Table 2. Monoclonal antibodies tested immunohistochemically on rat tissue

Optimal dilution
Clone Specificity Form? Frozen® Paraffin® Source Ref.
OX 34 CD2 (T-cells and unidentified cells) Sn 1:20 1:20 Seralab 1
OX 19 CD5 (T-cells) Sn 1:20 1:20 Seralab 8
W3/25 CD4 (helper T-cells and macrophages) Sn Neat Neat Seralab 1,6,8
Pur 1:50 1:50
OX 8 CD8 (cytotoxic T-cells and most NK-cells)  Sn 1:50 1:50 Seralab 1,6,8
OX 39 CD25 (activated T- and B-cells) Sn 1:50 1:50 Seralab 22
OX 33 CD45RA (B-cells) Sn 1:100 1:100 Seralab 35
0X 6 Class II MHC Sn 1:50 1:50 Seralab 32
ED2 Tissue macrophages Asc 1:1000 1:1000 Serotec 9,15
OX 42 CD11b/c (macrophages, granulocytes, Sn 1:5 1:5 Seralab 24
and dendritic cells)
HIS 48 Granulocytes and erythrocytes Pur 1:500 1:500 PharMingen 31

4 Sn, supernatant; Pur, purified; Asc, ascites fluid.
& Frozen spleen.
¢ PLP-fixed, paraffin-embedded spleen.
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Table 3. Comparison of PLP-fixed, paraffin-embedded
sections with frozen sections

Mouse Rat

Staining score® Staining score®

Clone Pataffin Frozen Clone Paraffin Frozen
RA3-6B2 4 3 OX 33 3 1
G7 4 1 0X 19 4 2
RM 4.5 3 2 OX 34 2 1
KT15 2 3 W3/25 Snb 2 1
3C7 3 1 W3/25 Pur® 3 1
YE2/36 3 2 (0). @] 3 2
Cl:A3-1 4 3 OX 39 3 3
M1/70 4 2 0X 6 2 2
RB6-8C5 3 2 ED2 4 4
HIS 48 2 3

“ Staining score = intensity of specific staining minus intensity of background
staining. Specific staining was scored from 1 to 4, where 1 = poor, 4 = excellent;
background staining was scoted from 1 to 3 where 1 = low, 3 = high.

& Sn, supernatant; Pur, purified.

Results

‘Ten monoclonal antibodies against rat and 17 MAbs against mouse
cell surface antigens were tested on both paraffin-embedded and
frozen spleen. All those against rat antigens successfully stained
appropriate cells in both types of section (Table 2). In mouse tis-
sue, 10 of the 17 MAbs stained both types of section (Table 1). Four
MAbs, against CD3* T-cells (KT3), CD25 (IL-2 receptor) (AMT-
13), CD4* T-cells (KT6), and CD8* T-cells (53-6.7) stained only
frozen sections, and three antibodies (RM4-4 and KT174 against
CD4* T-cells and $3-5.8 against CD8" T-cells) were negative on
both types of section. Two further antibodies against mouse CD3"
T-cells (YCD3-1) and CD4* T-cells (H129.19) were also tested on
paraffin-embedded tissue only (Table 1). Both successfully stained
this type of section. Staining of control slides incubated with diluent
only (mouse tissue) or inappropriate antibody (rat tissue) instead
of the primary MAb was negative.

Comparison of Paraffin-embedded and
Frozen Tissue

Morphology. Paraffin sections gave consistently good to excel-
lent morphology when stained with any of the 19 MAbs listed in
Table 3. The cells were discretely stained, with little leaching of
the antigen from the cell (Figure 1a). The motphology of frozen
sections was much more variable and ranged from poor to good.
In all cases, leaching of antigen caused a halo effect around stained
cells (e.g., Figure 1b). In areas of dense staining, individual cells
could still be identified in paraffin sections (Figure 1c), but this
was not possible in frozen sections with certain antibodies, e.g.,
G7 (Thy-1 antigen on mouse T-cells) and YE2/36 (against the 1A
chain of mouse MHC class 1T} (Figute 1d), as the morphology was
very poot. Frozen sections were also mote prone to drying out dur-
ing the staining procedure, tesulting in worse morphology and a
reduction in staining intensity.

