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Major histocompatibility complex class II antigen
expression in B and T cell non-Hodgkin's lymphoma
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SUMMARY An immunohistochemical study of 46 B and T cell non-Hodgkin's lymphomas, using
monoclonal antibodies to the products of the major histocompatibility complex (MHC) class II

antigen subregions, DP, DQ, and DR, showed that most B and T cell lymphomas express these
antigens. Both coordinate and non-coordinate expression of MHC class II antigens was observed,
but this did not correlate with immunological phenotype, morphological grade, or proliferation
index as determined by flow cytometry.

Class II major histocompatibility complex (MHC)
antigens are heterodimeric glycoproteins composed
of a and P subunits and are encoded by three sub-
regions, DP, DQ, and DR in the D region of the
MHC on chromosome 6. They are expressed predom-
inantly on B lymphocytes, activated T lymphocytes,
histiocytes and vascular endothelium. B lymphocytes
show coordinate expression of DP, DQ, and DR
products.1 MHC class II antigens are thought to have
important functions in the interactions between lym-
phocytes and in antigen presentation to lymphocytes
by macrophages.

It has been suggested that MHC class II antigen
expression in leukaemic cells may be related to cellu-
lar differentiation.2 B cell non-Hodgkin's lymphoma
may show either coordinate or non-coordinate
expression of MHC class II subregion products, and
it has been suggested that within B cell non-
Hodgkin's lymphoma antigen expression may be
related to cellular proliferation.34
The aims of this study were to document MHC

class II DP, DQ, and DR expression in B and T cell
non-Hodgkin's lymphoma and to relate this expres-
sion to an index of cellular proliferation measured by
flow cytometry.

Material and methods

TISSUES
Forty six biopsy specimens from 45 patients with
non-Hodgkin's lymphoma were studied (table 1).
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Cases 3, 1 1, and 12 were of spleen, 4 and 31 of tonsil,
14 of palate, 20 of submandibular salivary gland, and
44 and 45 of skin. The remainder were lymph nodes.
Case 32 was from the same subject as biopsy 26 but
taken 40 months later. Portions of each specimen
were snap frozen in liquid nitrogen and the remainder
fixed in 10% formalin and routinely processed to
paraffin.

IMMUNOHISTOCHEMISTRY
An indirect immunoperoxidase technique was used
on frozen sections 8 pm thick.5 Table 2 lists the mono-
clonal antibodies used. In addition to those directed
against MHC antigens, monoclonal antibodies
directed against a wide range of B and T lymphocyte
surface membrane antigens were applied to pheno-
type tumours. Skin sections were incubated with the
primary antibody overnight. Other sections were
incubated with the primary antibody for one hour.
All monoclonal antibodies were used at optimal dilu-
tions derived from titration studies performed on fro-
zen sections of fresh tonsil.
Each MHC class II antigen immunoperoxidase

preparation was assessed by a standard procedure.
The percentage of positive staining cells was assessed
visually and each case was assigned to one of the fol-
lowing grades: grade 0 (0- < 5% cells positive); grade
1 (5- <25% cells positive); grade 2 (25-<50% cells
positive); grade 3 (50-<75% cells positive); grade 4
(75-100% cells positive).

Staining of less than 50% of cells (grades 0, 1, and
2) was considered to indicate significantly "reduced
expression" ofMHC class II antigens, and staining of
more than 50% of cells (grades 3 and 4), "strong
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Table 1 MHC class II antigen expression in relation to lymphoma subtype, DNA ploidy level, andproliferation index

MHC class II antigen expressiont

Case Lymphoma DP + DQ + DR DQ + DR DP DQ DR DR Ploidy Proliferation
No subtype* (CR3.43) (DA6.147) (B7.21) (Leu 10) (DA6.164) (L243) level index§

