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Background: Cluster of differentiation 74 (CD74) is found to be highly involved in the
development of various types of cancers and could affect the activities of infiltrated cells in
the tumor microenvironment. However, these studies only focus on a few types of immune
cells. Our study aims to comprehensively explore the role of CD74 in glioma prognosis and
immune microenvironment.

Methods: A total of 40 glioma specimens were collected in this study. We extracted data
from The Cancer Genome Atlas (TCGA), Chinese Glioma Genome Atlas (CGGA), and
Gene-Expression Omnibus (GEO) databases to explore the expression pattern of CD74 in
gliomas. gene sets enrichment analysis and gene set variation analysis analyses were
conducted to characterize the immune features of CD74. ESTIMATE, ssGSEA, Tumor
IMmune Estimation Resource, and CIBERSORT algorithms were applied to assess the
immune infiltration. Kaplan-Meier analysis was used for survival analysis. Receiver
operating characteristic analysis was used to evaluate the predictive accuracy of CD74
in glioma diagnosis and prognosis.

Results: A total of 2,399 glioma patients were included in our study. CD74 was highly
expressed in glioma tissue compared to normal brain tissue and its expression was
significantly higher in the high-grade glioma compared to the lower grade glioma at
transcriptional and translational levels. Besides, CD74 was positively associated with
immune checkpoints and inflammatory cytokines as well as immune processes including
cytokine secretion and leukocyte activation. The high expression of CD74 indicated a high
infiltration of immune cells such as macrophages, dendritic cells, and neutrophils.
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Moreover, patients with high expression of CD74 had poor prognoses. CD74 had
moderate predictive accuracy in the diagnosis of glioblastoma and prediction of survival.

Conclusions: In conclusion, our study revealed that the high expression of CD74 was
associated with poor prognosis and high immune infiltration. CD74 could be used as a
potential target for glioma treatment and as a biomarker to predict the prognosis of glioma
patients.

Keywords: CD74, glioma, prognosis, diagnosis, immune microenvironment

INTRODUCTION

Gliomas are primary tumors derived from the glial cells in the
central nervous system, which comprise about 80% of
malignant brain tumors (Goodenberger and Jenkins, 2012).
According to the World Health Organization classification,
gliomas are categorized into four grades: grade I, II, III, and IV
(Louis et al., 2016). Although great progress has been achieved
to develop novel strategies for the treatment of cancers, the
prognosis of glioma patients remains unsatisfactory. The
median survival time of patients with grade II, III gliomas
was 11.6 and 3 years, respectively, whereas that grade IV
glioma is about 15 months (Ohgaki and Kleihues, 2005;
Bleeker et al., 2012; Smoll et al., 2012; Thakkar et al., 2014).
Therefore, there is clear urgent to develop novel approaches
for the treatment of gliomas.

Several biomarkers have been found to predict the prognoses
of glioma patients with potent value. Previous studies revealed
that patients with isocitrate dehydrogenase (IDH) mutant or
1p19q codeletion glioma had relatively favorable prognoses
(Molenaar et al., 2014a; Molenaar et al., 2014b; Chen et al.,
2019). Moreover, patients with methylated O6-methylguanine-
DNA methyltransferase (MGMT) promoter gliomas benefit
much more from temozolomide and radiotherapy (Hegi et al.,
2005). Since the prognosis of glioma patients remains poor, more
biomarkers are needed to predict the survival of glioma patients.

The cluster of differentiation 74 (CD74) is a polypeptide as the
invariant chain of human lymphocyte antigen (HLA) class II. It is
highly involved in the antigen presentation and the activation of
CD4+ T cells (Cresswell, 1994). CD74 is the cell surface
membrane receptor for the cytokine macrophage migration
inhibitory factor (MIF) (Farr et al., 2020). The role of the
interaction between CD74 and MIF has been revealed in
different types of cancers (Binsky et al., 2007; Nagata et al.,
2009). The inhibition of CD74 and MIF could significantly
attenuate the tumor growth of prostate cancer cells and
melanoma mice model (Meyer-Siegler et al., 2006; Tanese
et al., 2015). In the tumor microenvironment, the inhibition of
the CD74-MIF signaling pathway could restore the antitumor
activity of macrophage and dendritic cells against melanoma
(Figueiredo et al., 2018).

