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ABSTRACT
 In normal cells cluster of differentiation 74 (CD74) acts as a chaperone of human leukocyte antigen (HLA)-DR
 by formation of a trimetric structure. In the lack of tumor presence most antigen presenting cells are expressed.
 However, recent data suggests that CD74 is major link between proinflammatory responses and tumorigenesis
 but that detailed mechanisms are not fully understood. CD74 is also thought to be involved in signalling pathways
 via macrophage migration inhibitory factor (MIF) and CD44; controlling the proliferation and apoptosis of cancer
 its capability to interact with other signaling cells. The role CD74 as an accessory signal receptor on surface and
 molecules presents CD74 as a crucial therapeutic target for the treatment of cancer. This review will discuss the role
 of CD74 in several aspects including antigen presentation, cancer immunomodulation as well as the interaction of
CD74 along with MIF and CD44.
 The overall aim of this review is to translate the recent outcome from the previous study to the clinical level and to
 study the expression and the role of CD74 in human breast cancer in Saudi population. Comparison between normal
 people and patients could be applied. We are also planning to link the level of CD74 expression to different stage
 of breast cancer so CD74 could potentially be used as a ‘biomarker signature’ to monitor different stages of breast
cancer.
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INTRODUCTION
Structure of cluster of differentiation 74
 In humans, the gene that encodes the CD74
 or invariant chain (Ii) molecule is located on
 chromosome 5q32 (Yamamoto, 1985; Liu
 and Lin, 2014). Jones and his colleagues were
 the first to recognize the Ii protein in 1979,
 specifically when the MHC class α chain and
 Ii was separated in 2D-gels. In spite of this, in
 1989 it was discovered that Ii has a vital role
 in antigen presentation through persuading
 the expression and peptide loading of MHC
 class II molecules (Badve et al., 2002). In
 1995, the name CD74 was given to Ii by
 ‘Leukocyte Typing Workshop’ (Landsverk
 et al., 2009). CD74, also known as invariant
 chain, Ii or MIF receptor, is classified as a
 type II transmembrane glycoprotein that is
 expressed on antigen presenting cells and
 has diverse immunological functions (Burton
 et al., 2004; Stein et al., 2007; Beswick and
 Reyes, 2009). CD74 is post-translationally
 glycosylated and exists in various isoforms.

 There are four isoforms of CD74 in human
 beings, P33, P35, P41 and P43. Via alternative
 splicing of the invariant chain (Ii) transcript
 where the P41 isoform has an extra exon,
 (exon 6b) these isoforms can be differentiated.
 However, the most common isoform (P33)
 has a molecular weight of 33 kDa (Landsverk
 et al., 2009; Beswick and Reyes, 2009).
 The structure of CD74 (shown in Figure 1)
 consists of a short an NH2-terminal cytosolic
 tail of 30 amino acids, intracytoplasmic
 residues (IC), a 26 amino acid hydrophobic
 transmembrane region (TM) and 160 amino
 acid extracytoplasmic domain containing
 two N-linked carbohydrate chains (EC)
 (Stein et al., 2007; Landsverk et al., 2009;
 Shachar and Haran 2011; Gil- Yarom et al.,
 2014). CD74 is synthesized on the rough
 endoplasmic reticulum in same manner as
 MHC class II molecules despite the genes of
 these molecules being located on different
chromosomes (Badve et al., 2002).
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Figure 1: Schematic diagram of gene and protein structure of CD74.

 The corresponding gene of the invariant
 chain (Ii) consists of nine exons. The p33
 and p35 forms of Ii, both encoded by eight
 exons, differ by 16 N-terminal residues as
 a result of alternative translation initiation.
 The p41, encoded by nine exons, is generated
 by alternative splicing of a common pre-
 m-RNA. The exon 6b in p41 and p43 encodes
 a cysteine rich stretch of 64 amino acids
 near the C-terminus. All isoforms contain
 at least two N-linked and two O-linked
 glycosylations. Adapted from (Strubin et al.,
1986, Gregers et al., 2003).

The function of CD74
 The most well-known function of CD74 is its
 ability to associate with MHC class II α and
 β chains, directing the transport of the αβIi
 complex to the endosome and lysosome (Pyrz
 et al., 2010). Specifically, the role of CD74
 in antigen presentation has been divided
 into three main functions. Firstly, CD74
 acts as a chaperone that is responsible for
 stabilizing nascent human leukocyte antigen
 (HLA)-DR αβ-heterodimers by formation of
 a trimetric structure. Secondly, by means of
 various sorting and internalization signals
 in its N-terminal cytoplasmic tail, CD74
 targets HLA-DR molecules to subcellular
 compartments. Thirdly, CD74 prevents
 loading of antigenic peptides into the groove
of HLA-DR molecules outside endosomes/

 lysosomes through a stretch called CLIP
 (Class II-associated Invariant chain Peptide)
 (amino acids 91-99) (Moldenhauer et al.,
 1999). CD74 is evolving as a more effectual
 molecule beside its eminent functions
 of regulating class II MHC trafficking.
Numerous studies have elaborated that cell-
 surface expression of CD74 is not always
 reliant on class II MHC (Wilson et al., 1993;
 Beswick and Reyes, 2009). In this context,
 CD74 has been suggested to function as a
 cytokine and bacterial receptor. CD74 has
 also been shown to be involved in signalling
 along with Macrophage migration inhibitory
 factor (MIF) and CD44 pathways as a survival
 receptor (Stein et al., 2007; Beswick and
 Reyes, 2009). CD74 was also demonstrated
 to be involved in the maturation of B cells
 through a pathway involving nuclear factor
 kappa-light-chain-enhancer of activated B
cells (NF-kB) (Stein et al., 2007).

