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Macrophage migration inhibitory factor (MIF) is a

multifunctional cytokine that is overexpressed in

lung cancer. The MIF receptor was recently discov-

ered and found to be the invariant chain of the HLA

class II molecule, CD74. We hypothesized that the

expression of this receptor-ligand pair in lung cancer

is associated with the angiogenic activity and level of

CXC chemokine expression in human specimens of

non-small cell lung cancer. We, therefore, performed

immunolocalization of CD74 and compared it with

the localization of MIF in non-small cell lung cancer

to determine their respective locations, as well as the

relationship between the co-expression of MIF-CD74

and angiogenic CXC chemokines with tumor angio-

genesis. We found intense CD74 expression by immu-

nohistochemistry in 57 of 70 tumors with minimal to

no staining in the remaining 13 tumors. Comparing

the localization of CD74 with its putative ligand, MIF,

we found that CD74 and MIF were co-expressed in

tumors in close proximity, and that co-expression of

the MIF-CD74 pair was associated with both higher

levels of tumor-associated angiogenic CXC chemo-

kines (ie, the ELR score) and greater vascularity com-

pared with tumors in which MIF-CD74 co-expression

was not present. We also found that MIF induced

angiogenic CXC chemokine expression in an auto-

crine manner in vitro , a function that was specifi-

cally inhibited by antibodies to CD74. (Am J Pathol

2009, 174:638–646; DOI: 10.2353/ajpath.2009.080463)

Lung cancer, like all cancers, is characterized by patho-

logical angiogenesis. We have shown that macrophage

migration inhibitory factor (MIF) induces expression of

angiogenic CXC chemokines by tumor-associated mono-

cytes, and that MIF-dependent expression of angiogenic

CXC chemokines is one of several major pathways by

which lung cancer tumors induce an angiogenic environ-

ment. We and others have shown that MIF is markedly

overexpressed in lung cancer1–3 and nearly all other

common solid tumors; eg, breast,4–8 ovarian,9,10 pros-

tate,6–8 bladder,11,12 and colon cancer,13 as well as mel-

anoma.14,15

In lung cancer MIF expression is associated with in-

creased production of angiogenic CXC chemokines both

in vitro,16 and in vivo.2 High expression of MIF in patients

with lung cancer is also associated with a worse progno-

sis for disease-free and overall survival.2,3,17 MIF was one

of the first cytokines ever to be described,18,19 yet until it

was cloned in 1989,19 many of its biological activities in

health and disease remained unknown. It is a unique

cytokine with unusual physicochemical properties, and

varied biological properties that, in addition to its role in

angiogenesis, include antagonism of p53,20,21 inhibition

of Rb function,22,23 and activation of Akt.24 Others have

shown that MIF can directly induce angiogenesis in vivo

as well.25 This combination of properties suggests that

MIF may play a pivotal role in tumor biology.

Until recently the cell surface receptor for MIF re-

mained unknown. Leng and colleagues26 screened a

cDNA library for genes capable of conferring MIF binding

and discovered that the invariant chain of the HLA class

II peptide (CD74) was the cell surface receptor for MIF.26

Despite the role played by MIF in lung cancer, there are

few studies demonstrating a role for CD74 in lung cancer.

Two studies examined the expression of CD74 in gastric

carcinogenesis induced by Helicobacter pylori, and found

that it was associated with poorer overall survival.27,28
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One study done to examine the reactivity of a panel of

monoclonal antibodies in 25 lung cancer specimens in-

cluded the LN2 monoclonal antibody against CD74 and

found that this was among a panel of lymphoid antibodies

that could distinguish small cell from non-small cell lung

cancer (NSCLC).29 This study predated the understand-

ing that CD74 may play a role in MIF signaling.

We sought to confirm whether CD74 was present in

human lung cancer specimens and reasoned that the

distribution of CD74 might yield clues as to the role of MIF

in lung cancer. For example, if CD74 is primarily ex-

pressed in stromal cells, it would suggest that the effects

of MIF in these tumors is primarily through influencing this

cell population, whereas CD74 expression primarily on

the malignant cells in the tumor would suggest that MIF

might be working through antagonism of apoptotic path-

ways, or by autocrine regulation of angiogenic factor

expression. We performed the current study to determine

the presence and distribution of CD74 in human lung

cancer, to compare the distribution of MIF with its puta-

tive receptor CD74, and to determine the relationship of

these two factors to angiogenesis in their respective

tumors.