Previous studies indicated that CD74 was highly expressed in
high-grade gliomas, and it was associated with the
microenvironment of glioma and could facilitate the
proliferation of glioma cells (Zeiner et al., 2015; Ghoochani
et al., 2016; Alban et al., 2020). However, these studies only

explore the association between CD74 and different subtypes of
macrophages, whereas no study has comprehensively
characterized the prognostic and immune features in gliomas.
Therefore, our study extracted 2,399 glioma samples from The
Cancer Genome Atlas (TCGA), Chinese Glioma Genome Atlas
(CGGA), and Gene-Expression Omnibus (GEO) databases to
characterize the association between CD74 and glioma prognosis
as well as immune microenvironment via the application of
various algorithms. Through the analysis based on a large
number of samples, our study would provide a novel insight
into the immune characteristics of CD74 in gliomas and reveal a
potential therapeutic target as well as a biomarker for gliomas.

METHODS

Data Extraction
RNA expression of 2,399 glioma patients with corresponding
clinical data was extracted from TCGA (https://portal.gdc.
cancer.gov/), CGGA (http://www.cgga.org.cn/), and GEO
(https://www.ncbi.nlm.nih.gov/geo/) databases. The TCGA-
LGG, TCGA-GBM, CGGA325, CGGA693, CGGA301, and
GSE108474 datasets were included in our study. TCGA-
LGG and TCGA-GBM datasets were combined and defined
as the TCGA dataset, and CGGA325 and CGGA693 datasets
were combined and defined as the CGGA dataset for further
analysis. There were 672, 1,013, 300, and 414 samples in the
TCGA, CGGA, CGGA301, and GSE108474 datasets,
respectively (Table 1). The batch effect was evaluated and
addressed using “SVA” R package. RNA expression of normal
brain tissue was obtained from Genotype-Tissue Expression
(GTEx) database, which was analyzed using GEPIA online
database (Tang et al., 2017). The TCGA and CGGA were RNA-
seq datasets whereas CGGA301 and GSE108474 were
microarray datasets. The TCGA (FPKM) dataset was
downloaded format using “TCGAbiolinks” R package.
CGGA (FPKM) and CGGA301 datasets were obtained from
the official website. The molecular subtype of gliomas was
downloaded from TCGA and CGGA databases based on
definition proposed by Verhaak et al. (2010). All expression
values were transformed into log2 (transcripts per kilobase
million (TPM)+1). The characteristics of glioma patients
included in our study were summarized in Table 1. The
gene list of immune checkpoints and inflammatory
cytokines was selected from previous studies (Wang et al.,
2019; Xu et al., 2020a).
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Glioma Specimens and
Immunohistochemistry
A total of 40 glioma specimens including 21 grade II, 8 grade III,
and 11 grade IV gliomas were collected to detect the protein level
of CD74, which was revealed by immunohistochemistry (IHC).
All the tumors were primary glioma and samples were collected
when patients first received surgery without previous
chemotherapy or radiotherapy. Our study was approved by
the Ethics Committee of Xiangya Hospital, Central South
University with written informed consent obtained. The
specimens were embedded in paraffin sections. Citrate buffer
(pH � 6.0) was applied for antigen retrieval. Then 0.3% H2O2 and
5% BSA were used for the blockade. The CD74 antibody (A9149,
ABclonal, 1:100) was applied at 4 centigrade overnight. After the
application of secondary antibody, diaminobenzidine
tetrahydrochloride (DAB) and hematoxylin were used for
staining. The score of CD74 expression was calculated by
intensity score * quantity score. As for intensity scores, 0, 1, 2,
and three represented negative, weak, moderate, and strong,
respectively. The quantity score was determined by the
proportion of stained cells, in which 0, 1, 2, 3, and four
represented <10%, 10–25%, 25–50%, 50–75%, >75%,
respectively. For different scores, 1–4, 5-8, and 9–12 indicated
“+“, “++“, and “+++“, respectively.

