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Glioma represents the most common primary tumor 
in the central nervous system (CNS). Along with the in-
creased incidence of brain tumors, there was a 194% in-
crease in brain tumor-related mortality in China in 2008 
compared with that of the 1970s [1]. Malignant glioma, 
as the main pathological subtype of brain tumor, often 
leads to a fatal outcome because of its invasive nature and 
resistance to currently available treatments, posing great 
challenges to public health. 

For the past century, the classification and pathologi-
cal diagnosis of glioma has been primarily based on mi-
croscopic morphology, including analysis of hematoxylin 
and eosin-stained slides, immunohistochemical staining, 
and ultrastructural features, when compared with the 
putative cells of histogenesis and their presumed differ-
entiation. According to the World Health Organization 
(WHO) classification of CNS tumors (2007 edition), gli-
oma can be divided into four grades: Grade I (benign), 
Grade II (low malignant potential), Grade III (malignan-
cy), and Grade IV (high-grade malignancy). The last two 
decades of molecular research have provided valuable 
and encouraging information about tumorigenesis. Along 

with the development and accumulation of molecular 
pathological data, it is now possible to define different 
entities of glioma, and other brain tumors, by integrating 
both histological and molecular parameters, as introduced 
in the updated WHO Classification of CNS tumors (2016 
edition) [2]. In this new classification, the diffuse gliomas 
include astrocytic tumors (Grades II & III), oligodendro-
gliomas (Grades II & III), glioblastoma (Grade IV), as well 
as diffuse glioma in children, presenting the molecular 
phenotypes of the IDH-mutant, IDH-wild type, and NOS 
categories. Other astrocytomas with distinct genetic fea-
tures usually show a circumscribed tumor margin, lack 
IDH gene alterations, and bear the frequent BRAF gene 
alterations (seen in pilocytic astrocytoma, pleomorphic 
xanthastrocytoma) and the TSC1/TSC2 mutation (seen 
in subependymal giant cellastrocytoma), etc. The previ-
ous astrocytoma entities protoplasmic astrocytoma and 
fabrillary astrocytoma were abandoned because of their 
overlapping genetic characteristics. The entity “glioma-
tosis cerebri” has also been removed, which has been 
considered as one of the most widespread invasive tumor 
growth patterns consistently observed in many diffuse 
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astrocytomas. Glioblastoma can be divided into glio-
blastoma with the IDH-wild type (de novo variant) and 
glioblastoma with the IDH-mutant (secondary variant). 
Furthermore, the diagnosis of oligodendroglioma and 
anaplastic oligodendroglioma now requires screening for 
IDH mutation and 1p/19q co-deletion. In ependymoma 
and anaplastic ependymoma, only one genetic subtype 
was accepted: RELA fusion-positive subtype. 

There are several intracellular signaling pathways of 
focus in glioma research, because of their important roles 
in glioma cell growth and maintenance of malignancy, 
including the receptor tyrosine kinase/Ras/phosphati-
dylinositol 3-kinase pathway, TP53 pathway, and RB 
pathway [3]. In the angiogenesis of gliomas, the related 
signaling pathways include upregulation of angiopoietin-
2 (ANG-2)/tyrosine kinase with immunoglobulin-like 
and epidermal growth factor homology (TIE-2), promo-
tion of vessel disruption, followed by vascular endothe-
lial growth factor (VEGF) binding to the VEGF receptor 
(VEGFR), which activates intracellular signaling cascades 
transduced by the RAS/MAPK and PI3K/AKT pathways, 
leading to enhanced proliferation of endothelial cells. 
This detailed information of signaling pathways has now 
made it possible to select and design molecular targeted 
therapy of gliomas. 

In general, the molecular pathology of gliomas has 
progressed considerably within the last two decades, 
highlighting the bright future of the application of mo-
lecular technology in clinical and experimental research 
on gliomas. It is reasonable to hope that the integration of 
histopathological and molecular parameters in glioma di-
agnosis and classification may help to reveal more infor-
mation of the biology of human gliomas and the impact 
on molecular targeted therapy; meanwhile, this progress 
is expected to motivate and inspire a new generation of 
investigators in this field.
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Gliomas represent the largest group (accounting for 
about 40%) of primary central nervous system (CNS) 
tumors, representing approximately 2% of all systemic 
tumors in adults. According to the World Health Orga-
nization (WHO) CNS tumor classification (2007), gliomas 
can currently be classified into distinct subtypes, mainly: 
pilocytic astrocytoma, diffuse glioma (astrocytoma, oli-
godendroglioma, ependymoma), anaplastic gliomas, and 
glioblastoma (GBM), based on their clinical, histopatho-
logical, and molecular characteristics. The grading system 
of CNS tumors is also stratified according to their bio-
logical behavior, from Grade I to IV. For example, Grade 
I refers to benign biological behavior, and Grades II, III, 
and IV denote behavior with malignant potential, ma-
lignancy, and high-grade malignancy, respectively. The 
gliomas (Grades II–IV) all show malignant biological be-
havior, and are therefore commonly known as malignant 
gliomas [1–3]. 