CD74 and the antigen presentation 
process
The MHC class II molecule is mainly 
expressed by a limited set of cells called 
professional antigen presenting cells (APCs), 
which include cells of the monocyte-
macrophage lineage, dendritic cells (DCs) 
and B-lymphocytes, unlike MHC class I 
molecules which are ubiquitously expressed 
on all nucleated cells (Neefjes et al., 2011). 
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The function of MHC class II is to present 
antigenic peptides from exogenous origin to 
a specialized T cell, CD4+ in the presence 
of invariant chain (CD74). Hence, when 
CD74 is synthesized, it begins to associate 
with MHC class II (HLA-DR-a) and MHC 
class II (HLA-DR-b) within the endoplasmic 
reticulum (Burton et al., 2004; Stein et al., 
2007; Landsverk et al., 2009). The association 
between these molecules is believed to take 
place in the rough endoplasmic reticulum 
through the sequential addition of DR a and 
b  heterodimers to a trimeric core of CD74 
molecules in order to from a nine-subunit 
complex with an equimolar amount of 
CD74–MHC class II. The resulting complex 
of CD74 and MHC class II is then gradually 
transported through Golgi apertures to the 
late endosomal compartment that is termed 
the MHC class II compartment (MIIC) either 
directly or within the plasma membrane. 
Here, CD74 is digested and cleaved into 
peptide fragments by endosomal/lysosomal 
proteases, leaving residual class II-associated 
Ii peptides (CLIP; amino acids 91-99) in the 
peptide-binding groove of the MHC class 
II heterodimer. In order to promote the 
exchange of CLIP fragments for specific 
peptides derived from a protein degraded 
in the endosomal pathway, MHC class II 
molecules require HLA-DM. By reaching 
this stage, MHC class II molecules are ready 
for transporting via the plasma membrane to 
present their peptides to CD4+ T cells (Burton 
et al., 2004; Stein et al., 2007; Landsverk et 
al., 2009; Beswick and Reyes, 2009; Neefjes 
et al., 2011).

The role of CD74 in cancer
The CD74 expression has been reported in 
normal tissues and their associated cells such 
as HLA class II-positive cells, which include 
number of cell types including macrophages, 
dendritic cells, monocytes, B cells, activated 
T cells subsets, cells from thymic epithelium.  
However, several studies have confirmed that 
CD74 is highly expressed in inflammatory 
disorders and several types of tumors (Stein 

et al., 2007; Beswick and Reyes, 2009). For 
example, 90% of B-cell cancers and majority 
of the cell lines derived from these cancers 
express CD74 in high levels compared to 
normal tissues (Stein et al., 2007). In particular, 
CD74 is expressed on different cancer cells, 
such as myeloma; prostate cancer cells, 
cancers of the gastrointestinal tract as well 
as breast cancer (Beswick and Reyes, 2009; 
Verjans et al., 2009). CD74 expression has 
also been shown to be correlated positively 
with gastric cancer stages (Zheng et al., 
2012). Recently, CD74 has been classified 
as a new prognostic factor for patients with 
malignant pleural mesothelioma (Otterstrom 
et al., 2014). Moreover, Cheng et al. (2015) 
have also revealed that CD74 has a high 
potential in treating thyroid carcinoma.
Verjans et al (2009) have shown that breast 
cancer tissues and breast cancer cell lines 
overexpressed CD74. Interestingly, it is also 
reported that CD74 was expressed in tumour 
cells from 61% of ER–/PR– breast cancer 
biopsies and from 33% of ER+/PR+ biopsies 
(Leth-Larsen et al., 2009). Greenwood et al. 
(2011) also revealed that triple negative breast 
cancer highly expressed signal transducer 
and activator of transcription (STAT-1) and 
CD74. Similarly, Tian et al. (2012) have 
shown that CD74 was lower expressed in 
non-triple negative breast cancer while it is 
highly expressed on triple negative breast 
cancer and metastatic lymph nodes. Richard 
et al. (2014) showed that in the absence of 
estrogen receptors, expression of stromal 
CD74 is well associated with triple-negative 
receptor. Recently, according to Yaprak et al. 
(2015) patients who suffer from breast cancer 
with no CD74 expression had significantly 
better surgical outcomes than CD74-
positive. To emphasize the role of CD74 in 
tumourigenicity and immunogenicity, the 
expression of CD74 has been assessed under 
inflammatory conditions using interferon-
gamma and lipopolysaccharide (Greenwood 
et al., 2011; Zheng et al., 2012). Since then 
CD74 has been identified as a potential novel 
target for breast cancer therapies as well as 



102

The role of cluster of differentiation 74 in cancer and cancer...                                  Hussain Al Ssadh et al., 

other types of cancer such as prostate, gastric 
cancer and thyroid carcinoma (Meyer-Siegler 
et al., 2004; 2006; Leth-Larsen et al., 2009; 
Verjans et al., 2009; Tian et al., 2012; Zheng 
et al., 2012; Richard et al., 2014; Cheng et 
al., 2015). Gai et al. 2018 have shown that 
the levels of proliferation and invasion were 
decreased in the CD74 knockdown‑HT‑1376 
cells.