Our results demonstrate that CD74 is expressed in the

majority of lung cancer tumors, with expression being

found primarily in stromal compartments in some tumors,

whereas others show mixed stromal and malignant epi-

thelial expression. We also observed co-expression of

CD74 in close proximity to the ligand MIF and found that

CD74 co-expression with MIF was associated with higher

levels of angiogenic CXC chemokines and greater tumor

vascularity, as measured by factor VIII staining. We fur-

ther found that in vitro inhibition of MIF or its receptor

resulted in reduced production of angiogenic CXC che-

mokines by human lung cancer cells.

Materials and Methods

Tumor Tissue

All patients gave informed consent for collection of tumor

and normal lung tissue at the time of thoracotomy for

known or suspected lung cancer. Tissue acquisition and

tumor processing methods have been described previ-

ously.2 All studies were approved by the University of

Michigan Institutional Review Board.

Antibodies Used in Immunohistochemistry

Mouse anti-human CD74 was purchased from Abcam

(Cambridge, MA) (LN2 monoclonal). Goat anti-human

MIF was purchased from R&D Systems (Minneapolis,

MN). We also produced a chicken IgY antibody that

recognizes both human and murine MIF. For production

of this antibody, the murine MIF (mMIF) cDNA was initially

amplified by polymerase chain reaction (PCR) from WEHI

274.1 monocytic cells with the following primers: sense,

5�-CATGCCTATGTTCATCGTGAA-3�, and anti-sense 5�-

GTAAGTGGATCCAGGACTCAA-3�. We cloned the re-

sulting product into the Xa expression vector (Promega,

Madison WI) and confirmed the identity of the cDNA by

sequencing as 100% homologous to mMIF. We then

subjected this plasmid to a second round of PCR to

introduce XbaI and ApaI restriction sites at the 5� and 3�

ends, respectively. After digestion, we cloned this prod-

uct into the p-tetO expression cassette, which consists of

seven tetO repeats, a CMV minimal promoter, and a

bovine growth hormone polyadenylation sequence (a

kind gift from Dr. Jeffery Whitsett and Dr. J. Tichelaar,

Cincinnati Children’s Hospital Medical Center, Cincinnati,

OH), and designated this vector as pTet-MIF. To gener-

ate his-tagged MIF we digested the pTet-MIF vector with

XhoI and ApaI and cloned this product containing the MIF

cDNA into the PROTet 6xHN bacterial expression system

(Vector 3; BD Biosciences, Palo Alto, CA). This Esche-

richia coli-expressed recombinant histidine-tagged MIF

was purified using the TALON affinity metal resin (BD

Biosciences). Antibody production was performed in

contract with GenWay Biotech (San Diego, CA). His-

tagged MIF in complete Freund’s adjuvant was injected

intramuscularly into laying hens (Leghorn and Rhode

Island). Boost injections were performed at 2- to 3-week

intervals in incomplete Freund’s adjuvant for three times.

Antibodies were isolated from egg yolks using a polyeth-

ylene glycol precipitation method according to Polson

and colleagues.30 The antibodies were further purified by

the affinity chromatography method using the immuno-

gen as the affinity ligand. The resulting antibody was

provided as an affinity-purified antibody and reactivity

against recombinant murine MIF was confirmed in West-

ern blot against the immunogen. We confirmed that this

antibody reacted specifically with human MIF using re-

combinant human MIF (R&D Systems) in Western blot,

and subsequently documented MIF immunoreactivity

with human MIF in histological sections previously

stained with commercially available antibody (data not

shown).

MIF Inhibition Experiments in Vitro

We plated A549 and Calu 6 cells in six-well plates and

grew them to 80% confluence before changing to serum-

free media. One of the following inhibitors were then

added: 2 �g/ml anti-CD74 or isotype IgG, 2 �g/ml anti-

MIF, or IgY control, 100 nmol/L (S,R)-3-(4-hydroxyphen-

yl)-4,5-dihydro-5-isoxazole acetic acid methyl ester

(ISO-1, a small molecular inhibitor of MIF; a kind gift of Dr.

Yousef Al Abed, The Feinstein Institute for Medical Re-

search, North Shore-LIJ Research Institute, Manhasset,

NY) with dimethyl sulfoxide as a control. We harvested

48-hour serum-free conditioned media and froze it for

later analysis by enzyme-linked immunosorbent assay.

