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Utility of AntiPax5 in the Diagnosis
of Lymphoproliferative Disorders
and Neoplasia in Mice

Jerold E Rehg'" and John P Sundberg?

CD45R/B220 antigen (B220) is a common mouse panB-cell marker used for paraffin-embedded tissues. However, antiB220 has
limited specificity in diagnostic pathology because the B220 antigen is expressed on subsets of cytotoxic T lymphocytes and natural
killer cells, on plasmacytic dendritic cells, and on T lymphocytes of mice with the lymphoproliferative disorder associated with Fas
(lymphoproliferative mutant mouse, B6.MRL-Fas'"/]) or Fas ligand (generalized lymphoproliferative disease mutant mouse, C3H/
He]J-FasIs"/] or B6Smn.C3-Fasl$'/]). In addition, mouse B lymphocytes vary in the amount of B220 expressed, and some subsets
of mouse B lymphocytes do not express B220 at all. In comparison, Pax5 expression (detected by immunohistochemistry using
antiPax5) offers greater specificity and sensitivity because of its earlier expression during B-cell differentiation, its ability to detect
all committed B cells, and its restriction to the B-cell lineage. Here we describe the use of an antibody to human Pax5 in diagnostic

pathology with formalin-fixed, paraffin-embedded mouse tissue.

Abbreviations: B200, CD45R /B220 antigen; IHC, immunohistochemistry; LBL-NOS, lymphoblastic lymphoma, not otherwise specified;
SJCRH, St Jude Children’s Research Hospital; SMZL, splenic marginal zone lymphoma; Tdt, terminal deoxynucleotidyl transferase

CD45R/B220 antigen (B220) is commonly used as a mouse
pan B-cell marker in paraffin-embedded tissues. However, an-
tiB220 has limited specificity in diagnostic pathology, in that B220
antigen is expressed on natural killer cells and subsets of cyto-
toxic T lymphocytes that are not restricted according to major
histocompatibility complex expression, on plasmacytic dendritic
cells,>*?127 and on T lymphocytes of mice with the lymphopro-
liferative disorder associated with mutations in the Fas or Fasl
genes.'®18 In addition, mouse B lymphocytes vary in their level of
B220 expression, and some subsets of mouse B lymphocytes do
not express B220 at all.>1%17.2223

The human PAX5 gene encodes B-cell-specific activator protein,
a nuclear transcription factor also known as Pax5. The mouse Pax5
protein plays a central role in B-lymphocyte development and dif-
ferentiation and influences the balance between immunoglobulin
secretion and B-cell proliferation.!° Nuclear expression of Pax5
begins at the early proB cell stage, persists throughout B-cell dif-
ferentiation, and is downregulated at the onset of plasma cell dif-
ferentiation.? B-cell genes other than PAX5 that are expressed in
early B-cell development are CD19, CD43, and CD79a; the latter 2
are upregulated by Pax5. Like B220, CD19 is not expressed in the
early proB stage,'3!” and commercial antiCD19 is not available for
use with mouse formalin-fixed, paraffin-embedded tissue. CD43
is expressed in all major blood cell lineages but is downregulated
in mature B cells and erythrocytes. CD43 is expressed at the early
proB cell stage but is transcriptionally downregulated at the preB
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(large preBll) cell stage, when the cells express intracellular Ign.4?

Consequently, CD43 has limited use as a panB-cell marker. CD79%a
is less specific than Pax5 for B-lymphoblastic lymphomas and
leukemias in patients,?3® and whether the commercial mouse
monoclonal antihuman CD79a works in formalin-fixed, paraffin-
embedded mouse tissue is unclear.

Immunohistochemistry (IHC) studies have demonstrated that
in normal mice, the CD3-expressing T cells of the splenic peri-
arterial lymphatic sheath, lymph node paracortex region, and
thymus do not express Pax5. In contrast, the B220-expressing
B cells that make up lymph node and splenic follicles, includ-
ing their germinal centers and marginal zone, express Pax5.733
Therefore, we used a commercially available antihuman Pax5
antibody to determine the B lineage of lymphoproliferations and
lymphomas in formalin-fixed, paraffin-embedded mouse tissues.
In this report, we use individual cases to illustrate the utility of
antiPax5 antibody for demonstrating the T lineage origin of the
lymphoproliferations in Fas and Fasl mutant mice; the T- or dual-
lineage makeup of lymphomas expressing CD3 and B220, and the
B-lineage nature of lymphomas that do not express CD3 or B220.