Bioinformatic Analyses
The expression of CD74 in glioma and normal tissue was
compared on the GEPIA website, which contained gene
expression data of TCGA and GTEx databases (Tang et al.,
2017). The gene set variation analysis (GSVA) enrichment
analysis was performed to show the biological processes using
the “GSVA” R package (Hänzelmann et al., 2013). The co-
expressed genes were screened based on the “spearman”
method. Genes with |r|>0.5 and p < 0.001 were selected. The
gene sets enrichment analysis (GSEA) enrichment analysis was
conducted using “clusterProfiler” R package in Gene Ontology
(GO) terms and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways. During the GSEA enrichment analysis, the
value of “r” was defined as the log2 (fold change) and the p-value
was defined as the false discovery rate (FDR). The infiltration of
stromal and immune cells and tumor purity were assessed by
Estimation of STromal and Immune cells in MAlignant Tumor
tissues using Expression data (ESTIMATE) algorithm using
“estimate” R package (Yoshihara et al., 2013). The estimation of
immune cell infiltration was conducted by the single-sample gene-
set enrichment analysis (ssGSEA), Tumor IMmune Estimation
Resource (TIMER), and CIBERSORT algorithms, in which
ssGSEA contained 28 immune cells, the TIMER contained six
immune cells, andCIBERSORT contained 22 immune cells (Barbie
et al., 2009; Newman et al., 2015; Li et al., 2020). A transcription

TABLE 1 | Characteristics of patients included in our study.

TCGA (n = 672) CGGA (n = 1,013) CGGA301 (n = 300) GSE108474 (n = 414)

Age
≤41 290 469 144 —

>41 382 543 154 —

NA 0 1 2 —

Gender
Male 387 597 179 —

Female 285 416 121 —

Subtype
Classical 83 — 23 —

Mesenchymal 98 — 111 —

Proneural 242 — 86 —

Neural 112 — 80 —

NA 137 — 0 —

Grade
I 0 0 0 2
II 256 290 116 86
III 265 333 57 82
IV 150 385 124 124
NA 1 5 3 120

IDH status
Mutant 434 528 133 —

Wildtype 228 434 165 —

NA 10 51 2 —

MGMT
Methylated 478 469 98 —

Unmethylated 157 374 187 —

NA 37 170 15 —

1p/19q status
Codel 171 212 16 —

Non-codel 497 728 76 —

NA 4 73 208 —

IDH: isocitrate dehydrogenase; MGMT: O-6-methylguanine-DNA methyltransferase.
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factor (TF) - target gene interaction mapping analysis was
conducted using ARACNE algorithm (Margolin et al., 2006).

Statistical Analysis
All data were analyzed and visualized using R version 3.6.0 (https://
www.r-project.org/) and GraphPad Prism version 8.0.1. Shapiro-
Wilk test was used to assess the normality of data. The comparison
of the difference between the two groups was conducted using
Student’s t-test and Wilcoxon test. The one-way ANOVA test and
Kruskal-Wallis test were used to compare the difference between
three or more groups. Kaplan-Meier analysis was used to compare

the survival time of patients in two groups. Multivariate Cox
analysis was conducted to evaluate the prognostic value of
CD74 in the overall survival (OS) of glioma patients in
consideration of various clinical features. Receiver operating
characteristic (ROC) analysis was conducted to evaluate the
predictive accuracy of CD74 in the classification of glioblastoma
(GBM). Time-dependent ROC analysis was adopted to assess the
predictive accuracy of CD74 in the survival of glioma patients. The
correlation between CD74 and other gene expressions was
determined by the “spearman” method. The Two-sided p-value
< 0.05 was considered statistically significant.