Enzyme-Linked Immunosorbent Assay

Purified and biotinylated antibody for human CXCL8/in-

terleukin-8, CXCL5/ENA-78, CXCL1/GRO-�, MIF, and

vascular endothelial growth factor were obtained from

R&D Systems, Inc. Antibodies for CXCL3/GRO-� were

obtained from PeproTech Inc. (Rocky Hill, NJ). Second-
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ary antibodies for immunohistochemistry were rabbit IgG,

biotinylated and directed against the immunoglobulin of

the species of primary antibody (Vector Laboratories,

Burlingame, CA). Vectastain Elite ABC reagent was used

for enzymatic detection with diaminobenzidine used at

the chromogen. Tumor-associated levels of CXC chemo-

kines �interleukin-8 (CXCL8), ENA-78 (CXCL5), GRO-�

(CXCL1), MIG (CXCL9) and IP-10 (CXCL10)�, were mea-

sured using a double-ligand method previously de-

scribed.2 Standards were prepared as 1⁄2 log serial dilu-

tions of purified recombinant cytokines, from 100 ng/ml to

0.001 ng/ml per well.

Immunohistochemistry

Microwave antigen retrieval was performed for all immu-

nostaining, using an antigen unmasking solution (Vector

Laboratories) with the supplier’s protocol. Immunohisto-

chemistry for factor VIII-related antigen and MIF staining

has been described previously.2 Tissue sections were 5

�m thick and dewaxed through two washes in xylene,

followed by rehydration through graded concentrations

of ethanol �100% �2, 90% �2, 70% �2, then phosphate-

buffered saline (PBS) in distilled water�. Tissue sections

were blocked with normal rabbit serum (1:50 in PBS) for

30 minutes. Primary antibodies were applied and diluted

in PBS (goat anti-human MIF, 1:500; chicken IgY anti-

MIF, 1;250; or LN2 monoclonal anti-CD74, 2 �g/ml) for 1

hour. Control sections were stained with nonspecific iso-

type-matched immunoglobulin from the same species as

the primary. Tissue sections were considered positive for

CD74 if specific staining was present in the CD74-stained

sections without nonspecific staining in the control

stained sections. Tissue with no evident staining for CD74

was considered negative. We did not assign a quantita-

tive value to the qualitative determination of whether

CD74 was present. Biotinylated secondary antibodies

were rabbit anti-goat, -chicken, or -mouse applied for 30

minutes in PBS (1:50 dilution of stock, purchased from

Vector Laboratories). Immunohistochemistry for factor

VIII-related antigen was performed with DAKO-EPOS

Factor-VIII antibody (DAKO, Carpinteria, CA) as previ-

ously described.2 Vectastain ELITE ABC kits were used

for immunolocalization with diaminobenzidine as the

chromogen.

For fluorescence immunostaining, we treated the

slides to reduce background autofluorescence. During

dewaxing and rehydration of the samples (graded

2-minute ethanol washes in 100% �2, 90% �2, and 70%

�2) a third wash in 70% alcohol with 0.25% NH3 was

added. After a final wash in 50% EtOH, we transferred the

slides to modified Hanks’ buffer �MHB: Hanks’ buffer

without calcium, containing 2 mmol/L EGTA and 5

mmol/L MES (2-morpholino-ethanesulfonic acid), pH 6.2

to 6.4�. Samples were incubated in ice-cooled freshly

prepared MHB supplemented with 10 mg/ml of borohy-

dride for 40 minutes, and washed three more times in

MHB.31 Sections were blocked with Universal protein

block (Biogenex, San Ramon, CA) for 30 minutes. Pri-

mary antibodies were used as above, and secondary

antibodies were 1:50 dilutions of Texas Red (tetramethyl-

rhodamine isothiocyanate)-conjugated rabbit anti-goat

IgG, or fluorescein isothiocyanate (FITC)-conjugated

goat anti-chicken IgY (both antibodies from Santa Cruz

Biotechnology, Santa Cruz, CA). Sections were counter-

stained with DAPI mounting medium, and photographed

under epi-illumination with a SPOT RT Slider camera,

interfaced with a Nikon (Melville, NY) E600 microscope

with appropriate FITC, Texas Red, and DAPI filters.

