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CD74 (major histocompatibility complex (MHC) Class II invariant chain) has recently been
identified as the cell-surface receptor for the pro-tumorigenic cytokine macrophage migra-
tion inhibitory factor (MIF). Therefore, we investigated CD74 gene expression in intestinal
adenomas in Apc™™* mice and humans. CD74 mRNA (p31 and p41 splice variants) and
immunoreactive CD74 protein levels were significantly lower in small intestinal and colonic
ApcM™* mouse adenomas compared with histologically normal mucosa. These findings
were mirrored by a reduction in MHC Class II expression and Class II trans-activator type
IV transcripts. Conversely, CD74 protein levels were actually increased in dysplastic epithe-
lial cells in 47/55 (85%) human colorectal adenomas, with CD74 and MIF protein levels
together predicting increasing dysplasia in individual adenomas (P = 0.003). Down-regula-
tion of CD74 during Apc™™* mouse intestinal tumorigenesis does not model increased
CD74 expression at the early, benign stages of human colorectal carcinogenesis. Epithelial
cell CD74 represents a valid target for anti-CRC therapy.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, a novel role for cell surface CD74 has been iden-
tified as part of a receptor complex (with CD44) for the cyto-

CD74 (also known as major histocompatibility complex (MHC)
Class II invariant chain or Ii) plays a major role in processing
of MHC Class II molecules in antigen-presenting immune
cells.’ CD74 acts as a chaperone for MHC Class II molecules,
directing hetero-trimeric CD74-HLA-DR complexes for endo-
somal degradation, subsequently leading to peptide binding
and antigen presentation by Class Il molecules at the cell sur-
face.! At any one time, a significant number of CD74 mole-
cules exist transiently as a type II trans-membrane
glycoprotein at the cell surface of several cell types, including
intestinal epithelial cells, prior to internalisation.?

* Corresponding author: Tel.: +44 113 343 8650; fax: +44 113 343 8702.

E-mail address: M.A.Hull@leeds.ac.uk (M.A. Hull).

kine macrophage migration inhibitory factor (MIF).>* MIF
has important roles in the innate and acquired immune re-
sponse, as well as during carcinogenesis.” We had previously
described up-regulation of MIF expression and pro-tumori-
genic activity of MIF during the early stages of colorectal car-
cinogenesis (colorectal adenoma [or polyp] development and
growth), including anti-apoptotic activity in human colorectal
adenoma cells in vitro and pro-angiogenic properties in the
Apc™™* mouse model of intestinal tumorigenesis.®
Expression of CD74 at the early stages of intestinal tumo-
rigenesis in mice and humans has not been adequately inves-
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tigated. To the best of our knowledge, there has been no pub-
lished study of CD74 expression in murine intestinal tu-
mours. However, CD74 protein localisation has been studied
in a small number of human colorectal adenomas and in
colorectal cancer (CRC) tissue, prior to identification of CD74
as a MIF receptor.””

Detailed investigation of CD74 expression in murine and
human colorectal tumours is essential in order to further
characterise CD74 as a target for anti-CRC therapy, either as
part of an anti-MIF strategy’® or as a mechanism for anti-
body-mediated internalisation of anti-cancer agents (as has
been demonstrated for B-cell haematological malignancies™).
Therefore, we examined CD74 mRNA and protein expression
in Apc™™* mouse intestinal adenomas and human colorectal
adenomas.

2. Methods

2.1. Human colorectal tissue

Formalin-fixed paraffin-embedded (FFPE) sections were used
from 55 human ‘sporadic’ colorectal adenomas, which were
adjacent to sections from the same cohort of adenomas that
had previously been subjected to immunohistochemistry
(IHC) for MIE® FFPE human CRC tissue and spleen were used
as positive controls for CD74 IHC.®2 Approval for the use of
all anonymised human tissue samples was obtained from
The Leeds (East) Research Ethics Committee.