1 MLL 4 4 4 4 4 Di 31
2 MLL 4 3 1 4 4 An
3 MLL 4 4 2 2 3
4 MLL 4 4 4 4 4 An
5 MLL 4 4 0 0 4 Di 18
6 MLL 4 3 4 4 0 4 Di 6
7 MLL 4 3 4 4 4 Di 10
8 MLL 4 4 0 0 0 4 Di 8
9 MLL 4 4 4 4 4 Di 4
10 MLL 4 4 2 4 4 Di 15
11 HCLeuk 3 3 0 3 4 Di 9
12 HCLeuk 3 3 3 3 3 Di 9
13 MLCC 4 4 4 4 4
14 MLCC 4 3 4 4 4 Di 31
15 MLCC 3 0 0 2 1 1 An
16 MLCC/CB-F 4 4 1 4 4 Di 5
17 MLCC/CB-F 4 4 4 4 4 An
18 MLCC/CB-F 4 4 4 3 4 An
19 MLCC/CB-F & D 4 4 4 4 4 Di 26
20 MLCC/CB-F & D 4 4 4 4 4
21 MLCC/CB-F & D 4 4 4 4 4 Di 12
22 MLCC/CB-F & D 4 4 4 4 4
23 MLCC/CB-F & D 4 3 3 4 4
24 MLCC/CB-F & D 4 4 4 4 4 Di 28
25 MLCC/CB-D 4 4 0 1 4
26 MLCC/CB-D 4 4 4 4 4
27 MLLB 4 1 0 1 1 0 Di 47
28 MLLB 0 0 0 0 0 1 Di 31
29 MLLB 4 0 0 1 1 1 Di 20
30 MLCB 4 3 4 3 4 Di 36
31 MLCB 4 4 2 2 1 4 Di 34
32 MLCB 4 4 4 4 4
33 MLCB 4 4 4 4 0 3 Di 12
34 MLCB 4 4 4 4 4 Di 35
35 MLIB 4 4 4 4 0 4 Di 26
36 MLIB 4 4 4 4 4 Di 23
37 Non-MF T cell 4 3 4 4 4 Di 27
38 Non-MF T cell 4 4 4 4 4 Di 14
39 Non-MFTcell 4 1 1 0 2 0 Di 35
40 Non-MFT cell 4 4 4 4 4 Di 20
41 Non-MF T cell 4 3 0 3 4 Di 21
42 Non-MF T cell 3 3 4 4 3 Di 15
43 Non-MF T cell 4 4 4 4 4 Di 16
44 MF 3 2 1 1 1 1 Di 9
45 MF 4 4 3 4 4 Di 18
46 MF 1 1 1 1 1 0 An

*MLL = malignant lymphoma lymphocytic; HCLeuk = hairy cell leukaemia; MLCC = malignant lymphoma centrocytic; MLCC/CB = malignant
lymphoma centrocytic/centroblastic; F = follicular; D = diffuse; MLLB = malignant lymphoma lymphoblastic; MLCB = malignant lymphoma centro-
blastic; MLIB = malignant lymphoma immunoblastic; non-MF T cell = non-mycosis fungoides T cell lymphoma; MF = mycosis fungoides.
tGrade O = < 5%, 1 = S to < 25%, 2 = 25 to < 50%, 3 = 50 to < 75%, 4 = 75 to 100% of positively staining cells.
tPloidy level: Di = DNA diploid, An = DNA aneuploid: Eight cases not studied; four insufficient material; four large (> 15%) coefficient of variation.
§Proliferation index = % cells in S and G2 phase.

expression." Coordinate expression of MHC class II
antigens was defined as strong expression of all three
subregion products and non-coordinate expression as
reduced expression of one or more subregion
products.

LYMPHOMA CLASSIFICATION
Tumours were assigned to the B or T cell lineage on
the basis of the surface membrane immuno-
phenotype.' Lymphomas of B cell phenotype were
classified morphologically according to the Kiel
classification. 2 Lymphomas ofT cell phenotype were

classified either as mycosis fungoides or non-mycotic
T cell lymphomas.

FLOW CYTOMETRY
Nuclear DNA measurements were performed as pre-
viously described,'3 using a modification of the
method of Hedley et al.'4 Briefly, 30gm sections of
routinely processed paraffin embedded tissue were
dewaxed in xylene and rehydrated by passing through
a series of graded alcohols. The tissue was washed in
distilled water, digested by pepsin (Sigma), stained
with a 1 pg/ml solution of 4',6'-diamidino-2-

MHC class II antigens in non-Hodgkin's lymphoma 35
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36 Smith, Holgate, Williamson, Grigor, Quirke, Bird
Table 2 Specificity and source ofmonoclonal antibodies

Antibody Specificity Allotype restriction Source

CR3.43 MHC class II, DP + DQ + DR6 None CM Steel
DA6.147 MHC class II, DR + DQ' None CM Steel
B7/21 MHC class II, DP8 None CM Steel
Leu 10 MHC class II, DQ9 DR3, DR7 Becton Dickinson
DA6.164 MHC class II, DR10 DR7 CM Steel
L243* MHC class II, DR9 1l None Becton Dickinson
Anti-IgM IgM heavy chain Unipath
Anti-IgD IgD heavy chain Unipath
Anti-IgG IgG heavy chain Unipath
Anti-IgA IgA heavy chain Bethesda Research Laboratories
Anti-K K light chain Unipath
Anti-A 1 light chain Unitpath
OKT4 Helper/inducer T cell (CD4) Ortho Diagnostics
OKT8 Suppressor/cytotoxic T cell (CD8) Ortho Diagnostics
T6 Common thymocyte antigen (CDI) Coulter Electronics
OKT1 1 Pan T cell (CD2) Ortho Diagnostics
UCHT-1 Mature T cell (CD3) Unipath