Flow Cytometry

To determine whether surface staining of CD74 was

present in tumor cells, we performed flow cytometry on

freshly resected tumor specimens or on cultured tumor

cell lines (A549 and Calu 6). Tumors were first minced in

a DAKO Medimachine, and filtered through 70-�m filters

(DAKO). Cells were then counted and suspended at 1 �

106 cells per ml in fluorescent antibody buffer with 0.01%

sodium azide (Sigma, St. Louis, MO), and blocked with

Table 1. Demographic Characteristics and Stage Distribution of 70 Patients with Non-Small Cell Lung Cancer, with Groups
Separated by the Presence or Absence of CD74 Immunoreactivity

CD74-positive (n � 57) CD74-negative (n � 13) P value

Age 64.2 � 8.6 62.4 � 9.5 NS
Sex (% male) 54% 55% NS
Stage NS

I 32 11
II 1 1
III 7 1
IV 4 0

% Nonsmokers 16% (9 of 57) 15% (2 of 13) NS
Adenocarcinoma 35 8 NS
Squamous 19 5 NS
Other (two large cell neuroendocrine, one

small cell)
3 0 NS

Vessel density (vessels per high-power
field, mean � SE)

36.1 � 3.2 22.9 � 3.8 0.02

Angiogenic CXC chemokines (ELR score;
ng/mg total protein)

95.6 � 34.4 8.8 � 3.2 0.05

Vessel density and levels of angiogenic ELR CXC chemokines in lung cancer tumors are higher in tumors where CD74 was present by
immunohistochemistry. NS � nonsignificant.
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2% normal goat serum. In some specimens we first per-

formed two serial negative selections on fresh tumor di-

gests to deplete the specimens of macrophages with

CD45-coated magnetic beads (Miltenyi Biotec, Auburn,

CA). We then stained the CD45-depleted and control-

depleted fractions separately for CD74. For cultured

cells, we first harvested confluent A549 or Calu 6 cells

with 0.01% trypsin, and washed with PBS supplemented

with 0.01% sodium azide and 2% normal goat serum.

Primary antibody was mouse monoclonal LN2 (anti-

CD74), and secondary antibody was FITC-conjugated

goat anti-mouse IgG. Each staining step was performed

for 30 minutes on ice, with two washes of fluorescent

antibody buffer in between. Specimens were delivered to

the University of Michigan Cancer Center Flow Cytometry

Core where they were run on a Coulter (Hialeah, FL)

Epics XL cytometer, with gating based on unstained and

control stained specimens (primary antibody omitted).

Statistical Analysis

Two group comparisons (Table 1) were completed with

Student’s t-test, and for three group comparison (Table 2)

analysis of variance was used to test for significant

differences.

Results

We routinely collected tissue specimens from patients

undergoing resection of known or suspected lung can-

cer. We randomly selected cell blocks from our tissue

bank and cut 5-�m-thick sections to stain for the pres-

ence of CD74. We stained a total of 85 specimens. After

unblinding the identity of the tissue sections, 15 samples

were excluded because they were granulomas (n � 5),

carcinoid tumors (n � 7), metastasis from other organs

(n � 2), or hamartoma (n � 1). Of the 70 remaining

tumors, 57 (81%) stained positively for CD74 with the

distribution of CD74 immunoreactivity varying from purely

restricted to the stromal cells, to mixed tumor-stromal

immunoreactivity (Table 1). The demographics of the

patients from whom the tumors were evaluated is also

shown in Table 1, and this cross section is representative

of the demographic characteristics of all patients treated

at our institution for lung cancer throughout this time

period. Figure 1 shows representative slides demonstrat-

ing the CD74 staining pattern observed in NSCLC tu-

mors. CD74 immunoreactivity was present in the stromal

cells in most tumors (arrows in Figure 1E for example).