2.2.  Apc™* mouse intestinal tissue

All mouse tissues were obtained from our established C57Bl/6
Apc™Mi™* colony, which are maintained under strict isolator
conditions.'® Small intestine (SI) and colon tissues were ob-
tained from 120 d-old Apc™™* mice and wild-type littermates
immediately after sacrifice as described.’ Tissue was either
fixed for 24 h in 4% (w/v) paraformaldehyde in phosphate-
buffered saline (PBS) at 20 °C, prior to embedding in paraffin,
or was snap frozen in OCT using liquid N, before storage at -
70 °C, as described.'®

C57Bl/6 [i’ mouse intestine already fixed in 4% (w/v) para-
formaldehyde in PBS and stored in 70% (v/v) ethanol was a kind
gift from Dr. Shachar, Weizmann Institute of Science, Israel.™

2.3.  Laser-capture micro-dissection of mouse intestinal
tissue

Frozen cryostat sections (thickness 7 ym) were fixed in 100%
methanol at -20 °C for 20 min, and then stained with haema-
toxylin (Sigma) for 1 min under RNase-free conditions. Laser-
capture micro-dissection (LCM) was performed using a Zeiss
Axiovert 200 microscope with a PALM® Microlaser system
and Zeiss LCM Caps (Carl Zeiss Ltd., Welwyn Garden City, Uni-
ted Kingdom (UK)). Total RNA was extracted from micro-dis-
sected fragments using a PicoPure™ RNA isolation kit
(Molecular Devices Ltd., Wokingham, UK). All samples were
incubated with amplification-grade DNase I (Invitrogen, Pais-
ley, UK) for 15 min at 20 °C, prior to inactivation by addition of
25 pM ethylenediamine tetra-acetic acid for 10 min at 65 °C.

2.4. Real-time RT-PCR

First strand cDNA was synthesised using Superscript III (Invit-
rogen) as per manufacturer’s instructions. Real-time PCR was
performed as described previously by our group’® using an
ABI 7700 or 7900 sequence detector and the SYBR Green® sys-
tem (Applied Bioscience, Warrrington, UK). Primer sequences
are described in the Supplementary Table. PCRs were per-
formed in duplicate for each cDNA sample, and the mean C;
value was used for further analysis. The mean of three
‘housekeeping’ gene mRNA C; values (f-actin, glyceraldehyde-
3-phosphate dehydrogenase [Gapdh] and Psmb6 [encoding the
20S proteasome subunit]) for each cDNA sample was used
for normalisation of transcript levels for p31 and p41 CD74 iso-
forms, Class II trans-activator (CIITA) isoforms I, IIl and IV, and
vimentin using the AC; method. This normalisation strategy
had previously been demonstrated to produce accurate RT-
PCR expression profiling.’® All PCRs, including those for the
‘housekeeping’ gene transcripts, displayed similar reaction
efficiencies over a range of cDNA template concentrations
(Supplementary Fig. 1). Data are presented as the transcript
level of interest normalised to the mean ‘housekeeping’
mRNA level in arbitrary units using the equation 274,

2.5.  Immunohistochemistry for CD74 and MHC Class II

2.5.1. Mouse tissue

IHC for CD74 on 4% paraformaldehyde-fixed tissue sections
was performed using goat polyclonal anti-CD74 antibody (C-
16, Santa Cruz Biotechnology, Santa Cruz, CA, United States
of America (USA)). Paraffin-embedded tissue sections (4 pm
thickness) were de-waxed in xylene and rehydrated through
a graded alcohol series into water. Endogenous peroxidase
activity was quenched using 1.2% (v/v) hydrogen peroxide in
methanol at 20 °C for 15 min followed by washing in running
tap water for 10 min. Antigen retrieval was performed in a
900 W microwave oven for 10 min in 10 mM citrate buffer
pH 6.0 followed by an endogenous avidin/biotin block (Vector
Laboratories, Burlingame, CA, USA). Non-specific binding
sites were blocked with 10% (v/v) rabbit serum (DakoCytoma-
tion Ltd., Ely, UK) in Tris-buffered saline (TBS) for 30 min at
20 °C. Sections were incubated with 2 pg/ml C-16 antibody in
10% (v/v) rabbit serum overnight at 4 °C before washing with
TBS (5 min x2) and addition of biotinylated rabbit anti-goat
immunoglobulin (DakoCytomation Ltd.) at 1:200 dilution in
10% (v/v) rabbit serum for 30 min at 20 °C. Visualisation was
obtained using StreptABComplex and DAB+ as per manufac-
turer’s instructions (both DakoCytomation Ltd.). Sections
were counterstained using Mayer’s haematoxylin for 3 min,
then Scott’s tap water for 1min, followed by dehydration
and mounting in diphenylxylene.

Negative controls consisted of omission of the primary
antibody, pre-absorption of the primary antibody with its cog-
nate blocking peptide (10 pg/ml for 2 h at 20 °C; Santa Cruz)
and use of li”" tissue sections.