CD74 and IFNg
 In terms of proinflammatory cytokines,
 Möller and Moldenhauer (1999) have
 shown that the expression of CD74 can be
 induced using several types of cytokines
 such as IFN-γ, TNF-a and IL-4. Maubach
 et al. (2007) revealed that CD74 expression
 was upregulated when hepatic stellate cells
 (HSCs) were treated with IFN-γ for 30 hr.
 Martín-Ventura et al. (2009) demonstrated
 that the expression of CD74 increased after
 IFN-γ treatment in  human aortic VSMCs
 and THP-1  cells. Moldenhauer et al. (1999)
 also showed that the expression of CD74,
 HLA-DR and HLA-A, B, C increased when
 colon carcinoma cell lines (HT-29 cells)
 were incubated with recombinant- IFN-γ
 (rIFN-γ). Similarly, Burton et al. (2010)
found that CD 74 expression was up-
 regulated not only on the surface of cells
 obtained from acute myeloid leukaemia
 (AML) but also in the tissues from AML
 patients when treated with IFN-γ. In the same
 manner, Greenwood et al. (2011) recently
 demonstrated that the expression of CD74
  is upregulated in breast cancer cell lines.
 Their findings suggested that overexpression
 of CD74 using IFN-γ treatment increased
 adhesion of tumour cells (Greenwood et al.,
 2011). Interferon-gamma (IFN-γ) is a potent
 proinflammatory cytokine that has many
 critical roles including; promoting immune
 responses, immunopathological processes,
 cell maturation, differentiation, activation,
 and apoptosis (Pestka et al., 1987; Platt and
 Hunt, 1998; Dranoff, 2004). It is know that
 IFN-γ plays a critical role in cancer and
 cancer progression by controlling apoptosis,

 cell proliferation, angiogenesis and the
 expression of MHC class I and II (Sikora
 and Smedley, 1983; Gooch et al., 2000;
 Brandacher et al., 2006; Zaidi and Merlino,
 2011;). However, IFN-γ has another face
 that functions against the immune system,
 and increases the tumourigenicity of tumour
 cells (Zaidi and Merlino, 2011). There is
 now emerging evidence that IFN-γ may
also be involved at the equilibrium and/
 or evasion stages, roles that may be more
 pro-tumourigenic. IFN-γ has been shown
 to upregulate the suppression of cytotoxic
 cells (CTL) and NK cell- mediated immune
 responses, and is central to tumour immune
 escape (Brody et al., 2009). IFN-γ has also
 been suggested to enable tumours to escape
 innate immune system surveillance and
 influence tumour growth and dissemination
 by induction of CD74 (Greenwood et al.,
2011; Chao et al., 2012).

The role of CD74 in cancer 
immunomodulation
Research has shown that CD74 plays a 
significant role in tumour immunosurveillance 
and cancer immunomodulation. Chao et al. 
(2012) hypothesised that over expressed 
CD74 might enable tumours to escape 
the immunosurveillance recognition via 
evasion of phagocytosis. It is believed that 
CD74 inhibits phagocytosis via the ligation 
of expressed signal regulatory protein-α 
(SIRP-a) by phagocytes resulting in tyrosine 
activation as well as inhibition of myosin 
accumulation at the submembrane assembly 
site of the phagocytic synapse (Tsai and 
Discher, 2008). So, CD74 functions as a 
‘don’t eat me signal’ and a marker of self, 
as loss of CD74 may lead to phagocytosis of 
damaged cells (Oldenborg et al., 2000; Blazar 
et al., 2001; Chao et al., 2012). This process 
occurs when CD74 on tumour cells binds to 
SIRP-a on phagocytes leading to promotion 
of phagocyte inhibition and tumour survival 
(Chao et al., 2012). In support of this 
hypothesis, it has been shown that forced 
expression of CD74 enhances dissemination 
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and fulminantes death in xenografted mice 
in a CD74-deficient myeloid leukaemia cell 
lines (Jaiswal et al., 2009).
CD74 expression by tumour cells has been 
linked to the process of tumour recognition 
by T cells and antigen presentation (Beswick 
and Reyes, 2009). CD74 is thought to be a 
link molecule between the endogenous and 
the exogenous antigen presentation pathway 
as shown recently by Basha and his group 
(Basha et al., 2012).  It has been also shown 
that CD74 exhibits physical association with 
HLA-DR promoting re-cycling of HLA-DR 
into the endosomes. It was proposed that the 
high level expression of CD74 might prevent 
the antigen presentation process by blocking 
the peptide binding cleft rendering tumours 
less immunogenic. Moreover, it has been 
demonstrated that upregulation of CD74 
in human cancer cells directly influences 
tumours growth and dissemination suggesting 
that CD74 may have a role in escaping the 
equilibrium phase of cancer immuneediting 
(Chao et al., 2012).
 In addition, it has been confirmed recently
 that blocking CD74 expression on tumour
 cells by anti-CD74 antibodies may facilitate
 the elimination of tumour cells by the immune
 system (Zheng et al., 2012; Otterstrom et al.,
 2014). It has been suggested that the anti-CD74
 antibody eradicates tumour cells through
 the Fc-dependent mechanism including
 complement dependent cytotoxicity (CDC)
 and antibody-dependent cellular cytotoxicity
 (ADCC) (Chao et al., 2012). Interestingly,
 it was found that the anti-CD74 antibody
 induces cytotoxicity of NK cells against
 head and neck cancer (Kim et al., 2008).
 Another suggestion proposed is that blocking
 CD74 may induce the level of tumour cells
 apoptosis in vivo and in vitro (Kikuchi et al.,
2005; Uno et al., 2007). Anti-CD74 antibody-
 mediated apoptosis may be involved in
 the ligation process with thrombospondin
 ligand activation but is not dependent on the
 caspase apoptotic pathways (Mateo et al.,
 2002; Manna and Frazier, 2004). In support
 of this finding, CD74 has been suggested to

 be involved in signalling pathways via MIF
 and CD44 increasing tumour cell survival
 and inhibition of apoptosis (Tillmann et al.,
 2013; Yaddanapudi et al., 2013; Richard et
al., 2014).