However, in many tumors (38 of 57, 67%) the malignant

cells themselves also strongly expressed CD74. We ob-

Table 2. Vessel Density and Levels of Angiogenic ELR CXC Chemokines in Lung Cancer Tumors Stratified by the Pattern of
CD74 Staining

CD74 pattern
Mixed

(n � 38)
Stromal
(n � 19)

Negative
(n � 13)

P value
(analysis of variance)

Vessel density (mean � SE) 39.9 � 4.5 28.5 � 3.2 22.9 � 3.8 0.02
Angiogenic CXC chemokines (ELR score; ng/mg total protein) 117.6 � 31 54.0 � 19 8.8 � 3.2 0.05

Figure 1. Immunolocalization of CD74 in human NSCLC tumors. A, C, and E are stained with mouse anti-human CD74 IgG. B, D, and F are control staining with
preimmune isotype-matched mouse IgG. Original magnifications: �200 (A, C); �100 (E).
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served no variation in staining pattern (negative, stromal

only, or mixed) after stratifying by sex, or smoking status

(P � 0.25 for all adjustments). A larger proportion of

CD74-negative tumors were stage I-II (9 of 11), com-

pared with CD74-positive tumors (32 of 57), but this

difference was not statistically significant (P � 0.07).

Normal lung tissue stained for CD74 demonstrates reac-

tivity only in alveolar macrophages (data not shown).

We wanted to compare the distribution of CD74 with its

ligand MIF within the tumor microenvironment. We have

previously shown that MIF staining is universally present

in NSCLC,2 and as part of this study we stained addi-

tional tumors for MIF in adjacent sections of tumors

stained for CD74. When we compared the sequential

sections of tumors stained for both CD74 and MIF we

observed a pattern of MIF expression in malignant cells

(Figure 2, B, D, F, H, and J) surrounded by stromal

cells expressing CD74 (Figure 2, A, C, E, G, and I).

This suggested a paracrine effect of MIF in these tumors

consistent with our previous findings in vitro.16 However,

MIF-expressing malignant cells could also be observed

to stain positively for CD74 in adjacent sections (Figure 2,

A and B, G and H, for example). To confirm co-localiza-

tion of ligand and receptor, we performed double-immun-

ofluorescent staining with anti-MIF (FITC, green) and

CD74 (Texas Red) in tumors. Immunofluorescence con-

firmed the co-localization of MIF and CD74 in the tumor

microenvironment (Figure 3).

To gain further insight into the role played by the MIF-

CD74 interactions in these tumors, we compared the

levels of angiogenic CXC chemokines in tumors where

we observed expression of CD74 with those in which

expression was absent. In tumors where CD74 expres-

sion was observed, angiogenic CXC chemokine expres-

sion (as reflected by the ELR score)2 was significantly

increased (103 � 37 ng/mg) relative to tumors where

CD74 immunoreactivity was not seen (9.1 � 3.4 ng/mg,

P � 0.01; Table 1). We also compared tumor vessel

density between tumors with (36.6 � 3.5 vessels/hpf) and

without (22.0 � 3.6 vessels/hpf) CD74 immunoreactivity

and found that CD74-positive tumors had significantly

greater vascularity (P � 0.05, Table 1). We stratified the

levels of tumor-associated CXC chemokines (ELR score)

by the pattern of staining for CD74 (stromal only, mixed

tumor and stromal staining, and negative), and found that

tumors where CD74 was present on both tumor cells and

host stromal cells had the highest level of angiogenic

CXC chemokines (Table 2).

This suggested that (in addition to the paracrine induc-

tion of angiogenic CXC chemokines we have previously

shown) MIF could be acting in an autocrine manner to

increase tumor-associated CXC chemokine expression.

To further explore this, we compared the expression of

angiogenic CXC chemokines between NSCLC cell lines

treated with MIF inhibitors (anti-MIF antibody, anti-CD74

antibody, or small molecule MIF inhibitor with appropriate

controls). A549 and Calu 6 cells both produce significant

quantities of MIF, as we have previously shown.16 Angio-

genic CXC chemokine expression was reduced in the

presence of all three types of inhibitors (Figure 4, A and

B). We did not observe induction of the anti-angiogenic

interferon-inducible CXC chemokines CXCL9 or CXCL10

(data not shown).

Although immunohistochemistry confirms the pres-

ence of the receptor for MIF in human lung cancer tu-

mors, for extracellular MIF signaling to be mediated by

CD74 in vivo, it must be present on the cell surface.

Figure 2. Adjacent tumor sections stained for CD74 (A, C, E, G, and I) and MIF (B, D, F, H, and J) demonstrating that MIF and its receptor are expressed in close
proximity in the tumor microenvironment. Original magnifications: �100 (A, B, I, J); �200 (C--H).