Immunofluorescence for CD74 was performed on 100%
methanol-fixed (20 min at -20°C) frozen tissue sections,
blocked with 10% (v/v) goat serum in TBS for 30 min at
20 °C, using fluorescein isothiocyanate (FITC)-conjugated In-
1 rat monoclonal anti-mouse CD74 antibody (1:400 dilution
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for 60 min at 20 °C; BD Biosciences, Oxford). Sections were
mounted in Prolong® Gold with DAPI

IHC for MHC Class II molecules was also performed on
100% methanol-fixed frozen tissue sections using the same
protocol as for CD74 IHC with C-16 antibody except that the
primary antibody (rat monoclonal anti-mouse Class II ER-
TR3; Abcam, Cambridge, UK) was incubated with sections at
a 1:50 dilution in 10% (v/v) rabbit serum in TBS for 60 min at
20 °C, and biotinylated rabbit anti-rat immunoglobulin (1:200
for 30 min at 20 °C; DakoCytomation Ltd.) was used as the
secondary antibody. Sections were mounted on MOWIOL.

2.5.2. Human tissue

IHC for CD74 was performed using two different anti-CD74
antibodies (C-16 and LN2 mouse monoclonal anti-human
CD74 [BD Biosciences]) on adjacent FFPE sections as described
above and previously,® except that slides were incubated with
10 pg/ml LN2 in 10% (v/v) goat serum in TBS for 1 h at 20 °C be-
fore incubation with biotinylated goat anti-mouse immuno-
globulin (1:100 in TBS) from BD Biosciences for 30 min at
20 °C. Omission of the primary antibody was used as a nega-
tive control. CRC tissue and spleen were used as positive
controls.

2.6. Semi-quantitative scoring of CD74 immunoreactivity

LN2 immunoreactivity was assessed by two independent
observers blinded to the clinico-pathological characteristics
and the MIF immunoreactivity score® of each adenoma sec-
tion. A consensus CD74 protein expression score in both epi-
thelial (EP) and stromal (STR) cells was produced for each
section on a scale of 0-2 (0, no staining; 1, weak intensity, pat-
chy staining; 2, moderate to strong intensity staining with a
widespread distribution).

2.7. Statistical analysis

Differences in tissue transcript levels were analysed using Stu-
dent’s independent samples t-test. The significance of differ-
ences in CD74 and MIF protein expression related to clinico-
pathological parameters was tested using the Mann-Whitney
U-test and Kruskal-Wallis one-way analysis of variance. Logis-
tic regression with stepwise forward selection was performed
to identify independent factors that predicted CD74 and MIF
expression within adenomas. The relationship between IHC
scores for CD74 and MIF was explored using Spearman’s corre-
lation coefficient. Statistical significance was assumed if the P
value was less than 0.05. All analyses were performed using
SPSS v14.0.

3. Results

3.1.  CD74, mRNA and protein levels are reduced in
ApcM™* mouse intestinal adenomas

As we had previously demonstrated the up-regulation of Mif
expression in ApcM™* mouse SI and colorectal adenomas,®
we firstly investigated CD74 mRNA and protein expression
in this well-established model of the early stages of human
colorectal carcinogenesis.'” For real-time RT-PCR analysis of

CD74 transcript levels, we used LCM in order to measure epi-
thelial and stromal cell mRNA levels separately. RT-PCR for
the intermediate filament gene vimentin was used as a mesen-
chymal cell marker in order to exclude inadvertent contami-
nation of epithelial cell samples with stromal cell mRNA
(Supplementary Fig. 2).

There are two alternatively spliced mouse CD74 mRNAs
that encode 31 kDa and 41 kDa CD74 protein isoforms termed
p31 and p41.” Therefore, we designed PCR primers (see Sup-
plementary Table) that would distinguish between p31 and
p41 mRNAs, as well as those that would measure total CD74
transcript levels (termed p31+ p41). Transcripts encoding
p31 protein were more abundant in mouse SI and colon than
p41 mRNA consistent with the previous data (Fig. 1)."° p31 and
p41 mRNA levels were consistently higher in the stromal cell
compartment of histologically normal (HN) mucosa than in
HN epithelium (Fig. 1), particularly in the colon (P < 0.01). Sim-
ilar levels of CD74 mRNA were demonstrated in epithelium
and the stromal compartment of SI and colonic mucosa from
wild-type C57Bl/6 littermates (Supplementary Fig. 3). Levels of
p31 and p41 transcripts, as well as the total CD74 mRNA level
measured using a separate primer pair, were significantly
lower in both epithelial and stromal cell compartments of
adenomas (Ad) compared with neighbouring HN mucosa in
Apc™™* mouse distal SI (Fig. 1) and in the stromal cell com-
partment of Apc™™* mouse colonic adenomas versus HN co-
lonic mucosa (Fig. 1).