FIGURE 1 | Expression of CD74 was associated with glioma malignancies. (A) Expression of CD74 in glioma and normal brain tissues. The red and grey box
represented tumor and normal tissues, respectively. B-E. CD74 expression in different grades (B), IDH status (C), 1p19q status (D), and MGMT status (E) of gliomas. F.
Expression of CD74 in different molecular subtypes of glioma. G Immunohistochemistry staining of CD74 in glioma and normal brain tissues. Data were represented as
mean ± standard deviation by dot plot. IDH: isocitrate dehydrogenase; MGMT: O6-methylguanine-DNA methyltransferase. *, p < 0.05; ***, p < 0.001; ****, p < 0.0001;
ns, no significance.
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RESULTS

High Expression of CD74 Was Associated
With Glioma Malignancies
To characterize the role of CD74 in gliomas, we explored the
expression pattern of CD74 in gliomas and normal tissue. In both
lower-grade glioma (LGG) and GBM, the expression of CD74 was

significantly higher compared to the normal tissue (p < 0.05)
(Figure 1A). Shapiro-Wilk test indicated that the expression of
CD74 in each dataset did not all follow normal distribution.
Therefore, Kruskal-Wallis test revealed that the expression of
CD74 was significantly elevated in grade IV glioma compared
with grade II and III gliomas in the TCGA, CGGA, CGGA301, and
GSE108474 datasets (p < 0.05) (Figure 1B). In grade II and III
gliomas, CD74 had a distinct expression pattern in TCGA, CGGA,
and CGGA301 datasets but not in GSE108474 dataset (Figure 1B).
In different subtypes of glioma, the expression of CD74 was
significantly higher in the IDH wildtype and 1p19q non-
codeletion gliomas (p < 0.05) (Figures 1C,D). As for MGMT
methylation, CD74 was highly expressed in unmethylated gliomas
than methylated gliomas in TCGA and CGGA datasets (p < 0.05),
whereas this trend was not detected in the CGGA301 dataset (p >

FIGURE 2 | Immunohistochemistry of CD74 in different grades of gliomas.

TABLE 2 | IHC score of CD74 in different grades of gliomas.

+ ++ +++ p Value

Grade II 14 5 2 <0.001
Grade III 1 5 2
Grade IV 2 1 8
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FIGURE 3 | Correlation between CD74 and immune checkpoints and inflammatory cytokines. A-D. Correlation between CD74 and immune checkpoints in TCGA
(A), CGGA (B), CGGA301 (C), and GSE108474 (D) datasets. E-H. Correlation between CD74 and inflammatory cytokines in TCGA (E), CGGA (F), CGGA301 (G), and
GSE108474 (H) datasets. Blue and red represented positive and negative correlation, respectively.
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0.05) (Figure 1E). Besides, in different molecular subtypes of
gliomas, the expression of CD74 had no significant difference
between neural and proneural gliomas (p > 0.05) but was
significantly increased in the mesenchymal subtype compared
with other subtypes of glioma (p < 0.05) (Figure 1F). Since

IDH mutation, MGMT methylation, and 1p19q codeletion
indicated high malignancies and poor prognosis, the expression
of CD74might be associated with gliomamalignancies. Apart from
the RNA level, we also investigated the expression of CD74 at the
protein level in different grades of gliomas. The IHC showed that

FIGURE 4 | Enrichment analysis of co-expressed genes of CD74. A-H. GSEA enrichment analysis of co-expressed genes of CD74 in GO and KEGG terms in the
TCGA (A, B), CGGA (C, D), CGGA301 (E, F), and GSE108474 (G, H) datasets. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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the expression of CD74 was higher in the higher grade of
glioma and was highest in grade IV glioma specimens
(Figure 2; Table 2). These results indicated that CD74 was
associated with glioma malignancies and might be used as a
potential biomarker.