Figure 3. Double-immunofluorescence staining for MIF (FITC; green, large
arrows) or its receptor CD74 (Texas Red, small arrows) in a lung cancer
specimen. In the center of the photomicrograph, a cluster of cells shows
co-localization of the fluorochromes, presumably reflecting bound receptor
and ligand. Original magnification, �400.
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Therefore we analyzed fresh human NSCLC tumors di-

gested to single cell suspensions to determine whether

surface expression of CD74 was present. We detected

CD74 by flow cytometry in all five specimens so ana-

lyzed, with the percentage of CD74	 cells varying from 8

to 30% (Figure 5, A–C). To determine whether nonmy-

eloid cells in the tumor also expressed CD74, we per-

formed serial magnetic depletion through two passages

of single cell digests with CD45 or control microbeads to

remove macrophages. Flow cytometry still yielded

CD74	 cells in the remaining population (Figure 5D).

Flow cytometry analysis of two NSCLC cell lines (A549

and Calu 6) revealed a detectable but low percentage of

CD74	 cells as well (Figure 6). We determined the me-

dian disease-free survival for patients in this cohort, strat-

ified for the presence or absence of CD74 staining in their

tumors, but observed no difference in the median dis-

ease-free survival (data not shown) or overall stage dis-

tribution between CD74-positive or -negative tumors.

Discussion

We and others have shown that MIF is markedly overex-

pressed in lung cancer1–3 and nearly all other common

solid tumors; eg, breast,4–8 ovarian,9,10 prostate,6–8

bladder,11,12 and colon cancer,13 as well as melanoma.14,15 In

lung cancer MIF expression is associated with increased

production of angiogenic CXC chemokines both in vitro,16

and in vivo.2 High expression of MIF in patients with lung

cancer is also associated with a worse prognosis for

disease-free and overall survival.2,3,17 Because CD74

was identified as a cell surface receptor for MIF, it is

important to characterize its expression in lung cancer.

This is especially true given the diverse biological activ-

ities attributed to MIF.32,33 Consistent with what we have

found with respect to MIF and lung cancer, we observed

a relationship between the presence of CD74 by immu-

Figure 4. Production of angiogenic CXC chemokines CXCL5, and CXCL8 by
A549 (A) or Calu 6 (B) cells in the presence of antibody to CD74 (aCD74) or
control (IgG), antibody to MIF (aMIF) or control (IgY), and ISO-1 (MIF
inhibitor) or control (DMSO). A: P � 0.02 for CXCL8 and P � 0.004 for
CXCL5. B: P � 0.05 for CXCL5 and P � 0.01 for CXCL8.

Figure 5. Representative histograms from two of five NSCLC tumors. Flow
cytometric analysis of unstained tumor specimen (A), as a control for CD74-
stained tumor specimen (B) showing 15.4% of gated cells expressing CD74.
C: Another CD74-stained tumor specimen, subject to two passages with
control antibody showing 8.5% of CD74	 cells. D: The same specimen as in
C, after two passages with anti-CD45-coated magnetic beads to remove
myeloid cells, showing 4.1% of remaining cells positive for CD74.
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nohistochemistry, and levels of angiogenic CXC chemo-

kines, as well as with tumor vessel density in this study.

On the other hand, we did not observe a relationship

between CD74 immunohistochemistry and disease-free

survival.

Although MIF was one of the earliest cytokine activities

to be described in 1966, it was not until it was cloned in

the late 1980s that more became known about its diverse

properties which include the ability to antagonize cortico-

steroid activity, block p53-dependent apoptosis,20,21,34 an-

tagonize the Rb tumor suppressor,22 promote angiogene-

sis,16,25,35,36 and even mediate a tautomerase enzymatic

activity.37 Many of these properties suggest that MIF

could play a role in tumor biology, but further study of this

was limited by the lack of a known receptor for MIF. One

report showed that MIF had an intracellular binding tar-

get, called Jnk-activation domain-binding protein 1

(Jab1) which is a co-activator of the AP-1 transcription

factor. MIF was found to inhibit AP-1-dependent tran-

scription. However, this did not explain the ability of MIF

to act as a potent stimulator of sustained Erk1/2 phos-

phorylation. More recently, one report described the find-

ing that MIF can signal through the CXC chemokine

receptor CXCR2.38 However, this study did not account

for the fact that MIF potently induces the expression of

CXCR2 ligands, the angiogenic CXC chemokines.