*Used only in cases in which DA6. 164 stained less than 50% of cells.

phenylindole dihydrochloride (Boehringer Mann- ation index. Cell cycle analysis was not performed in
heim, West Germany), filtered and syringed. Samples DNA aneuploid tumours due to overlap of cell popu-
containing 10000 nuclei were analysed by an EPICS lations. A standard programme (Coulter Electronics,
V flow cytometer (Coulter Electronics, Hialeh, Hialeh, Florida, United States) was used to calculate
Florida, United States). For excitation, a Coherent the half peak coefficient of variation of the GO/G,
Innova-90 SW UV enhanced argon ion laser was used peak in diploid cases.
at 50 mW, at a wavelength of 350 nm. A 408 nm inter-
ference filter removed incident scattered fluorescence. Results
DNA aneuploidy was defined as the presence of

more than one Go/G1 peak.15 Cell cycle analysis was Immunostaining with standard lymphoma markers
performed in diploid tumours using the method of showed that 36 non-Hodgkin's lymphoma were of B
Bagwell et al. 6 The percentage of cells in the S and cell and 10 of T cell phenotype (table 1). Equal num-
G2 compartments were combined to give a prolifer- bers of B cell tumours exhibited K and A light chain

Table 3 Pattern ofMHC class II antigen expression

DR DQ DP
Lymphoma subtype* (DA6.164 or L243)* (Leu 10) (B7/21) No of cases

B cell lymphoma:
Malignant lymphoma lymphocytic + + + 5

+ + - 2
+ - - 3

Hairy cell leukaemia + + +
+ + _ 1

Malignant lymphoma centrocytic + + + 2

Malignant lymphoma centrocytic/centroblastic + + + 9
+ + _

Malignant lymphoma Iymphoblastic - - - 3
Malignant lymphoma centroblastic + + + 4

+ --1
Malignant lymphoma immunoblastic + + + 2

T cell lyphoma:
Non-mycosis fungoides T cell lymphoma + + + 5

+ + _

Mycosis fungoides + + +
~~~~~~~~~2

Total 46

= grade 3 and 4; - = grade 0, 1 and 2.
DR grade = DA6. 164 grade, unless L243 grade was higher.
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MHC class II antigens in non-Hodgkin's lymphoma

Fig I Case 21 (MLCC/CB-Fand D) stained by Leu 10. Note strong DQ antigen expression by most cells within
neoplastic follicle (F) and weaker expression and sometimes absence ofexpression by interfollicular (IF) cells.
(Immunoperoxidase.)

restriction. Twenty six B cell non-Hodgkin's lym-
phoma were of low grade morphology and 10 of high
grade. Three of the 10 T cell non-Hodgkin's lym-
phoma were of mycosis fungoides type. None of the
remaining T cell lymphomas expressed the corticalL?._''_ __4

~~~~~ANAIR .lwRKI .+ . .'' 1

Fig 2 Case 40 (non-mycosisfungoides T cell) stained by
B7/21. Note strong expression ofDP antigen by tumour cells.
(Immunoperoxidase.)

thymocyte antigen (T6).

MHC CLASS II ANTIGEN IMMUNOHISTOCHEMISTRY
Table 1 shows the MHC class II antigen expression of
each lymphoma and table 3 the different patterns of
expression within the various lymphoma subtypes.
All but one B cell and one T cell non-Hodgkin's lym-
phoma expressed MHC class II antigens when stained
by CR 3 43, which recognises DP, DQ, and DR
products.

Thirteen of 36 B cell and four of 10 T cell lympho-
mas showed non-coordinate expression of DP, DQ,
and DR products. Similar proportions of K pheno-
type (seven of 18 cases) and A phenotype (six of 18
cases) B cell lymphomas showed non-coordinate
expression. Cases showing non-coordinate expression
occurred in every lymphoma subtype apart from
malignant lymphoma immunoblastic, of which there
were only two examples. Non-coordinate expression
was most common in malignant lymphoma lympho-
cytic (five of 10 cases), malignant lymphoma lympho-
blastic (three of three cases) and mycosis fungoides
(two of three cases). There was reduced expression of
DP antigen in 17 cases, DQ antigen in 12, and DR
antigen in six. All cases showing reduced DR expres-
sion also showed reduced DQ and DP expression, and
all cases showing reduced DQ expression also showed
reduced DP expression. Some cases showed reduced
expression of DP alone (table 3).