Next, we examined CD74 protein expression in Apc
mouse intestinal adenomas by IHC using a polyclonal goat
anti-CD74 antibody (C-16). Staining specificity was confirmed
using peptide pre-absorption and CD74-null tissue (Supple-
mentary Fig. 4). Consistent with the RT-PCR findings, there
was a reduced cytoplasmic CD74 immunoreactivity in dys-
plastic epithelial cells in Apc™™* mouse SI adenomas com-
pared with epithelial cells in neighbouring HN mucosa
(Fig. 2A). Strongly CD74-positive stromal cells were present
within SI adenomas, but they were fewer in number than in
HN mucosa (Fig. 2A). Reduced CD74 immunostaining was also
evident in epithelial cells in Apc™™* mouse colonic adenomas
(Fig. 2B) compared with HN colonic mucosa (Fig. 2C). Similar
findings were obtained using a direct immunofluorescence
technique with a different anti-CD74 antibody (In-1; Fig. 2D-E).

Min/+

3.2 Down-regulation of MHC Class II and Class II
trans-activator accompany the reduction in CD74
expression in Apc™™* mouse adenomas

The reduction in CD74 protein levels in epithelial cells in SI
and colonic Apc™™* mouse adenomas was mirrored by lower
MHC Class II immunoreactivity associated with epithelial
cells in SI adenomas compared with HN epithelium (Fig. 2F).
Epithelial cells in HN Apc™™* mouse colonic mucosa were
only weakly positive for MHC Class II (data not shown).
Mouse CD74 and MHC Class II gene expression are known
to be regulated coordinately by a family of Class II trans-activa-
tor (CIITA) transcription factors termed I, Il and IV each en-
coded by the Mhc2ta gene, which contains three independent
promoters each linked to a distinct first exon.?>?! CIITA tran-
script levels are assumed to correlate with CIITA protein
isoform abundance, which is considered to be too low for
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Fig. 1 - Real-time RT-PCR analysis of CD74 mRNA levels in epithelial cell and stromal cell elements of histologically normal
(HN) mucosa and adenoma (Ad) tissue from 120 d-old Apc™™* mice. Separate primer pairs were used to distinguish between
p31 CD74 mRNA, p41 CD74 mRNA and total (p31 + p41) CD74 mRNA levels. Data represent the mean and standard error of the
mean normalised transcript level from LCM tissue from three different animals. *P < 0.05, **P < 0.01 (Student’s t-test).

detection by available techniques.?? Therefore, we measured
CIITA I, I and IV mRNA levels in Apc™™* mouse intestine by
real-time RT-PCR. For these experiments, we micro-dissected
frozen adenoma tissue from HN mucosa, including both epi-
thelial and stromal cell elements, in order to maximise tem-
plate cDNA for PCR of these low abundance mRNAs. There
was approximately 10-fold less mRNA for CIITA III than for
CIITA I and IV in Apc™™* mouse SI and colon (Fig. 3). Consis-

tent with the down-regulation of CD74 and MHC Class II
expression in Apc™™* mouse adenomas, levels of all the three
CIITA transcripts were lower in adenomas than in HN mucosa
in both SI and colon (Fig. 3). This difference reached statistical
significance (P=0.02) for the reduction in CIITA IV mRNA,
which was the most abundant CIITA transcript in SI (Fig. 3).
In summary, we have demonstrated a parallel decrease in
expression of CD74, MHC Class II and their shared master
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Min/+