Materials and Methods

Archive material. Peripheral lymphoid and nonlymphoid organs
were obtained at the time of necropsy from MRL/Mp]J-Fas' /],
C3H/HeJ-Fasis¥ /], B6Smn.C3-Fasl$' /], and CPt.C3H-Fasls™ /]
mice during routine disease surveillance at The Jackson Labora-
tory (Bar Harbor, ME) and from the pathology department ar-
chives at St Jude Children’s Research Hospital (SJCRH, Memphis,
TN). The SJCRH archival tissues were from the institution’s colo-
nies of mice with B6.129 backgrounds and bred for targeted gene
deletions associated with the Arf~-Mdm2-p53 pathway. Tissue
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Figure 1. Representative histology and immunohistochemistry of the lymphoproliferative disorder in Fas and Fas! mutant mice. (A) Lymph node of a
Fasl mutant mouse, consisting of small mature lymphocytes with uniform nuclei and condensed chromatin. Hematoxylin and eosin stain. (B) The bulk
of the lymphocytes in the lymph node express CD3. (C) A section of the lymph node shown in panels A and B. The bulk of the lymphocytes that express
CD3 also express CD45R /B220. (D) The lymphocytes of the Fasl mutant mouse lymph node that expressed both CD3 and CD45R /B220 do not express
Pax5, consistent with the lymphocytes being of T-cell lineage. A few normal B lymphocytes that express Pax5 are scattered through the abnormal lym-

phoproliferative population. Magnification, x80.

was fixed in either Fekete acid—alcohol-formalin solution (The
Jackson Laboratory)? or 10% neutral buffered formalin (SJCRH),
embedded in paraffin, and processed routinely; 4-um sections
were prepared and stained with hematoxylin and eosin or used
for immunohistochemistry as described in the following section.
The histopathology of all cases was reviewed by 1 of the authors
(JER), and lymphomas were classified according to the guidelines
proposed by the Mouse Models of Human Cancers Consortium.?
The tissues were obtained from mouse projects approved by the
institutional animal care and use committees at The Jackson Labo-
ratory and SJCRH.

Immunohistochemistry. Inmunoperoxidase labeling was per-
formed on tissue fixed in Fekete acid—-alcohol-formalin solution
or 10% neutral buffered formalin and paraffin-embedded. Briefly,
4-um sections were used for immunoperoxidase analysis after
heating for 1 h at 60 °C, deparaffinization, and rehydration. Af-
ter antigen retrieval for 30 min in Target Retrieval solution (Dako,

Carpinteria, CA; CD3, CD43, IgM, « light chain), for 15 min in
citrate (Zymed, San Francisco, CA; CD45/B200) or 30 min in cit-
rate (terminal deoxynucleotidyl transferase [Tdt], Pax5), IHC was
performed by using the avidin-biotin peroxidase complex tech-
nique in an automated immunostaining module. The antibodies
and dilutions used were: rat antimouse CD45R /B220, 1:200 (clone
RA3-6B2); rat antimouse IgM, 1:60 (clone 1I/41, PharMingen, San
Diego, CA); goat polyclonal antihuman CD3, 1:400 (Santa Cruz Bio-
technology, Santa Cruz, CA); rat antimouse CD43, 1:20 (clone S7,
PharMingen); rabbit polyclonal antihuman Tdt, 1:20 (Supertechs,
Bethesda, MD); goat polyclonal antihuman Pax5, 1:100 (Santa Cruz
Biotechnology); and goat polyclonal antimouse « light chain, 1:2000
(Southern Biotechnology Associates, Birmingham, AL). Normal
spleen and thymus served as positive lymphocyte antigen controls;
these tissues were processed and stained with the subject speci-
mens. For negative control specimens, isotype and concentration
matches were substituted for primary antibodies.

247



Vol 58, No 3
Comparative Medicine
June 2008

Table 1. Lymphocyte antigens detected by immunohistochemistry in mouse lymphoproliferations

Lymphoid classification N2 CD3 CD45R/B220 Pax5 CD43 Tdt clgn

Fas'"; Fasl 84 lymphoproliferation disorder 7° 7 7 0 7° 0 0

Lymphoma with CD3 and B220 expression 6 6 6 0 0 0 0
(biphenotypic)

Pro-B lymphoblastic lymphoma 3 0 0 3 3 3 0

Pre-B lymphoblastic lymphoma 7 0 0 7 0 0

Splenic marginal zone lymphoma 18 0 10 18 0 0

Tdt, terminal deoxynucleotidyl transferase

aNumber of mice examined.

bNumber of mice with antigen expression by immunohistochemistry.
€50% to 60% of the lymphocytes had detectable CD43 expression.