Expression of CD74 Correlated With
Immune-Related Genes and Immune
Processes
To further explore the characteristics of CD74, we assessed the
correlation between CD74 and immune-related genes such as
immune checkpoints and inflammatory cytokines. The gene
list of immune checkpoints and inflammatory cytokines was
selected from previous studies (Wang et al., 2019; Xu et al.,

2020a). Results showed that CD74 was positively associated
with the expression of immune checkpoints such as PD-1, PD-
L1, IDO1, and B7H3 in TCGA, CGGA, and CGGA301 datasets
(Figures 3A–C). The expression of CD74 was notably
associated with the expression of T cell immunoglobulin
domain and mucin domain-3 (TIM-3), which could lead to
the suppression of T cells (Figure 3D) (Blackburn et al., 2009).
Moreover, CD74 was positively correlated with the expression
of inflammatory cytokines such as IL-6, IL-10, and CCL2 in the
TCGA, CGGA, CGGA301, and GSE108474 datasets (Figures
3E–H). Then, we screened the co-expressed genes of CD74
with the cutoff point of |r|>0.5 and p < 0.001 to further
characterize the role of CD74. Enrichment analysis revealed
that the co-expressed genes were enriched in cytokine
secretion, immune cell mediated cytotoxicity, and

FIGURE 5 | Association between CD74 expression and immune processes. A-D. GSVA analyses revealed the association between the enrichment of immune
processes and CD74 expression in the TCGA (A), CGGA (B), CGGA301 (C), and GSE108474 (D) datasets. Red and blue represented relatively high and low
involvement in each pathway.
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inflammatory response to antigenic stimulation in GO
biological processes; as for in KEGG pathway, they were
highly involved in antigen processing and presentation, Th1
and Th2 cell differentiation, natural killer cell mediated
cytotoxicity, and autoimmune diseases such as rheumatoid
arthritis and systemic lupus erythematosus (Figures 4A–H).
Meanwhile, ARACNE algorithm was conducted to screening
co-expressed genes of CD74 that were controlled by the
distinct transcriptional factors, in which immune-associated
genes such as IL6R, IFI16, and IFIT1B were included
(Supplementary Table S1) (Supplementary Figure S1).
Multivariate Cox analysis revealed that genes such as
PILRA, LILRB2, and BATF were independent prognostic
factors for glioma patients (Supplementary Table S2).
Additionally, we conducted GSVA analysis to explore the
association between CD74 expression and the enrichment of
immune processes, which indicated that the higher expression
of CD74 indicated a higher enrichment of cytokine
production, lymphocyte activation, interferon related
signaling pathway, and leukocyte differentiation (Figures
5A–D). These results demonstrated that CD74 was closely
associated with immune-related genes and immune processes,
indicating the immune characteristics of CD74 in gliomas.

CD74 expression indicated low tumor purity
and high infiltration of immune cells in the
glioma microenvironment.
Further, we employed the ESTIMATE, ssGSEA, and TIMER
algorithms to further characterize the immune features of CD74.
The stromal and immune scores of each sample were calculated
based on their gene expression pattern. The expression of CD74 was
significantly positively associatedwith stromal and immune scores of
gliomas (p < 0.05) (Figures 6A,B). The ESTIMATE score was
calculated as the sum of the stromal and immune scores, which
was also positively correlated with the expression of CD74 (p < 0.05)
(Figure 6C). The tumor purity was calculated based on the
ESTIMATE score. CD74 was highly expressed in the low-purity
tumor, which indicated a relatively high proportion of stromal and
immune cells (p < 0.05) (Figure 6D). Besides, the higher expression
of CD74 indicated a higher abundance of infiltrated immune cells
according to the ssGSEA algorithm (Figures 7A–D). In CD74 high
group, the abundance of macrophages, activated dendritic cells, and
neutrophils was significantly increased than CD74 low group (p <
0.05) (Supplementary Figure S2). In the TIMER algorithm, the
abundance of macrophage, dendritic cell, and neutrophil was
markedly correlated with CD74 expression (p < 0.05) (Figures