The interaction of CD74 along with MIF 
and CD44
 Several studies have shown that MIF can
 bind to the extracellular domain of CD74
 to promote signalling pathways including
 inflammatory processes, activation of
 Extracellular-signal-regulated kinases 1
 (ERK1) and Extracellular-signal-regulated
 kinases 2 (ERK2) members of the family of
 mitogen-activated protein kinases (MAPKs),
 cell proliferation, prostaglandin E2 (PGE2)
 production, chemokine-mediated signalling
 and apoptosis (Leng et al., 2003; Shi et al.,
 2006; Starlets et al., 2006; Bach et al., 2009;
 Fan et al., 2011; Tillmann et al., 2013).
 However, the short cytoplasmic tail of CD74
 lacks a signal-transducing intracellular
 domain, although phosphorylation of the
 serine residues takes place on the P35 variant
 of CD74 and requires CD44 (Zernecke et
 al., 2008; Borghese and Clanchy, 2011). The
 binding of CD44 required MIF mediated cell
 signaling cascade via Src-tyrosine kinase
 (Shi et al., 2006) and this also involved
 chondroitin sulfate, which leads to the
 formation of receptor complex that activate
 ERK1 and ERK2 kinases, which further
 activates number of inflammatory mediators
 associated events (Borghese and Clanchy,
 2011; Naujokas et al., 1993). Interestingly,
 the extracellular kinases ERK1 and ERK2
 remain to be activated for several hours.
 Therefore, this cell signaling event continues
 to promote inflammatory process (Mitchell
 et al., 1999; Lue et al., 2006). Not only
 have these, Activation of the kinase (Akt)
 another proinflammatory cell signaling
 pathway is activated by MIF (Lue et al.,
 2007). This further activates pro- apoptotic
 proteins, namely BAD and BAX and the
 cells acquire signals to withstand apoptosis
 (Lue et al., 2007). In B-lymphocytes, MIF
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 induces a signalling cascade that leads to
 NF-κB activation, proliferation and survival
 (Matza et al., 2001; Starlets et al., 2006).
 We have shown recently that CD44 interacts
 only with p41, the most abundant isoform of
 CD74 (Al Ssadh et al., 2017). Unpublished
 data also have confirmed that using siRNA
 to knockdown CD74 in breast cancer might
 play a significant role in the apoptosis and
 proliferation of breast cancer (Al Ssadh
 Hussain, unpublished data). It has been also
 shown recently that CD74 expression is
associated with better prognosis in Basal-
 like subtype invasive breast cancer. This
 association correlates with higher levels of
 MHCII expression by tumor cells and with a
dense TIL response (Wang et al., 2017).

CONCLUSION
The discovery of CD74 and its natural 
ligand as well as its role in association with 
its binding partners has led to understand 
the association of CD74 signaling with the 
molecular mechanisms present in immunity 
and cancer. The expression of CD74 in antigen 
presenting cells is responsible to regulate the 
process of antigen presentation in presence 
of MHC class II. However, recent data has 
shown that CD74 expression may lead to 
incapacitate the immune system. In addition, 
various studies including clinical studies 
revealed that CD74 has a crucial contribution 
in various diseases and different variety of 
cancers. Additional researches on CD74 
along with its effect on cellular processes, 
comprising the complex interactions in 
between CD74 and its binding associates 
such MIF and CD74, will unquestionably 
translate into clinical benefit for patients. 

Conflict of Interests
 The authors declare that they have no conflict
of interest.

     ACKNOWLEDGEMENT
 Authors are grateful acknowledged to the
 support of College of Medicine, Qassim
 University, KSA.

REFERENCES
Al Ssadh, H., Spencer, P., Alabdulmenaim, 

W., Alghamdi1, R., Madar, I. H., Miranda-
Sayago, J. M., and Fernández, N. 2017. 
Measurements of heterotypic associations 
between cluster of differentiation CD74 and 
CD44 in human breast cancer-derived cells. 
Oncotarget. 8(54):92143.

Bach, J. P., Deuster, O., Balzer‐ Geldsetzer, M., 
Meyer, B., Dodel, R., and Bacher, M. 2009. 
The role of macrophage inhibitory factor in 
tumour igenesis and central nervous system 
tumours. Cancer. 115(10): 2031-2040.

Badve, S., Deshpande, C., Hua, Z., and Lennart, 
L. 2002. Expression of invariant chain (CD74) 
and major histocompatibility complex (MHC) 
class II antigens in the human fetus1. Journal 
of Histochemistry & Cytochemistry. 50(4): 
473-482.

Basha, G., Omilusik, K., Chavez-Steenbock, 
A., Reinicke, A. T., Lack, N., Choi, K. 
B., and Jefferies, W. A. 2012. A CD74-
dependent MHC class I endolysosomal cross-
presentation pathway. Nature Immunology. 
13(3): 237-245.