Although consistent efforts are focused on understand-
ing the pathogenesis, progression, and therapeutics of ma-
lignant gliomas, these factors pose significant challenges 
to clinicians. However, recent understanding of CNS 

tumors has been revolutionized by a series of genomic 
studies [4–5]. For example, mutations in the isocitrate de-
hydrogenase (IDH1/2) gene are thought to occur early in 
gliomagenesis and are associated with tumor progression; 
although these mutations are found in 70–80% of Grade 
II and III gliomas and secondary GBMs, they rarely occur 
in primary GBM [6–7]. Loss-of-expression mutations of the 
alpha-thalassemia/mental retardation syndrome X-linked 
(ATRX) gene has a similar distribution pattern in glio-
mas as the IDH mutations, which possibly lead to a better 
prognosis [8]. Malignant gliomas bearing the 1p and 19q 
co-deletion are associated with longer survival, however, 
a glioma of the same grade but without such genetic al-
teration could not be differentiated histopathologically 
[9]. The expression of FOXG1 is notably higher in glioma 
tissues than in the control brain tissues, and is positively 
correlated with histological malignancy [10]. In addition, 
the O6-methylguanine-DNA methyltransferase methyla-
tion, v-RAF murine sarcoma viral oncogene homolog B1 
(BRAF) alterations, and TP53 mutation were commonly 
found in low-grade astrocytomas. Mutations of telomer-
ase reverse transcriptase (TERT) have been found in ma-
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The epidermal growth factor receptor (EGFR) is a member of the ErbB/EGFR family, including EGFR/Her1, 
ErbB2/Her2, ErbB-3/Her3, and ErbB-4/Her4. EGFR exerts its effects through the receptor tyrosine kinase 
phosphorylation and activation of important downstream signaling pathways in normal and neoplastic cells, 
mainly the Ras GTPase/MAP kinase (MAPK), STAT3, and phosphatidylinositide 3 kinase-AKT pathways. 
EGFR deregulation is common in malignant glioma, especially primary glioblastoma, and exists in three 
forms: gene overexpression (amplification), autocrine effects of EGFR activation, and activating receptor 
mutation (EGFRvIII). However, some EGFR abnormalities have also been found in low-grade gliomas, 
including the nuclear localization of EGFR, expression in the microfoci of anaplastic transformation, and 
association with neovascularization in the mesenchyma of the glioma, which suggests that some unknown 
EGFR-related mechanisms are possibly responsible for its central role in the initiation and progression of 
malignant glioma. Uncovering these mechanisms will have potential value in the development of radio-
therapy, chemotherapy, and EGFR-targeted therapy for glioma.
Key words:  epidermal growth factor receptor (EGFR); molecular pathways; malignant glioma 
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jority of the primary GBMs, but are less common in low-
er-grade gliomas and secondary GBMs [11–12]. Epidermal 
growth factor receptor (EGFR) variant III (EGFRvIII) was 
found in 20–30% of the GBMs [13]. As described above, 
identification of a series of driver mutations in gliomas 
has broadened our understanding of the field, thus, help-
ing to better assess the prognosis of patients, revealing 
new insights into gliomagenesis, and establishing possible 
and specific strategies for molecular-targeted treatment 
in future.  

EGFR (ErbB-1; HER1 in humans) is the cell-surface 
receptor for members of the epidermal growth factor 
(EGF) family. The EGFR gene is located at chromosome 
7p11.2, encoding 1186 amino acid residues with a molec-
ular weight of 170 KDa. EGFR belongs to the ErbB family 
of receptors, along with three related receptor tyrosine 
kinases: HER2/c-neu (ErbB-2), Her3 (ErbB-3), and Her4 
(ErbB-4) [14–15]. EGFR is activated by binding of its main 
ligands, EGF and transforming growth factor-α (TGFα), 
as well as with some other ligands, including amphiregu-
lin, epigen, heparin-binding EGF-like growth factor, epi-
regulin, and betacellulin. The ligand binding results in an 
active dimeric conformation of EGFR (homodimeriza-
tion/heterodimerization). Subsequently, the catalytic in-
tracellular domain is activated by phosphorylation of ty-
rosine residues, and proteins containing an Src homology 
domain 2 (SH2) region recognize the tyrosine phosphate 
residues and bind directly to the activated receptor. Such 
proteins then become activated and transfer the signal to 
downstream effectors [16] through the Ras GTPase/MAP 
kinase (MAPK), STAT3, and phosphatidylinositide 3 ki-
nase (PI3K)-AKT pathways (Fig. 1 ) [17]. 