FIGURE 6 | Correlation between CD74 expression and tumor purity. A-D. Tumor purity was assessed by ESTIMATE algorithm. The correlation between CD74
expression and stromal score (A), immune score (B), ESTIMATE score (C), and tumor purity (D) in the four datasets.
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7E–H). These findings were further verified by the CIBERSORT
algorithm, which indicated a higher abundance of activated dendritic
cells, macrophages and neutrophils (p < 0.05) (Supplementary

Figure S3). These results suggested that CD74 correlated with
the infiltration of immune cells such as macrophages, dendritic
cells, and neutrophils in the glioma microenvironment.

FIGURE 7 | Correlation between CD74 expression and immune infiltration. (A–D) The correlation between CD74 expression and immune infiltration estimated by
the ssGSEA algorithm. (E–H) The correlation between CD74 expression and immune infiltration estimated by the TIMER algorithm.
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Prognostic and Predictive Values of CD74 in
Gliomas
Apart from the immune features, CD74 also exhibited prognostic
and predictive values in the OS of glioma patients. Kaplan-Meier
analysis revealed that the high expression of CD74 indicated poor
prognosis in patients with gliomas and LGG (p < 0.05) (Figures
8A,B). While in patients with GBM, this finding was consistent in

TCGA and CGGA datasets (p < 0.05), and no significant
difference was detected in CGGA301 and GSE108474 datasets
(p > 0.05) (Figure 8C). Multivariate Cox analysis showed that
CD74 and tumor grade were independent risk factors for glioma
patients in TCGA, CGGA, and GSE108474 datasets (p < 0.05)
whereas no significant difference was detected in the CGGA301
cohort (p > 0.05) (Table 3). Besides, tumor grade was the

FIGURE 8 | Prognostic and predictive values of CD74 in gliomas. A-C. Kaplan-Meier analysis of CD74 expression in the overall survival of patients with gliomas (A),
lower-grade gliomas (B), and glioblastoma (C). D. Patients were divided into glioblastoma and lower-grade glioma groups. ROC analysis was conducted to evaluate the
predictive accuracy of CD74 expression for the diagnosis of glioblastoma. E. ROC analysis of CD74 expression in predicting one-, three, and 5-year overall survival of
glioma patients. ROC: receiver operating characteristic.
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independent risk factor for glioma patients in the four cohorts
(p < 0.05). Then we applied CD74 as the potential biomarker to
facilitate the diagnosis of GBM, results showed that CD74 had
moderate predictive accuracy with the area under the curve
(AUC) of 0.808, 0.681, 0.676, and 0.622 in TCGA, CGGA,
CGGA301, and GSE108474 datasets, respectively (p < 0.05)
(Figure 8D). Moreover, CD74 exhibited moderate accuracy in
predicting the OS of glioma patients. The AUC of one-, three-,
and 5 year survival was 0.754, 0.758, and 0.731, respectively in
the TCGA dataset; that in the CGGA cohort was 0.637, 0.698,
and 0.713, respectively; that in CGGA301 dataset was 0.547,
0.645, and 0.655, respectively; that in GSE108474 dataset was
0.554, 0.612, and 0.641, respectively (Figure 8E). These results
indicated that CD74 could serve as a biomarker to predict the
prognosis and facilitate the diagnosis of gliomas.

DISCUSSION

Given the fact that glioma patients suffer from poor prognosis
and limited therapies, there is a clear urgent need to find novel
biomarkers and develop therapeutic strategies. Our study
revealed that CD74 was highly expressed in the high-grade
glioma and correlated with poor prognosis of glioma patients.
Besides, CD74 was positively associated with immune infiltration
in the glioma immunemicroenvironment. These results indicated
that CD74 could be used as a potential target for the treatment of
glioma and as a novel biomarker to predict prognoses of glioma
patients.