37
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38 Smith, Holgate, Williamson, Grigor, Quirke, Bird

41n7

Fig 3 Case 20 (MLCC/CB-Fand D) stained by Leu 1O. Note strong expression ofDQ antigen by lymphoma (L),
very strong expression in epithelial acini (S) adjacent to lymphomas, and variable but generally weaker expression
ofacini (W) distantfrom lymphoma. (Immunoperoxidase.)

PATTERN OF IMMUNOSTAINING
Figs 1 and 2 show the pattern of immunostaining of B
and T cell lymphomas. In general, tumour cells with
large quantities of cytoplasm showed both surface
membrane and cytoplasmic antigen staining, whereas
those with scanty cytoplasm seemed to show only
membrane staining. The cytoplasm of vascular endo-
thelium in many lymphomas also strongly expressed
MHC class II antigens, as did the processes of den-
dritic cells in all lymphoma subtypes.

All 10 lymphocytic lymphomas contained variably
sized nodules in which cells strongly expressed MHC
class II antigens. In preparations showing reduced
MHC class II antigen expression staining was mainly
confined to the nodules. Comparison with sections
stained with haematoxylin and eosin showed that
these nodules represent the proliferation centres
observed in such tumours. 17 In eight of the nine lym-
phomas with follicular components most cells within
neoplastic follicles exhibited intense expression of all
MHC class II subregion products, with absent or
weak expression in interfollicular cells (fig 1). In some
cases staining was accentuated at the periphery of fol-
licles, possibly in the region of lymphocytic mantles.
In a submandibular salivary gland, partially replaced
by a centroblastic/centrocytic follicular and diffuse
lymphoma (case 20), epithelial acini near the lym-
phoma showed very strong cytoplasmic staining with

all MHC class II antigen antibodies, while more dis-
tant acini showed staining of variable,but decreased
intensity (fig3). The salivary gland showed no evi-
dence of autoimmune disease.

Cells expressing MHC class II antigens were
diffusely distributed within the T cell lymphomas.
MHC class II antigen expression was confined to a
prominent mesh of dendritic cells and their processes
in a lymph node affected by mycosis fungoides (case
46). The intervening tumour cells, the major com-
ponent, showed no staining.

FLOW CYTOMETRY
DNA aneuploidy was shown in six lymphomas, five
of which were of B cell type and one of T cell type.
Several patterns of MHC class II antigen expression
were present among these cases (table 1).
The mean coefficient of variation of the 32 diploid

cases was 8-7%. Table 1 documents the proliferation
indices (percentage ofcells in S and G2 phase) of these
cases. When the proliferation index was plotted
against percentage ofDP positive cells (fig 4) no direct
relation was observed. Indeed, some tumours with no
detectable DP expression had high proliferation indi-
ces, and the converse was also true. Plotting prolif-
eration index against DQ and DR expression gave
similar results, except that fewer cases showed
reduced expression. Statistical analysis of prolif-
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MHC class II antigens in non-Hodgkin's lymphoma
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Fig 4 Percentage of cells in S and G2 phase v percentage ofDPpositive cells.

eration indices in relation to non-coordinate and
coordinate expression of MHC class II subregion
products did not show significant differences (Stu-
dent's t test, p > 05).
The mean proliferation index of high grade B cell

lymphomas was 29% compared with 15% for low
grade B cell lymphomas. The mean proliferation
index ofT cell lymphomas (19%) was of intermediate
value between high and low grade B cell lymphomas.

Discussion

In this study we have shown that MHC class II anti-
gens are expressed by most B and T cell non-

Hodgkin's lymphoma. MHC class II antigen
expression is a feature of all normal B lymphocytes,1
but it only occurs in normal T lymphocytes after acti-
vation.18 In their expression ofMHC class II antigens
T cell lymphomas in this study resembled activated
rather than non-activated T lymphocytes. Examples
showing coordinate and non-coordinate expression of
MHC class II subregion products were present within
both B and T cell groups. Furthermore, patterns of
non-coordinate expression were similar in both
groups. Thus contrary to a previous suggestion,19
MHC class II antigen expression does not seem to be
useful in distinguishing B cell from T cell lymphomas.
The present study supports the work of Weiss
etal,20 21 who found that MHC class II antigen
expression is common in mycosis fungoides and
peripheral T cell lymphomas.