Beswick, E. J., and Reyes, V. E. 2009. CD74 
in antigen presentation, inflammation, and 
cancers of the gastrointestinal tract. World 
journal of gastroenterology. 15(23): 2855-
2861.

Blazar, B. R., Lindberg, F. P., Ingulli, E., 
Panoskaltsis-Mortari, A., Oldenborg, P. A., 
Iizuka, K., Yokoyama, W.M., and Taylor, P. 
A. 2001. CD74 (integrin-associated protein) 
engagement of dendritic cell and macrophage 
counterreceptors is required to prevent the 
clearance of donor lymphohematopoietic 
cells. The journal of experimental medicine. 
194(4): 541-550.

Borghese, F., and Clanchy, F. I. 2011. CD74: An 
emerging opportunity as a therapeutic target 
in cancer and autoimmune disease. Expert 
Opinion on Therapeutic Targets. 15(3): 237-
251.

Brandacher, G., Winkler, C., Schroecksnadel, 
K., Margreiter, R., and Fuchs, D. 2006. 
Antitumoural activity of interferon-involved 
in impaired immune function in cáncer 
patients. Current Drug Metabolism. 7(6): 
599-612.



105

Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.20 (1)       June 2019 (1440 H)

Brody, J. R., Costantino, C. L., Berger, A. C., 
Sato, T., Lisanti, M. P., Yeo, C. J., Emmons, 
R.V., and Witkiewicz, A. K. 2009. Expression 
of indoleamine 2, 3-dioxygenase in metastatic 
malignant melanoma recruits regulatory T 
cells to avoid immune detection and affects 
survival. Cell Cycle. 8(12): 1930-1934.

Burton, J. D., Ely, S., Reddy, P. K., Stein, R., 
Gold, D. V., Cardillo, T. M., and Goldenberg, 
D.M. 2004. CD74 is expressed by multiple 
myeloma and is a promising target for therapy. 
Clinical Cancer Research. 10(19): 6606-6611.

Burton, J. D., Stein, R., Chandra, A., Chen, S., 
Mishra, N., Shah, T., and Goldenberg, D. M. 
2010. Expression of CD74 by AML blasts and 
cell lines, and enhanced in vitro cytotoxicity 
of anti-CD74 antibody after interferon-
gamma (IFN-{gamma}) treatment. Journal of 
Clinical Oncology. 28(15): 6576.

Chao, M. P., Weissman, I. L., and Majeti, R. 2012. 
The CD74–SIRPα pathway in cancer immune 
evasion and potential therapeutic implications. 
Current   Opinion   in   Immunology. 24(2): 
225-232.

Cheng, S. P., Liu, C. L., Chen, M. J., Chien, M. 
N., Leung, C. H., Lin, C. H., Hsu, Y.C., and 
Lee,  J.  J. 2015.  CD74 expression and   its   
therapeutic   potential   in   thyroid carcinoma.  
Endocrine-related Cancer. 22(2): 179-190.

Dranoff, G. 2004. Cytokines in cancer 
pathogenesis and cancer therapy. Nature 
Reviews Cancer. 4(1): 11-22.

Fan, H., Hall, P., Santos, L. L., Gregory, J. L., 
Fingerle-Rowson, G., Bucala, R., Morand, 
E.F., and Hickey, M. J. 2011. Macrophage 
migration inhibitory factor and CD74 
regulate macrophage chemotactic responses 
via MAPK and Rho GTPase. The Journal of 
Immunology. 186(8): 4915-4924.

Gai, J., Wahafu, W., Song, L., Ping, H., Wang, 
M., Yang, F., Niu, Y., Qing, W., and Xing, N. 
2018. Expression of CD74 in bladder cancer 
and its suppression in association with cancer 
proliferation, invasion and angiogenesis in 
HT-1376 cells. Oncology Letters. 15(5): 
7631-7638.

Gil-Yarom, N., Becker, Herman S., Shachar, 
I. 2014. CD74 (CD74 molecule, major 
histocompatibility complex, class II invariant 
chain). Atlas Genet Cytogenet Oncol 
Haematol, 18(12): 879-885.

Gooch, J. L., Herrera, R. E., and Yee, D. 2000. 
The role of p21 in interferon gamma-mediated 
growth inhibition of human breast cancer 
cells. Cell Growth & Differentiation: The 
Molecular Biology Journal of the American 
Association for Cancer Research. 11(6): 335-
342.

Greenwood, C., Metodieva, G., Al-Janabi, K., 
Lausen, B., Alldridge, L., Leng, L., and 
Metodiev, M. V. 2012. Stat1 and CD74 
overexpression is co-dependent and linked to 
increased invasion and lymph node metastasis 
in triple-negative breast cancer. Journal of 
Proteomics. 75(10): 3031-3040.

Gregers, T. F., Nordeng, T. W., Birkeland, H. 
C., Sandlie, I., and Bakke, O. 2003. The 
cytoplasmic tail of invariant chain modulates 
antigen processing and presentation. European 
Journal of Immunology. 33(2): 277-286.

Jaiswal, S., Jamieson, C. H., Pang, W. W., Park, 
C. Y., Chao, M. P., Majeti, R., Traver, D., 
Rooijen, N., and Weissman, I. L. 2009. CD47 
is upregulated on circulating hematopoietic 
stem cells and leukemia cells to avoid 
phagocytosis. Cell. 138(2): 271-285.