Previous studies revealed that CD74 was associated with
glioma malignancy and activity of glioma-associated
macrophages (Zeiner et al., 2015; Ghoochani et al., 2016;
Alban et al., 2020). Our study collected 40 glioma specimens
and extracted 2,399 glioma samples from the online databases to
explore the expression pattern of CD74 in gliomas. The high
expression of CD74 was significantly higher in glioma tissue
compared to the normal tissue. CD74 was highly expressed in
grade IV, IDH wildtype, 1p19q non-codeletion, and MGMT
unmethylated gliomas. Moreover, CD74 was highly expressed
in the mesenchymal subtype, which was the most malignant
molecular subtype of glioma (Wang et al., 2021). Besides, the
protein level of CD74 was markedly elevated in the higher-grade
glioma. These results indicated that the high expression of CD74
was associated with a relatively malignant type of glioma.

Therefore, CD74 might serve as a biomarker to predict the
malignancy of glioma.

As a pivotal component in antigen presentation, CD74 was
assumed to have an impact on immune responses and immune
infiltrations. A previous study suggested that CD74 was
associated with poor prognosis and high tumor-infiltrating
leucocyte in breast cancer, which was consistent with our
finding (Wang et al., 2017). Our study found that the
expression of CD74 was positively associated with the
expression of immune checkpoints and inflammatory
cytokines. Then, we screened the co-expressed genes of CD74
to further characterize the immune feature of CD74 in gliomas.
The GSEA and GSVA analyses showed that the positively co-
expressed genes of CD74 were enriched in immune responses and
autoimmune diseases. These results preliminarily demonstrated
the immune characteristics of CD74 in gliomas. However, it
should be noted that these algorithms were conducted based
on the expression of pathway-related genes, which could not
determine the actual status of these immune processes in different
samples. Additional experiments were needed to explore the
regulatory effect of CD74 on specific immune processes.

Immune microenvironment was implicated to play an
important role in cancer progression (Quail and Joyce, 2017;
Zhang et al., 2020a; Zhang et al., 2020b; Wang et al., 2020). CD74
was the receptor of MIF and the CD74-MIF signaling pathway
regulated the activity of macrophages and other immune cells
(Borghese and Clanchy, 2011; Figueiredo et al., 2018). Therefore,
we also explored the correlation between CD74 and the
abundance of infiltrated immune cells. The tumor purity of
each glioma sample was calculated based on the ESTIMATE
algorithm. Since the high immune infiltration indicated low
tumor purity, the negative correlation between CD74 and
tumor purity suggested that high expression of CD74 was
associated with high immune infiltration. With the application
of two algorithms, we found that CD74 was markedly positively
associated with the infiltration of immune cells such as
macrophages, dendritic cells, and neutrophils. Previous studies
indicated that macrophages in tumor microenvironment
commonly referred to M2 subtype, which exhibited pro-
tumoral effects and induced immunosuppressive context
(Najafi et al., 2019; Xu et al., 2020b). Moreover, high densities
of infiltrating neutrophils were associated with advanced stages of
cancers including glioma (Shaul and Fridlender, 2019).
Additionally, Zhang et al. (2017) revealed that tumor purity

TABLE 3 | Multivariate analysis of CD74 and clinical features in four datasets.

Variables TCGA (n = 672) CGGA (n = 1,013) CGGA301 (n = 300) GSE108474 (n = 414)

HR (95%CI) p Value HR (95%CI) p Value HR (95%CI) p Value HR (95%CI) p Value

CD74 1.177 (1.045–1.326) 0.007 1.070 (1.019–1.121) 0.018 1.147 (0.896–1.468) 0.277 2.253 (1.219–4.164) 0.010
Age 1.040 (1.028–1.053) <0.001 1.007 (1–1.015) 0.046 1.025 (0.987–1.064) 0.201 — —