Results

Lymphoproliferations with CD3 and B220 expression. Mice
homozygous null for either the Fas'" or the Fasls" gene develop
lymphadenopathy due to proliferation or decreased apoptosis of
abnormal T cells, which express CD3 and B220.'¢!8 The lymphoid
tissues of 5 Fasl8"/Fasls' (B6Smn.C3-Fasls'/], n = 2; C3H/He]J-
Fasls® /], n = 2; CPt.C3H-Fasl$¥ /], n = 1) mice and 2 Fas'¥"/Fas'"
(MRL/Mp]-Fas''/) mice were labeled with CD3, B220, Pax5,
CD43, and IgM antibodies. The lymphocytes associated with the
diffuse hyperplastic lymphocyte proliferation in the lymphoid tis-
sues of all 5 Fasl$"/Fasi8 and the 2 Fas'"/Fas'"" mutant mice were
small with mature chromatin and expressed surface CD3, B220,
and CD43, but they did not express nuclear Pax5 or immuno-
globulin (Figure 1, Table 1).

Lymphomas with CD3 and B220 expression. Lymphomas ex-
pressing CD3 and B220 in mice have been genetically determined
to be of T-cell lineage.?! Six cases of lymphoma with cells that ex-
pressed CD3 and B220 were retrieved from the SJCRH institution-
al tissue archive of genetically manipulated mice (Table 1). The
lymphoma in all 6 cases was disseminated, involving lymphoid
and nonlymphoid organs. The lymphomas had high mitotic rates;
the nuclei of these cells were 2 to 2.5 times the size of those from
normal lymphocytes and had inconspicuous or distinct nucleoli
(Figure 2 A). In some tissues, 2 populations of cells were appar-
ent: 1 that expressed both CD3 and B220 (Figure 2 B, C) and 1
that expressed only CD3. However, in other tissues, 2 distinct
populations were less clearly distinguishable. In our 6 cases, the
lymphoma cells expressing CD3 and B220 did not express Pax5
(Figure 2 D) or immunoglobulins (Table 1), and CD43 was ex-
pressed only by lymphocytes expressing CD3 in the absence of
B220 expression.

Lymphomas that lack B220 expression. A review of the lympho-
mas in the SJCRH tissue archive that did not express CD3 or B220
identified 2 morphologically distinct sets of lymphomas. One set
of 10 lymphomas was morphologically consistent with lympho-
blastic lymphoma (LBL, Figure 3 A); the other set of 8 lymphomas
involved only the spleen and was morphologically similar to the
10 splenic marginal zone lymphomas (SMZL, Figure 4 A, B)!134
in the tissue archive.

Approximately 55% of preB and 65% of early preB (proB)
childhood lymphoblastic leukemias reportedly do not express
the panB-cell CD20 marker.® The frequency of mouse lympho-
blastic lymphomas that do not express the panB-cell B200 antigen
is not well documented. The 10 mouse CD3~ LBL lacking B220
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expression initially were classified as ‘LBL, not otherwise speci-
fied” (LBL-NOS). AntiPax5 labeling showed diffuse nuclear Pax5
expression in all 10 of the LBL (Figure 3 D, Table 1); 3 of the 10
LBL also expressed Tdt and CD43 (Figure 3 B, C), but they lacked
cytoplasmic Igp (Table 1). The other 7 LBL-NOS did not express
Tdt, CD43, or light chain immunoglobulin, but the cells expressed
cytoplasmic Igu with weak to moderate intensity (Table 1).

The 18 lymphomas with the distribution pattern and cytologic
morphology of SMZL (Figure 4 A, B) had 2 B220 immunopheno-
typic profiles. Whereas 10 of the SMZL expressed B220, 8 did not
(Figure 4 C). The cytologic morphology of the 2 sets of lympho-
mas was similar. The lymphomas consisted of small or medium
sized lymphocytes with either round or irregular nuclei and a
moderate amount of pale cytoplasm (Figure 4 B). Although B220
expression was not detected in 8 of the 18 lymphomas with SMZL
morphology (Figure 4 C), nuclear Pax5 expression was evident in
all 18 by IHC with antiPax5 antibody (Figure 4 D, Table 1).