A screen of cDNA libraries for clones that conferred

extracellular MIF binding identified CD74 as the surface

receptor for MIF. CD74 designates the invariant chain of

HLA class II (Ii, or in the mouse Ia). The main function of

invariant chain was believed to be as a chaperone mol-

ecule, directing the assembly of class II � and � chains in

the Golgi compartment, and transporting them to the cell

surface.39 However, a small fraction of invariant chain

can become membrane-associated, as reported by

Wraight and colleagues.40 Overall, there is substantial

evidence from in vitro studies and animal models that

CD74 is the receptor through which protumor properties

of MIF are mediated.11,24,41–43 CD74-dependent signal-

ing of extracellular MIF has been identified in gastric,41

prostate,42 and breast24 carcinoma cells in vitro. A study

done by Ioachim and colleagues29 intended to examine

the reactivity of a panel of lymphoid monoclonal antibod-

ies against 25 lung cancer specimens, in which the LN2

monoclonal antibody (against CD74) was one of the an-

tibodies which demonstrated reactivity with NSCLC (but

not small cell, SCLC). These authors postulated that this

panel of antibodies (including LN2) could be useful to

distinguish NSCLC from SCLC. This finding predated the

discovery that CD74 was a potential receptor for MIF.26,29

We reasoned that if CD74 was the cell surface receptor

for MIF in lung cancer, its expression should be readily

identified, particularly in areas where MIF was present.

We also anticipated that the distribution of CD74 might

indicate whether the primary role of MIF in lung cancer

was as a paracrine factor (such as inducing the expres-

sion of angiogenic CXC chemokines in tumor-associated

macrophages), or as an autocrine factor to promote cell

cycle activity,44 or antagonize key tumor suppressor

pathways.20–22,24 Our results confirm that CD74 is

present in the large majority of lung cancer specimens. In

some specimens it is present only in stromal cells of the

surrounding tumor microenvironment (Figure 2E for ex-

ample). This supports our initial assumption that the role

of MIF in NSCLC is to induce the expression of angio-

genic CXC chemokines from tumor-associated stromal

cells.16 Flow cytometry confirms that CD74 expression is

indeed present on the surface of cells within the tumor,

and deletion of myeloid cells with anti-CD45 microbeads

did not completely remove all of the CD74-positive cells

from tumor digests. We cannot say what the remaining

cells were in the tumor digests after depletion of CD45	

cells, but it is likely a mixture of malignant epithelial cells

and myofibroblasts. The percentage of tumor cells stain-

ing for CD74 in flow cytometry is less than the proportion

one might guess from looking at immunohistochemistry

alone, and this would suggest that a proportion of the

CD74 observed in tissue sections is intracellular. Never-

theless, the presence of CD74 on cultured NSCLC cell

lines, and the ability of anti-CD74 antibody to reduce the

expression of angiogenic CXC chemokines in vitro in our

study, and in others’ hands,45 suggests that cell surface

CD74 in NSCLC is an important mediator of the biological

effects of MIF in lung cancer. The majority of tumors

showed immunoreactivity for CD74 on both tumor and

stromal cells, suggesting an autocrine role of tumor cell-

derived MIF. Indeed, we found that the levels of angio-

Figure 6. Flow cytometric analysis of A549 cells (top) and Calu 6 cells
(bottom) stained with control antibody (left) or CD74 antibody (right),
showing surface expression of CD74 in a fraction of the cells. Cells were
harvested with trypsin, and with the gating shown, 26% of A549 cells and
28% of Calu 6 cells were positive for CD74. Data are representative of two
experiments.

644 McClelland et al
AJP February 2009, Vol. 174, No. 2



genic CXC chemokines were higher in these tumors than

in tumors where CD74 was restricted to the stromal cells.

This suggests that tumor cell-derived MIF might act on

both malignant cells as well as stromal cells to increase

the expression of angiogenic CXC chemokines. In vitro

studies confirmed that MIF, likely acting via its receptor

CD74, can induce expression of angiogenic CXC che-

mokines in an autocrine manner as well.

In summary, we report finding CD74 expression in the

large majority of NSCLC samples by immunohistochem-

istry. Consistent with prior observations reported by our

laboratory, the co-expression of MIF and its putative re-

ceptor CD74 in NSCLC is associated with greater tumor

vascularity and greater levels of angiogenic CXC chemo-

kines. CD74 may be a valuable therapeutic target for

anti-angiogenic therapy.
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