Grade 1.885 (1.447–2.456) <0.001 2.149 (1.854–2.491) <0.001 2.275 (1.473–3.514) <0.001 1.602 (1.359–1.889) <0.001
IDH 2.043 (1.277–3.27) 0.003 1.164 (0.927–1.46) 0.191 0.601 (0.245–1.475) 0.266 — —

1p19q 1.614 (0.944–2.762) 0.080 2.574 (1.845–3.592) <0.001 4.13 (1.352–12.611) 0.013 — —

MGMT 1.321 (0.941–1.854) 0.108 1.122 (0.932–1.35) 0.223 2.365 (1.174–4.767) 0.016 — —

HR: hazard ratio; IDH: isocitrate dehydrogenases; MGMT: O-6-methylguanine-DNA methyltransferase.
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was lowest in grade IV glioma and highest in grade II glioma, and
the low tumor purity indicated a high enrichment of
macrophages, activated dendritic cells, and neutrophils (Zhang
et al., 2017). Therefore, the infiltration of macrophages, dendritic
cells, and neutrophils indicated high malignancy of glioma, which
was consistent with our findings that CD74 was positively
associated with the malignancy of glioma and the infiltration
of macrophages, dendritic cells, and neutrophils. However, it
should be noted that the infiltration of immune cells was assessed
using different algorithms. These algorithms were conducted
based on the expression of genes that were associated with the
activity of related immune cells. Therefore, it was hard to
determine the exact population of immune cells in different
samples. However, through this large-scale analysis, the
immune characteristics of CD74 were preliminarily
demonstrated, which could provide a reference for further
investigation of the regulatory association between CD74 and
immune cells.

The low tumor purity has been implicated to be associated
with poor prognosis in glioma patients (Zhang et al., 2017; Xu
et al., 2021; Zhang et al., 2021; Kang et al., 2021). Since high
expression of CD74 indicated low tumor purity, we further
explored the clinical significance of CD74 in glioma patients.
In glioma and LGG patients, CD74 was significantly associated
with survival rates. However, the finding was diverse in GBM
patients. This might be due to the intense malignancy of GBM
and the single biomarker had a limited ability to stratify the
survival of GBM patients. Moreover, multivariate analyses
indicated that CD74 was an independent risk factor for
glioma patients in the TCGA, CGGA, and GSE108474
datasets, but not in the CGGA301 dataset. Since we
included the status of IDH, 1p19q, and MGMT in
multivariate analyses, the number of samples that had
complete information in the CGGA301 dataset was
relatively limited as shown in Table 1, which might lead to
the discrepancy of the results in the CGGA301 dataset
compared with other datasets. Additionally, CD74 exhibited
moderate predictive accuracy in the diagnosis of GBM and the
prognosis of glioma patients. Compared with integrated
signature, the predictive accuracy of CD74 was relatively
low. Cheng et al. constructed a risk signature based on the
expression of eight immune-related genes, which could predict
the prognosis and the efficacy of chemoradiotherapy in GBM
patients (Cheng et al., 2016). Similarly, Zuo et al. (2019)
reported a six-gene signature that could predict the OS and
therapeutic responses of GBM patients (Zuo et al., 2019). The
AUC value of their constructed signatures in predicting long-
term survival was higher than that of our study. Therefore, the
predictive value of a single biomarker was limited. However,
CD74 still had some merits in predicting the diagnosis and
prognosis of gliomas and could be used as a potential target for
glioma treatment.

However, additional experiments would help provide a
better understanding of the underlying mechanism of CD74

in the development and progression of gliomas. Although
CD74 was proven to be associated with several immune
processes, the effect of CD74 on specific immune cells
required further investigation.

CONCLUSION

To sum up, we conducted a large-scale analysis to characterize the
immune and clinical features of CD74 in gliomas. The high
expression of CD74 was associated with poor prognosis and
high immune infiltration. CD74 could be used as a potential
target for glioma treatment and as a biomarker to predict the
prognosis of glioma patients.
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