Kikuchi, Y., Uno, S., Kinoshita, Y., Yoshimura, 
Y., Iida, S. I., Wakahara, Y., Tsuchiya, M., 
Yamada-Okabe, H., and Fukushima, N. 2005. 
Apoptosis inducing bivalent single-chain 
antibody fragments against CD47 showed 
antitumour potency for multiple myeloma.  
Leukemia Research. 29(4): 445-450.

Kim, M. J., Lee, J. C., Lee, J. J., Kim, S., Lee, 
S. G., Park, S. W., Sung, M.W., and Heo, D. 
S. 2008. Association of CD47 with natural 
killer cell-mediated cytotoxicity of head-and-
neck squamous cell carcinoma lines. Tumour 
Biology. 29(1): 28-34.

Landsverk, O. J. B., Bakke, O., and Gregers, T. 
F. 2009. MHC II and the endocytic pathway: 
Regulation by invariant chain. Scandinavian 
Journal of Immunology. 70(3): 184-193.

Leng, L., Metz, C. N., Fang, Y., Xu, J., Donnelly, 
S., Baugh, J., Delohery, C. Y., Mitchell, R.A., 
and Bucala, R. 2003. MIF signal transduction 
initiated by binding to CD74. The Journal of 
Experimental Medicine. 197(11): 1467-1476.



106

The role of cluster of differentiation 74 in cancer and cancer...                                  Hussain Al Ssadh et al., 

Leth-Larsen, R., Lund, R., Hansen, H. V., 
Laenkholm, A. V., Tarin, D., Jensen, O. N., and 
Ditzel, H. J. 2009. Metastasis-related plasma 
membrane proteins of human breast cancer 
cells identified by comparative quantitative 
mass spectrometry. Molecular & Cellular 
Proteomics. 8(6): 1436-1449.

Liu, Y. H., and Lin, J. Y.  2014.  Recent advances 
of cluster of differentiation 74 in cancer. 
World J Immunol. 4(3): 174-184.

Lue, H., Kapurniotu, A., Fingerle-Rowson, G., 
Roger, T., Leng, L., Thiele, M., Calandrad, T., 
Bucalae, R., and Bernhagen, J. 2006. Rapid 
and transient activation of the ERK MAPK 
signalling pathway by macrophage migration 
inhibitory factor (MIF) and dependence on 
JAB1/CSN5 and Src kinase activity. Cellular 
Signalling. 18(5): 688-703.

Lue, H., Thiele, M., Franz, J., Dahl, E., 
Speckgens, S., Leng, L., Fingerle-Rowson, 
G., Bucala, R., Lüscher, B., and Bernhagen, J. 
2007. Macrophage migration inhibitory factor 
(MIF) promotes cell survival by activation of 
the Akt pathway and role for CSN5/JAB1 
in the control of autocrine MIF activity. 
Oncogene. 26(35): 5046-5059.

Manna, P. P., and Frazier, W. A. 2004. CD47 
mediates killing of breast tumour cells via 
Gi- dependent inhibition of protein kinase A. 
Cancer Research. 64(3): 1026-1036.

Martín-Ventura, J. L., Madrigal-Matute, J., 
Muñoz-Garcia, B., Blanco-Colio, L. M., Van 
Oostrom, M., Zalba, G., Fortuño, A., Gomez-
Guerrero, C., Ortega, L., Ortiz, A., Diez, J., and 
Egido, J. 2009. Increased CD74 expression in 
human atherosclerotic plaques: contribution 
to inflammatory responses in vascular cells. 
Cardiovascular Research. 83(3): 586-594.

Mateo, V., Brown, E. J., Biron, G., Rubio, M., 
Fischer, A., Le Deist, F., and Sarfati, M. 2002. 
Mechanisms of CD47-induced caspase-
independent cell death in normal and leukemic 
cells: Link between phosphatidylserine 
exposure and cytoskeleton organization. 
Blood. 100(8): 2882-2890.

Matza, D., Wolstein, O., Dikstein, R., and 
Shachar, I. 2001. Invariant chain induces B 
cell maturation by activating a TAFII105-NF-
κB-dependent transcription program. Journal 
of Biological Chemistry. 276(29): 27203-
27206.

Maubach, G., Lim, M. C. C., Kumar, S., and 
Zhuo, L. 2007. Expression and upregulation 
of cathepsin S and other early molecules 
required for antigen presentationin activated 
hepatic stellate cells upon IFN-γ treatment. 
Biochimica et Biophysica Acta (BBA), 
Molecular Cell Research. 1773(2): 219-231.

Meyer-Siegler, K. L., Iczkowski, K. A., Leng, L., 
Bucala, R., and Vera, P. L. 2006. Inhibition 
of macrophage migration inhibitory factor 
or its receptor (CD74) attenuates growth and 
invasion of DU-145 prostate cancer cells. The 
Journal of Immunology. 177(12): 8730-8739.

Meyer-Siegler, K. L., Leifheit, E. C., and Vera, P. 
L. 2004. Inhibition of macrophage migration 
inhibitory factor decreases proliferation and 
cytokine expression in bladder cancer cells. 
BMC Cancer. 4(1): 34-46.

Mitchell, R. A., Metz, C. N., Peng, T., and 
Bucala, R. 1999. Sustained mitogen-activated 
protein kinase (MAPK) and cytoplasmic 
phospholipase A2 activation by macrophage 
migration inhibitory factor (MIF) Regulatory 
role in cell proliferation and glucocorticoid 
action. Journal of Biological Chemistry. 
274(25): 18100-18106.