Along with the activation of these molecular path-
ways, DNA synthesis and cell proliferation are initiated, 
and receptor tyrosine phosphorylation also simultaneous-
ly initiates the recruitment of ubiquitin ligases as a nega-

tive regulatory mechanism [18]. Since the essential role of 
EGFR in epithelial development was discovered, muta-
tions leading to EGFR over-expression have been associ-
ated with a number of neoplasms, including lung cancer, 
anal cancer, breast cancer, and GBM. Somatic mutations 
of EGFR usually result in constant activation, leading to 
uncontrolled cell division. Mutations, amplifications, or 
misregulations of EGFR or family members are detected 
in about 30% of all human epithelial cancers. 

There are three main mechanisms of the deregulation 
of EGFR. The first mechanism is EGFR overexpression, 
and increased EGFR abundance is found in primary GBM 
through gene amplification and/or increased translation 
of this gene. Amplification of the EGFR gene has been re-
ported in 40–70% of primary GBMs [19–20], implicating its 
possible role in driving gliomagenesis in primary GBMs, 
although some cases of GBM with EGFR overexpression 
without amplification have been reported [21]. The second 
mechanism of EGFR deregulation is an autocrine mecha-
nism. EGFR overexpression is sometimes accompanied 
with an increased abundance of its cognate ligands such 
as EGF and TGF-α, forming uncontrolled autocrine cy-
cles, resulting in long-lasting EGFR signal activation [22]. 
The third mechanism is through activating receptor mu-
tations. Among these, 20–30% of primary GBMs express 
a variant mutation form of EGFR, EGFRvIII, due to the 
deletion of exons 2–7, which results in a constitutively 
active receptor that is unable to bind to a ligand and leads 
to continuous activation of cell growth and anti-apoptotic 
pathways [13]. Activation of EGFR in gliomas also occurs 
through gain-of-function mutations and via double min-
ute chromosomes [23]. One study also demonstrated that a 
cell line stably expressing EGFRvIII and EGFL858R dis-
played decreased growth and migration ability compared 
with wild type EGFR-expressing cells, suggesting that 
there are distinct functional differences between differ-

Fig.  1  Examples of modularity in the EGFR-driven 
signaling system 
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ent EGFR mutation forms. The functional differences be-
tween different mutations highlight the necessity for the 
development of mutation-specific targeted therapies [24]. 
The Cancer Genome Atlas consortium identified EGFR 
as the fourth most highly mutated gene based on the re-
sults from a cohort of 91 GBM cases [25]. The mutation 
forms of EGFR may occur at the extracellular domains 
(EGFRvI and EGFRvII) and/or at the intra-cytoplasmic 
tail of the receptor (EGFRvIV, EGFRvV) [26–30]. The most 
frequent EGFRvIII mutation form is mainly observed in 
GBMs, with a much lower incidence in non-small cell 
carcinoma and other human cancers [30–32]. The oncogenic 
mechanism of EGFR mutant forms involves a series of 
signaling networks. For example, defects in receptor in-
ternalization result in its constitutive localization to the 
plasma membrane and sustained unattenuated signals [33]; 
phosphorylation of EGFRvIII induces a stable increase 
in the phosphorylation level that is distinct from that in 
the wild type EGFR [34]; activation of the PI3K pathway, 
which is negatively regulated by phosphoinositide phos-
phatases, including Src homology 2 domain-containing 
inositol phosphatases (SHIP-1 and -2); through the Erk1/
Erk2 MAPK pathway by receptor dimerization, EGFR 
transphosphorylation, and activation, which are trig-
gered by Grb2 binding directly to the receptor at residue 
Y1068 and indirectly through Src homology domain-con-
taining adaptor protein C binding at residues Y1173 and 
Y1148 of the EGFRvIII mutant [35]; or through the signal 
transducer and activator of transcription (STAT) path-
way. STAT proteins are a family of latent transcription 
factors that are recruited to ligand-bound EGFR dimers 
in combination with SH2 domains. The kinase domain 
of EGFR may phosphorylate the STATs, inducing their 
homo- or heterodimers, via SH2-phosphotyrosine inter-
actions [36–37] and exert biological effects by colocalization 
of EGFRvIII and STAT3 in the nucleus of glioma cells [38]. 
Considering the important role of EGFR and related mo-
lecular pathways, the possibility of a new molecular clas-
sification of gliomas based on EGFR and platelet-derived 
growth factor receptor A (PDGFRA) expression has been 
recently explored [39]. EGFR-related molecular pathways 
are considered to play a key role in the poor prognosis of 
gliomas. Gene coexpression modules around EGFR (EM, 
29 genes) or PDGFRA (PM, 40 genes) in 1369 adult dif-
fuse gliomas (WHO Grades II–IV) were examined. Based 
on the EM and PM expression signatures, three subtypes 
were categorized: EM, PM, and EM (low) PM (low) glio-
mas, in a morphology-independent manner. Besides their 
distinct patterns of genomic alterations, EM gliomas 
were found to be associated with old age, poor progno-
sis, and strong expression of neural stem cell and astro-
genesis genes. The EM/PM-based molecular classification 
scheme is applicable to adult low-grade and high-grade 
diffuse gliomas, and outperforms existing classification 