In showing that a substantial proportion of B cell
non-Hodgkin's lymphoma show non-coordinate

expression of MHC class II subregion products, that
DR antigens are strongly expressed in most cases, and
that reduced DQ antigen expression is common, the
results of this study agree with those with previous
work.4 In the present study all cases that exhibited
non-coordinate expression showed reduced DP
expression, whereas reduced DP expression was a rare
finding in the previous study. The reason for this
difference is not readily apparent: it may reflect
differences in the causation or nature of lymphomas
in the two geographical regions as both studies used
the same antibodies and similar immunostaining
techniques.
The patterns of non-coordinate antigen expression

were of interest. DP expression was always reduced
and was associated in some cases with reduced DQ
expression, and rarely, reduced DR expression. Thus
only three patterns of non-coordinate expression were
seen, and this may have a bearing on the mechanisms
regulating the expression of the different subregion
products. The results of the present study favour the
view that these are interdependent and that the
expression of DP depends on DQ, which, in turn
depends on DR. If this is not true study of further
lymphomas should indicate cases with different pat-
terns of non-coordinate expression, such as, for
example, reduced DR and strong DQ and DP expres-
sion. None of the lymphomas we studied has shown
such phenotypes.

It has also been suggested that the expression of
MHC class II antigens in B cell leukaemias may be
differentiation related.2 The variety of MHC class II
antigen expression observed in the lymphoid malig-

50O

40*

a m 2 a
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40 Smith, Holgate, Williamson, Grigor, Quirke, Bird
nancies studied here makes it unlikely that MHC class
II antigen expression and tumour differentiation are
closely linked.
Four of the MHC class II antigen antibodies used

in this study-CR3.43, DA6.147, B7/21 and
L243-showed no allotype restriction. Leu 10, how-
ever, does not detect DQ products present on homo-
zygous DR3 and DR7 cells.9 Complete absence of
staining with Leu 10 of both tumour and non-tumour
cells should occur in cases with these genotypes. The
complete absence of staining with Leu 10 occurring
only in case 39 may therefore have resulted from fail-
ure of antibody to recognise DQ determinants rather
than from a lack of DQ antigen. Similarly, the DR
specific antibody DA6.164 does not recognise prod-
ucts present on homozygous DR7 cells.'0 Antibody
L243 (also DR specific but with no allotype
restriction9) was used in addition to DA6.164 when
less than 50% of cells (grades 0, 1, or 2) were stained
by DA6.164. L243 staining was able to confirm the
presence or absence of DR antigens in this group of
cases.

There are several possible explanations for the
greatly increased expression ofMHC class II antigens
in the salivary gland epithelium adjacent to the
centroblastic/centrocytic lymphoma seen in case 20.
It may represent an intrinsic epithelial cell response to
physical infiltration by tumour cells, or the response
of activated T lymphocytes within the lymphoma, or
lymphoma cells themselves, with secretion of a
y-interferon like substance22 23 and induction of
MHC class II antigen expression.
Many observations suggest that MHC class II anti-

gen expression in some cell types is related to cellular
proliferation. Normal human B lymphocytes show
increased MHC class II antigen expression during the
GO/G, transition and G, phase of the cell cycle.24
There is evidence to suggest that the interleukin II
dependent proliferative response of T lymphocytes
requires T cell MHC class II antigen expression25 26:
the proliferation centres of B cell lymphocytic lym-
phoma show increased mitotic activity and increased
MHC class II antigen expression.'7

Finally, it has been suggested that MHC class II
antigen expression may be influenced by differences in
the proliferative activity of low grade and high grade
B cell lymphomas.3 In this study no direct relation
between the percentage of lymphoma cells expressing
DP, DQ, and DR antigens and the cellular prolif-
eration index assessed by flow cytometry was found.
Moreover, no significant relation was established
between the proliferation index of cases showing
coordinate or non-coordinate expression of MHC
class II subregion products. Indeed, a wide range of
proliferation indices was seen in both groups, and
case 28, with no detectable MHC class II antigen

expression, had a proliferation index of 31%. MHC
class II antigen expression, therefore, cannot be used
as a marker of cellular proliferation.

In conclusion, the results of this study indicate that
MHC class II antigen expression in non-Hodgkin's
lymphoma does not help to distinguish tumours of B
and T cell lineage. Non-coordinate expression of the
products of the MHC class II subregions-DP, DQ,
and DR-often occurs in non-Hodgkin's lymphoma.
Furthermore, the three patterns of non-coordinate
expression observed suggest the expression of the sub-
region products is interdependent. Finally, non-
coordinate expression does not show any relation to
lymphoma differentiation or to proliferation index.

This work was supported by a grant from the
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grateful to Drs CM Steel and K Guy for advice and
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