Discussion

B220 antigen is the standard panB-cell marker for identifying
mouse B-cell lymphoproliferations and lymphomas. However,
the B220 antigen is sometimes expressed on T lymphocytes and
T-cell lymphomas, and it is often not detected in some B-cell
lymphomas.*#11.16182731 Consequently, antibody to B220 is not
ideal for diagnosis of mouse lymphoproliferative disorders and
B-cell lymphomas. In normal mice, antiPax5 antibody labels the
lymphocytes in the spleen and lymph node that express CD45R/
B220.73% These observations suggest that antibody to Pax5 may be
superior to antiB220 in identifying abnormal B-cell lymphoprolif-
erations. However, to date, antiB220 and antiPAX5 have not been
compared extensively in the diagnosis of mouse hematopoietic
disorders.

The present study confirms that proliferating lymphocytes
of Fas and Fasl mutant mice express both CD3 and B220. To our
knowledge, this is the first study to demonstrate that a high per-
centage of the lymphocytes expressing CD3 and B220 also express
CD43, whereas none tested express Pax5 or immunoglobulin.
The expression of CD43 on CD3*B220* lymphocytes suggests
that they may be T lymphocytes, although CD43 is not a lineage-
specific antigen. Further, the lack of Pax5 and immunoglobulin
expression in these lymphocytes is consistent with the T-cell lin-
eage of the proliferating lymphocytes in Fas and Fasl mutant mice.
With the extensive development of genetically engineered mice,
mice with various genetic mutations in the Fas apoptotic path-
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Figure 2. Representative histology and immunohistochemistry of T-cell lymphomas expressing CD45R /B220. (A) This section of lymphoma shows
lymphocytes with large vesicular nuclei and prominent nucleoli. Hematoxylin and eosin stain. (B) Overall, the population of lymphoma lymphocytes
expresses CD3. (C) At least 50% of the lymphoma lymphocytes that express CD3 also express CD45R /B220. (D) Lymphoma lymphocytes that express
CD45R /B220 do not express Pax5, suggesting that the mouse has 2 T-cell lymphomas, 1 of which expresses CD3 and CD45R/B220. A few normal B

lymphocytes that express Pax5 are scattered through the tumor. Magnification: x50 (A); x40 (B-D).

way may be developed intentionally (Fas!"Dlo, Fag]tm1-1Lesty1528 o
inadvertently, and the use of antiPax5 antibody will be useful in
diagnosing this type of lymphoproliferative disorder.

The lack of Pax5 expression and detectable immunoglobulins
in the CD3*B220* lymphomas suggests that the 6 mice presented
have 2 distinct T-cell lymphomas, 1 expressing only CD3 and 1
expressing both CD3 and B220. The lymphoma expressing only
CD3 also may express B220 but at a level below the limit of detec-
tion by IHC. However, multiple neoplasms frequently develop
in genetically manipulated mice.!%% The CD43 antigen is not
lineage-specific and is only weakly expressed on cortical thymo-
cytes. Therefore, the lack of detectable CD43 expression in the
CD3*B220* lymphoma lymphocytes further suggests that these
lymphomas may represent a T-cell stage with weak CD43 expres-
sion that is below the limit of IHC detection. In addition, these 2
immunophenotypic lymphoma populations may have originated
from the same clone, with 1 population arising from the other.
Tissue was not available for clonal analysis, but clonal analysis

is not always helpful in the diagnosis of lymphoid neoplasia in
genetically targeted mice.?’ Although the immunophenotype of
1 population was similar to that of Fas and Fasl mutant mice, the
proliferations in all 6 cases were considered to be neoplastic rather
than benign lymphoproliferations on the basis of the high mitotic
rates, large nuclei, prominent nucleoli, and extensive involvement
of nonlymphoid organs.

B220, a common panB-cell marker used to identify mouse B
lymphocytes, is not expressed on B cells during their earliest de-
velopmental stages,?® and FACS analysis does not detect B220
on the surface of 20% of SMZL in mice.!! Similarly, CD20, a com-
mon panB-cell marker used to identify human B lymphocytes,
frequently is not detected by FACS analysis on the cell surfaces of
human B-cell lymphomas.® These observations suggest that some
B-cell antigens such as CD20 and B220, are not detected because
they are not expressed or because they are expressed at a low
level rather than because the tissues were fixed in formalin and
embedded in paraffin.
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Figure 3. Representative histology and immunohistochemistry of mouse lymphomas that do not express CD3 or B220. (A) Section of a lymph node
from a mouse with lymphoblastic lymphoma. At the left, macrophages with tingible bodies are associated with the tumor lymphocytes, which have
small- to medium-sized nuclei and inconspicuous or small nucleoli. Hematoxylin and eosin stain. (B) Lymphoma cells showing varying intensity of
expression of terminal deoxynucleotidyl transferase, consistent with a lymphoblastic lymphoma. (C) Overall the lymphoma cell population has strong
expression of CD43, consistent with a lymphoblastic lymphoma. (D) Overall the lymphoma cell population shows strong nuclear expression of Pax5,

indicating a B-lymphoblastic lymphoma. Magnification, x80.