Moldenhauer, G., Henne, C., Karhausen, J., and 
Möller, P. 1999. Surface-expressed invariant 
chain (CD74) is required for internalization 
of human leucocyte antigen-DR molecules to 
early endosomal compartments. Immunology-
Oxford. 96: 473-484.

Möller, P., and Moldenhauer, G. 1999. CD74. 
Journal of Biological Regulators and 
Homeostatic Agents. 14(4): 299-301.

Naujokas, M. F., Morin, M., Anderson, M. 
S., Peterson, M., and Miller, J. 1993. The 
chondroitin sulfate form of invariant chain 
can enhance stimulation of T cell responses 
through interaction with CD44. Cell. 74(2): 
257-268.

Neefjes, J., Jongsma, M. L., Paul, P., and Bakke, 
O. 2011. Towards a systems understanding 
of MHC class I and MHC class II antigen 
presentation. Nature Reviews Immunology. 
11(12): 823-836.

Oldenborg, P. A., Zheleznyak, A., Fang, Y. 
F., Lagenaur, C. F., Gresham, H. D., and 
Lindberg, F. P. 2000. Role of CD47 as a 
marker of self on red blood cells. Science. 
288(5473): 2051- 2054.



107

Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.20 (1)       June 2019 (1440 H)

Otterstrom, C., Soltermann, A., Opitz, I., Felley-
Bosco, E., Weder, W., Stahel, R. A., Triponez, 
F., Robert, J.H., and Serre-Beinier, V. 2014. 
CD74: A new prognostic factor for patients 
with malignant pleural mesothelioma. British 
Journal of Cancer. 110(8): 2040-2046.

Pestka, S., Langer, J. A., Zoon, K. C., and Samuel, 
C.  E.1987. Interferons and their actions. 
Annual Review of Biochemistry. 56(1): 727-
777.

Platt, J. S., and Hunt, J. S. 1998. Interferon-
gamma gene expression in cycling and 
pregnant mouse uterus: temporal aspects and 
cellular localization. Journal of Leukocyte 
Biology. 64(3): 393-400.

Pyrz, M., Wang, B., Wabl, M., and Pedersen, 
F. S. 2010. A retroviral mutagenesis screen 
identifies Cd74 as a common insertion site 
in murine B-lymphomas and reveals the 
existence of a novel IFNγ-inducible CD74 
isoform. Molecular Cancer. 86(9): 2-17.

Richard, V., Kindt, N., Decaestecker, C., Gabius, 
H. J., Laurent, G., Noël, J. C., and Saussez, S. 
2014. Involvement of macrophage migration 
inhibitory factor and its receptor (CD74) 
in human breast cancer. Oncology Reports. 
32(2): 523-529.

Shachar, I., and Haran, M. 2011. The secret 
second life of an innocent chaperone: the 
story of CD74 and B cell/chronic lymphocytic 
leukemia cell survival. Leukemia & 
Lymphoma. 52(8): 1446-1454.

Shi, X., Leng, L., Wang, T., Wang, W., Du, X., Li, 
J., McDonald, C., Chen, Z., Murphy, J.   M., 
Lolis, E., Noble, P., Knudson, W., and Bucala, 
R. 2006. CD44 is the signaling component of 
the macrophage migration inhibitory factor-
CD74 receptor complex. Immunity. 25(4): 
595- 606.

Sikora, K., and Smedley, H. 1983. Interferon and 
cancer. British Medical Journal. 286(6367): 
739-740.

Starlets, D., Gore, Y., Binsky, I., Haran, M., 
Harpaz, N., Shvidel, L., Becker Herman, S., 
Berrebi, A., and Shachar, I. 2006. Cell-surface 
CD74 initiates a signaling cascade leading 
to cell proliferation and survival. Blood. 
107(12): 4807-4816.

Stein, R., Mattes, M. J., Cardillo, T. M., Hansen, 
H. J., Chang, C. H., Burton, J., and Goldenberg, 
D. M. 2007. CD74: A new candidate target 
for the immunotherapy of B-cell neoplasms. 
Clinical Cancer Research. 13(18): 5556s- 
5563s. 

Strubin, M., Berte, C., and Mach, B. 1986. 
Alternative splicing and alternative initiation 
of translation explain the four forms of the 
Ia antigen-associated invariant chain. The 
EMBO Journal. 5(13): 3483-3488.

Tian, B., Zhang, Y., Li, N., Liu, X., and Dong, 
J. 2012. CD74: A potential novel target 
for triple-negative breast cancer. Tumour 
Biology. 33(6): 2273-2277.

Tillmann, S., Bernhagen, J., and Noels, H. 
2013. Arrest functions of the MIF ligand/
receptor axes in atherogenesis. Frontiers in 
Immunology. 4(115): 1-20.

Tsai, R. K., and Discher, D. E. 2008. Inhibition 
of “self” engulfment through deactivation of 
myosin-II at the phagocytic synapse between 
human cells. The Journal of Cell Biology. 
180(5): 989-1003.

Uno, S., Kinoshita, Y., Azuma, Y., Tsunenari, 
T., Yoshimura, Y., Iida, S., Kikuchi, Y., 
Yamada-Okabe, H., and Fukushima, N. 2007. 
Antitumour activity of a monoclonal antibody 
against CD47 in xenograft models of human 
leukemia. Oncology Reports. 17(5): 1189-
1194.