Fig. 2 - Immunohistochemistry for CD74 protein in Apc mouse intestine. (A) SI mucosa including an adenoma (Ad)
surrounded by a layer of CD74-positive non-neoplastic epithelium (closed arrow). CD74-positive stromal cells in the adenoma
and HN mucosa are denoted by open arrows. Size bar = 50 pm. (B) Colonic adenoma containing CD74-negative dysplastic
epithelial cells interspersed with CD74-positive stromal cells (closed arrows). Size bar = 50 pm. (C) HN colonic mucosa
demonstrating weak staining of epithelial cells (compare with CD74-negative adenoma cells in part (B)) with stronger CD74
immunoreactivity in neighbouring stromal cells (closed arrows). Size bar = 50 pm. Gontrols for CD74 IHC are demonstrated in
Supplementary Fig. 3. (D) Direct immunofluorescence for CD74 in HN SI. CD74 immunoreactivity (green) was noted in villus
epithelial cells, and was particularly marked in the apical portion of cells. CD74 immunofluorescence was stronger in stromal
cells (arrow) than in neighbouring epithelial cells, in keeping with the colorimetric IHC performed with a different primary
antibody (A). Nuclei visualised with DAPI (blue). (E) Loss of CD74 immunoreactivity in dysplastic epithelial cells within an
adenoma. CD74-positive stromal cells act as an internal control. (F) IHC for Class II on SI tissue. Class II-negative dysplastic
epithelial cells within an adenoma (Ad) adjacent to HN mucosa lined by Class II-positive epithelium (arrows). Size

bar = 50 pm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Min/+

transcriptional regulator CIITA in Apc mouse adenomas

compared with HN SI and colonic mucosa.

(Fig. 4A and B), which invariably contained prominent CD74-
positive stromal cells but CD74-negative epithelium (Fig. 4C-
E), in keeping with previous reports.®® CD74 staining with

3.3. Increased CD74 protein expression in human
colorectal adenomas

The Apc™™* mouse CD74 data prompted us to examine
whether similar changes occurred in ‘sporadic’ human colo-
rectal adenomas. Surprisingly, IHC using the same C-16 anti-
body used for the mouse IHC experiments, as well as a
second, independent anti-CD74 antibody LN2, demonstrated
that CD74 immunoreactivity was actually increased in dys-
plastic epithelial cells compared with HN colonic mucosa

C-16 and LN2 antibodies was remarkably similar in both ade-
nomatous and HN colorectal mucosa (compare Fig. 4A and B,
and C and D). There was uniform, intense staining of human
CRC cells (Fig. 4F) and splenocytes by C-16 as previously
reported.®

CD74 immunoreactivity was variable with respect to distri-
bution and intensity in individual colorectal adenomas (Fig. 4B
and H-L). In some adenomas, CD74 staining was uniform in all
epithelial cells within the tumour (Fig. 4H and K), although in
other adenomas there was patchy immunoreactivity (Fig. 4B,
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Fig. 3 - Real-time RT-PCR analysis of CIITA mRNA levels in micro-dissected adenoma (Ad) tissue and histologically normal
(HN) mucosa from the colon or SI of 120 d-old Apc™™* mice. Data represent the mean and standard error of the mean
normalised transcript level from LCM tissue from three different animals. *P < 0.05 (Student’s t-test).

I-] and L). In general, there were higher CD74 protein levels in
surface epithelial cells compared with deeper crypt epithe-
lium (Fig. 41). The predominant CD74-expressing stromal cells
in colorectal adenomas and HN mucosa were morphologically
B lymphocytes and, to a lesser extent, macrophages.

3.4.  CD74 immunoreactivity is associated with features of
‘advanced’ human colorectal adenomas

IHC using LN2 antibody was performed in a single run on sec-
tions of 55 human sporadic colorectal adenomas, adjacent to
those sections that were previously stained for MIF protein.®

CD74 staining was present in dysplastic epithelial cells in
47 of 55 (85%) adenomas, and in stromal cells in all the cases,
thus acting as an internal positive control for epithelial CD74-
negative adenomas. Individual CD74 epithelial (EP) scores are
displayed in Fig. 5. Representative sections from adenomas
with EP scores 1 and 2 are displayed in Fig. 4H-L. There was
a significant difference in EP CD74 scores between adenomas
from patients aged above or below 65 years (Fig. 5A; P = 0.006).
There was no difference between male and female patients
(Fig. 5B). Higher EP scores were more frequent in larger
(>10 mm) adenomas (Fig. 5C; P = 0.07). There was no differ-
ence in epithelial CD74 scores between adenomas proximal
and distal to the splenic flexure (Fig. 5D). However, there
was a significant difference in CD74 scores between adeno-

mas with different histology (Fig. 5E; P = 0.019) and grade of
dysplasia (Fig. 5F; P=0.013). Stepwise logistic regression,
including factors identified as significant by univariate analy-
sis, identified the grade of dysplasia as the only significant
independent predictor of epithelial CD74 protein expression
(P =0.01).