Staining Quality of Mouse Spleen Cells. In paraffin-embedded
sections, all MAbs listed in Table 3, except fot clone KT15 against
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CD8, showed good to excellent staining (score of 3 or 4) on all slides,
which was more intense than on the equivalent frozen sections.
Moreover, background staining was generaily less intense than in
frozen sections. The staining intensity for CD8* T-cells on paraffin-
embedded tissue was widely variable between sections on the same
slide and between different slides, ranging from poor to good (Fig-
ure le), whereas staining for CD8* T-cells on frozen sections was
consistently good (Figure 1f). Antibodies RA3-6B2 (CD45R on
mouse B cells), C1:A3-1 (F4/80 antigen on mactophages and den-
dritic cells), and M1/70 (CD11b on macrophages and granulo-
cytes) (Figures la and 1b) stained equivalent numbers of cells in
paraffin and frozen sections. However, antibodies G7, 3C7 (CD25),
and RB6-8C5 (Gr-1 antigen on granulocytes) appeared to stain more
cells in paraffin-embedded tissue than in frozen tissue, whereas
RM4-5 (CD4" T-cells) (Figures 1g and 1h), KT15, and YE2/36
(Figures 1c and 1d) appeared to stain fewer cells. Unfortunately,
precise quantification was difficult because of the morphological
differences between paraffin and frozen sections. PLP fixation and
paraffin embedding resulted in shrinkage of the tissue, thus mak-
ing individual cells smaller than in acetone-fixed frozen sections
(Figures 1 and 2). Furthermore, cells could not be counted in many
of the frozen sections because it was impossible to distinguish in-
dividual cells.

Staining Quality of Rat Spleen Cells. In paraffin-embedded
sections, six MAbs, OX 33 (CD45RA on B-cells), OX 19 (CD5 an-
tigen on T-cells), purified W3/25 (CD4* T-cells and macrophages),
OX 8 (CD8" T-cells), OX 39 (CD25), and ED2 (tissue macrophages)
gave good to excellent staining, which was more intense of equal
to the equivalent frozen spleen sections (Table 3). Three antibod-
ies, OX 34 (CD2 cells), W3/25 supernatant, and OX 6 (I-A chain
of MHC class IT) showed average staining (i.e., score of 2) on paraf-
fin sections, the intensity of which was superior to or equal to that
in frozen tissue, and HIS 48 (granulocytes) stained frozen sections
better than paraffin sections. Antibodies OX 33 (Figures 2a and
2b), OX 34 (Figures 2¢ and 2d), purified W3/25 (Figures 2e and
2f), OX 8, and ED2 stained equivalent numbets of cells in both
types of spleen section. Antibodies OX 19, OX 39, OX 6, and HIS
48 appeared to stain fewer cells in paraffin sections than in frozen
sections. Overall, the intensity of staining for each MAb was con-
sistent between slides, except for W3/25, which ranged from poor
to good on both paraffin and frozen tissue. The supernatant form
of W3/25 was particularly weak on paraffin sections. Background
staining was usually greater in frozen than in paraffin sections.

Processing and Staining of Rat and Mouse Eyes

Paraffin-embedded whole mouse eyes and bisected rat eyes were
easy to section serially. The morphology was excellent, and individual
stained cells could be readily identified in the tissue (Figure 2g).
In comparison, it was impossible to obtain serial sections of frozen
eyes without damaging the tissue structure and, after staining, the
morphology was very poor, with weaker specific staining and in-
creased background staining (Figure 2h).

Discussion
Using a combination of a mild PLP fixation with only 0.25%