Verjans, E., Noetzel, E., Bektas, N., Schütz, 
A. K., Lue, H., Lennartz, B., Hartmann, A., 
Dahl, E., and Bernhagen, J. 2009. Dual role 
of macrophage migration inhibitory factor 
(MIF) in human breast cancer. BMC Cancer. 
9(1): 230.

Wang, Zhi-Qiang, Milne, K., Webb, J. 
R., and Watson, P. H. 2017. CD74 and 
intratumoral immune response in breast 
cancer. Oncotarget. 8(8): 12664.

Wilson, K. M., Labeta, M. O., Pawelec, G., and 
Fernandez, N. 1993. Cell-surface expression 
of human histocompatibility leucocyte antigen 
(HLA) class II-associated invariant chain 
(CD74) does not always correlate with cell-
surface expression of HLA class II molecules. 
Immunology. 79(2): 331-335.



108

The role of cluster of differentiation 74 in cancer and cancer...                                  Hussain Al Ssadh et al., 

Yaddanapudi, K., Putty, K., Rendon, B. E., 
Lamont, G. J., Faughn, J. D., Satoskar, A., 
Lasnik, A., Eaton, J.W., and Mitchell, R. 
A. 2013. Control of tumour -associated 
macrophage alternative activation by 
macrophage migration inhibitory factor.  The 
Journal of Immunology. 190(6): 2984-2993.

Yamamoto, K., Floyd-Smith, G., Francke, 
U., Koch, N., Lauer, W., Dobberstein, B., 
and Hämmerling, G. J. 1985. The gene 
encoding the Ia-associated invariant chain 
is located on chromosome 18 in the mouse. 
Immunogenetics. 21(1): 83-90.

Yaprak, M., Erdogan, G., Aricic, G., Ozcan, B., 
Mesci, A., Dınckan, A., Erdogan, O., and 
Arici, C. 2015. Prognostic value of CD74 
and HLA-DR expressions in invasive ductal 
breast cancer. Advances in Breast Cancer 
Research. 4(03): 71-76.

Zaidi, M. R., and Merlino, G. 2011. The two faces 
of interferon-γ in cancer. Clinical Cancer 
Research. 17(19): 6118-6124.

Zernecke, A., Bernhagen, J., and Weber, C. 2008. 
Macrophage migration inhibitory factor in 
cardiovascular disease. Circulation. 117(12): 
1594-1602.

Zheng, Y. X., Yang, M., Rong, T. T., Yuan, 
X. L., Ma, Y. H., Wang, Z. H., Shen, Z., 
and Cui, L. 2012. CD74 and macrophage 
migration inhibitory factor as therapeutic 
targets in gastric cancer. World Journal of 
Gastroenterology. 18(18): 2253.



109

Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.20 (1)       June 2019 (1440 H)

دور جزيئات التمايز الخلوي 74 في الأورام ال�سرطانية والتنظيم المناعي لل�سرطان
حسين محفوظ الساده)1(  و وليد بن إبراهيم العبدالمنعم)2( و نيلسون فرنانديز)1(

)1( كلية العلوم الحيوية، جامعة إيسكس، المملكة المتحدة
)2( قسم علم الأمراض، كلية الطب، جامعة القصيم، بريدة، المملكة العربية السعودية

استلام 29 مارس 2018م - قبول 12 يوليو 2018م

الملخص
تم مؤخرا التعرف على الدور التعبيري لجزيئات التمايز الخلوي )74(، حيث تم إثبات تواجدها في عدة أنواع من الخلايا السرطانية وتم 
إثبات دورها للتعرف على تكون الأورام السرطانية في جسم الإنسان. وقد أظهرت دراسة حديثة أيضا أنه قد تم التعبير عن تواجد هذه 
المؤشرات الحيوية بشكل واضح في العديد من الأورام السرطانية مثل سرطان البروستاتا والأورام اللمفاوية نوع بي وسرطان الصدر 
والمعدة. وذلك من خلال ارتباط الجزء الخارجي للمؤشر الحيوي )74( الموجود على سطح الخلية مع بروتين )إم آي إف( لتبدأ عملية 
نقل الإشارات بالخلية. بعد هذه الخطوة تبدأ سلسلة من الإشارات الحيوية المتتابعة بالخلية، ولكن الجزء الداخلي للمؤشر الحيوي )74( 
له القدرة على تثبيط السلسلة التفاعلية مبدئيا بارتباط الذيل القصير للجزء الداخلي للخلية، وهذه العملية تحتاج إلى تواجد المؤشر الحيوي 
)سي دي 44( وهو بروتين غشائي متعدد الأشكال مسؤول عن تفعيل لإنزيم الكاينيز لتتم عملية الفسفرة. وهذا العملية معقدة وتحتاج إلى 
الارتباط مع بروتين )إم آي إف( المسؤول عن تنظيم المحفزات )إي آر كي 1 و إي آر كي 2( ومن ثم بدء تنشيط عدة بروتينات مهمة في 
حالة التهاب الخلية إو إصابتها بعوامل تؤدي بها إلى الموت. فلهذا ركز هذا المقال العلمي على دور جزيئات التمايز الخلوي )74( في مناعية 

الجسم للأورام وكذلك ترابطها مع المؤشر الحيوي )44( وكذلك مع بروتين )إم آي إف(. 
الكلمات المفتاحية: الإنتيفيرون غاما، سي دي، عديد السكاريد الشحمي، عرض المستضد للخلايا، مناعية الجسم للأورام.