All adenomas contained CD74-positive stromal cells.
There were no statistically significant associations between
CD74 stromal (STR) scores and any clinico-pathological factor
(data not shown). There was no correlation between CD74 EP
and STR scores for individual adenomas (Spearman’s correla-
tion coefficient = 0.201).

3.5.  The relationship between CD74 and MIF protein
expression in human colorectal adenomas

The function of cell surface CD74 as a receptor for MIF (3-4)
provided the rationale for dual analysis of CD74 and MIF
immunoreactivity in human colorectal adenomas. There
was a significant correlation between MIF and CD74 EP scores
in individual adenomas (Spearman’s correlation coefficient
0.326; P =0.015). If CD74 expression is necessary for the pro-
tumorigenic activity of MIF during colorectal carcinogenesis
in vivo, a combined MIF and CD74 EP score might have a
higher predictive value than either parameter alone. In order
to test the hypothesis that combined high MIF and CD74 EP
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Fig. 4 - Immunohistochemistry for CD74 on sporadic human colorectal adenomas. Immunohistochemistry for CD74 protein
on adenoma tissue (A and B) and HN mucosa (C and D) using C-16 (A and C) or LN2 (B and D) antibodies on adjacent sections.
The same pattern and intensity of CD74 immunoreactivity are evident with the two antibodies. A and B demonstrate variable
epithelial cell staining in adjacent crypt structures surrounded by CD74-positive stromal cells (arrows). Size bars = 50 pm. C
and D show CD74-negative epithelium within normal lamina propria containing large numbers of CD74-positive stromal
cells (arrows). Size bars = 50 pm. (E) Cross-section of HN colorectal mucosa stained with C-16 antibody. Arrows highlight
CD74-positive stromal cells adjacent to CD74-negative epithelium. Size bar = 50 pm. (F) Human CRC tissue demonstrating
intense staining of cancer cells. Size bar = 50 pm. (G) Human spleen containing scattered CD74-positive cells. Size bar = 50 pm.
(H-L) Representative human colorectal adenomas with variable epithelial cell immunoreactivity. (H) EP score 2. Size

bar = 100 pm. (I) EP score 2. Size bar = 50 pm. (J) EP score 1. Size bar = 50 pm. (K) EP score 1. Size bar = 100 pm. (L) EP score 2. Size
bar = 100 pm.

scores were associated with factors known to be related to
malignant progression of adenomas, tumours were split into

also significantly associated with combined adenoma MIF-
CD74 status stratified as CD74-MIF'®"¥ or CD74-MIF™" (size,

CD74-MIF®Y (n = 15) and CD74-MIFMe" (n = 12) groups (Table
1). Univariate statistical analysis by Pearson’s j® test con-
firmed that the same clinico-pathological factors that were
associated with differences in adenoma CD74 EP score were

P =0.031; histology, P=0.037; grade of dysplasia, P =0.016).
Stepwise logistic regression demonstrated that the CD74-
MIF status of an adenoma was a stronger predictor of high-
grade dysplasia (P = 0.003) than the CD74 IHC score alone.
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Table 1 - Distribution of CD74 and MIF immunohisto-

chemistry EP scores in 55 human colorectal adenomas.

CD74 EP score
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*
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g
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=
=
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‘See Ref. [6].

"The number of adenomas in each score category.
iLight-shaded boxes are CD74-MIF°¥, and dark-shaded boxes are
CD74-MIFMigb,

4, Discussion

This is the largest study to date describing CD74 protein
expression in human colorectal adenomas and is the first
since the discovery that cell surface CD74 acts as a receptor
for MIF.>* Herein, we demonstrate that CD74 protein is up-
regulated in 85% of human ‘sporadic’ colorectal adenomas,
and that increased levels of epithelial cell CD74 (particularly
in combination with elevated epithelial cell MIF immunoreac-
tivity) are associated with increasing epithelial cell dysplasia.
It is difficult to compare our results directly with previous
smaller studies’® due to the use of different primary antibod-
ies and scoring systems. However, O’Keane et al. used the LN2
antibody clone and also observed an association between LN2
staining and high-grade dysplasia in human colorectal ade-
nomas, although only 45% of adenomas were positive for
LN2 immunoreactivity.” A similar co-localisation of CD74
and MIF has recently been reported in malignant cells in hu-
man non-small cell lung tumours.*