The detection of Pax5 expression in the 10 LBL that did not
express CD3 or B220 clearly indicates that these lymphomas were
of B-cell lineage. Subsequently, the LBL-NOS were reclassified
as either early preB (proB) LBL or preB LBL on the basis of the
antigen expression scheme of B-cell ontogeny.?> Mouse B cells
and T cells express both Tdt and CD43 early during B-cell and
T-cell ontogeny.?® The 3 lymphomas expressing Pax5, Tdt, and
CD43 but lacking cytoplasmic Igu were classified as early preB
(proB) lymphoblastic lymphoma. The other 7 LBL having Pax5
expression and variable cytoplasmic Igp expression but lacking
Tdt, CD43, and immunoglobulin light chain expression were clas-
sified as preB LBL.

B220 in SMZL has been reported as undetectable by flow cy-
tometry, which is more sensitive than IHC.!! The B-cell nature
of the 8 B220~ lymphomas with SMZL morphology was clearly
demonstrated by IHC using antiPax5 antibody. The detection of
IgM or x light chain immunoglobulin also would be helpful in
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these situations. IgM and «x light chain are detected by flow cy-
tometry in a high percentage of mouse SMZL.!'3! However, IHC
of paraffin-embedded tissues frequently is not sufficiently sensi-
tive to detect immunoglobulin on lymphocytes.'? Furthermore,
immunoglobulin IHC is complicated by nonspecific background
uptake of immunoglobulin by a variety of cells and by staining of
extracellular serum or stromal immunoglobulin molecules. Our
study shows that these problems can be alleviated by using anti-
Pax5 to confirm the B-cell nature of B220- SMZL. A recent report
describes 2 types of SMZL in human patients: 1 type consists of
nonmutated cells believed to originate from naive marginal zone
B cells, and the other type consists of mutated cells thought to
arise from memory marginal zone B cells.3>?* The mouse splenic
marginal zone comprises a heterogeneous B-cell population con-
sisting of memory postgerminal-center B cells, naive transitional
B cells from the bone marrow, and recirculation B cells.?? A na-
ive marginal zone cell population was shown to be negative for
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Figure 4. Represent. of splenic marginal zone lymphomas that do not express CD45R /B220. (A) Splenic mar-

ginal zone lymphoma with multiple follicles that have expanding marginal zones that extend into the red pulp and bridge the follicles. Hematoxylin
and eosin stain; magnification, x4. (B) Splenic marginal zone lymphoma in the red pulp. The lymphoma cells have small to medium round or irregular
nuclei and abundant pale cytoplasm. A mitotic figure is evident in the upper right corner. Hematoxylin and eosin stain; magnification, x50. (C) The
lymphoma cells in the marginal zone surrounding the follicle and in the red pulp do not express CD45R /B220. Magnification, x10. (D) The lymphoma

cells in the marginal zone surrounding the follicle and filling the red pulp express Pax5 with strong intensity. Magnification, x10.

the B220 and CD5 expression that is characteristic of B1b cells.3%
Mouse marginal zone lymphomas are CD5~ by IHC.!! Adult
mouse Blb cells arise from the bone marrow and are found in a
variety of tissues, including the spleen. B1b cells are responsible
for the innate immune response and respond readily to a vari-
ety of T-independent antigens. Marginal zone lymphomas that
express B220 are reported to have immunoglobulin heavy chain
rearrangements,® which indicate that these lymphoma cells are
mutated memory cells. The mutational status of the B220~ SMZL
in the present and other studies remains undetermined.

The described findings indicate that antibody to the B220 an-
tigen has limitations for diagnosis of mouse lymphoproliferative
disorders and B-cell lymphomas. The findings demonstrate the
value and superiority of antiPax5 to anti-B220 in determining
whether lymphoproliferations and lymphomas that express CD3
and B220 are of B-cell or T-cell lineage and in confirming that lym-
phomas not expressing B220 are of B-cell lineage.
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