Up-regulation of CD74 expression during human colorectal
carcinogenesis has important potential implications for use of
anti-cancer therapy directed at CD74, particularly as we and
others have demonstrated that neighbouring HN epithelium
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is CD74-negative.®° Rapid internalisation of cell surface CD74
has already been used to target anti-cancer antibody conju-
gates to malignant B-cells in pre-clinical models.'* Alterna-
tively, CD74 acts as a survival receptor in cells and may be
amenable to direct targeting in colorectal neoplasms.?*

Importantly, we have uncovered profound differences in
CD74 expression between Apc™™* mouse adenomas (both SI
and colon) and counterpart human adenomas. The Apc™™/*
mouse is a precise genetic model of the rare, inherited CRC
predisposition syndrome familial adenomatous polyposis.”’
For unknown reasons, Apc™™* mice develop the majority of
intestinal adenomas in the SI, with far fewer colorectal adeno-
mas.?” Despite this, the Apc"™* mouse model has become
established as a major tool for study of the biology and for che-
moprevention of the early stages of human colorectal carcino-
genesis based on the shared features of the molecular
pathogenesis of tumour initiation and growth in both spe-
cies.?” Down-regulation of CD74 expression in ApcM™/*
intestinal adenomas (coordinately with MHC Class II and the
shared transcriptional regulator CIITA) represents a major dif-
ference from that which occurs in benign human colorectal
tumours. We observed CD74 down-regulation in ApcMin/*
mouse intestinal adenomas at both the mRNA and the protein
level (using the same antibody employed for human IHC stud-
ies). In addition, CD74 transcript levels in Apc™™* mouse colo-
nic adenomas have been shown to be significantly lower than
in paired HN mucosa by cDNA microarray analysis (A.R.
Clarke, University of Cardiff, UK). These observations have
important implications for the future studies utilising the
Apc™™* mouse model for investigation of intestinal tumour
immunology, including continued analysis of the role of the
CD74 ligand MIF. It is interesting to note that in our previous
study of the role of MIF during intestinal tumorigenesis,® we
demonstrated that exogenous MIF induced resistance to apop-
tosis of CD74-positive VACO-235 human colorectal adenoma
cells but that, unexpectedly, there was no increase in epithe-
lial cell apoptosis frequency in Mif-null ApcM™/+
tinal adenomas compared with Apc™™* mouse littermates
with wild-type Mif alleles. One explanation is that the lack of
epithelial cell CD74 expression by epithelial cells in Apc™™/*
mouse adenomas could explain the absence of a direct pro-
apoptotic effect of Mif gene deletion (although Mif-null tu-
mours had reduced microvessel density®).

In the absence of CD74-dependent MIF signalling, several
other potential mechanisms of action of MIF have been de-
scribed.?® These include intracellular binding and negative
regulation of c-JUN-activating binding protein 1 (JAB1) and
tautomerase activity.?® The relative contributions of these dif-
ferent signalling mechanisms to the pro-tumorigenic activity
of MIF remain to be elucidated.

The mechanistic basis of CD74 down-regulation in Apc
mouse intestinal adenomas is unknown. One valid hypothe-
sis is that reduced CD74 (and MHC Class II) expression is sec-
ondary to methylation silencing of Mhc2ta.”” Epigenetic CpG
island methylation silencing of the Mhc2ta promoter is recog-
nised in human CRC and gastric cancer cells.?® However, it is
not known whether CIITA gene silencing in human CRC cells
is associated with reduced expression of CD74.

In summary, down-regulation of CD74 expression in
ApcM™+ mouse SI and colonic adenomas does not mirror

mouse

mouse intes-

Min/+

CD74 expression patterns in human colorectal adenomas dur-
ing the early stages of ‘sporadic’ colorectal carcinogenesis. Fu-
ture pre-clinical studies investigating the function of CD74, and
its known ligand MIF, during intestinal tumorigenesis should
be designed with this in mind. Up-regulation of CD74 in the
majority (85%) of human colorectal adenomas was associated
with increasing grade of epithelial cell dysplasia and provided
an opportunity to target the cell-surface pool of CD74 as a novel
CRC chemoprevention and/or treatment strategy.
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