schemes in assigning diffuse gliomas to subtypes with dis-
tinct transcriptomic and genomic profiles. This EM/PM-
based molecular classification provides a new molecular 
diagnostic framework to improve our current knowledge 
on the biology of malignant glioma. 

It is generally recognized that EGFR abnormality is 
seldom found in low-grade gliomas; however, these have 
nevertheless been reported in several studies. In a group 
of 145 glioma cases, including pilocytic astrocytoma, as-
trocyma, anaplastic astrocytoma, and GBM cases, Carval-
ho et al [40] demonstrated EGFR overexpression and EGFR 
amplification in 50% and 20% of astrocytomas, respec-
tively, whereas the EGFRvIII mutation was only found 
in GBMs (34.5%, P = 0.005). Among EGFR-amplified 
GBM cases, 59% also showed EGFRvIII expression (P < 
0.001). Furthermore, cytoplasmic accumulation of EGFR 
protein was also found in 75% of astrocytomas detected 
by immunohistochemistry, and 21% of the astrocytomas 
showed nuclear localization of EGFR. The detection of 
EGFR alterations in all grades of astrocytoma implicates 
its key role in the progression of gliomas. In addition, 
Pedeutour-Braccini et al [41] evaluated a group of Grade 
II gliomas to search for high-grade glioma components 
within the Grade II tumor tissue; microfoci with high cel-
lular density, high vascular density, or minimal endothe-
lial proliferation were determined, which were referred 
to as the GII+ phenotype. Furthermore, cell proliferation, 
hypoxia, vascularization, and alterations of tumorigenic 
pathways were examined in the hypercellular foci of 16 
GII+ cases by immunohistochemistry of Ki-67, CD31, 
HIF-1-alpha, EGFR, P-AKT, P53, and MDM2, and with 
fluorescence in situ hybridization of EGFR, MDM2, and 
PDGFRA. Ki-67 and CD31 expression was higher in the 
foci than in the tumor background in all cases. Aberrant 
expression of protein markers and genomic aberrations 
were also observed in some foci, and EGFR overexpres-
sion was detected in 7/16 cases, which was distinct from 
the tumor background. Survival of patients was shorter 
among GII+ cases than for all GII cases. These foci were 
thought to be an early histological hallmark of anaplastic 
transformation, which is supported by molecular aberra-
tions. Further molecular analysis is needed to elucidate 
the pathogenesis of low-grade glioma progressing to 
high-grade glioma. 

Besides the genetic abnormality of EGFR in the glioma 
parenchyma, the neovascularization of the glioma inter-
stitia is also related to EGFR mutation. A recent study [42] 
using the LN229 GBM cell line transfected with EGFR 
wild type and EGFRvIII mRNA showed upregulation 
of the mRNA and protein expression levels of angiopoi-
etin-like 4 factor by EGFRvIII overexpression. However, 
knockdown of this factor using shRNA significantly de-
creased the microvascular density in the transplanted tu-
mor and inhibited its growth both in vitro and in vivo. 



102  http://otm.tjh.com.cn

Further work demonstrated that the ERK pathway and 
its downstream regulated c-Myc pathway may be respon-
sible for these effects. 

In the last decade of molecular biological research, 
there have been many crucial findings relevant to gliomas, 
including the discovery that many of the genes involved 
in the initiation and progression of malignant gliomas 
are involved in EGFR signaling networks, which in turn 
govern the rampant tumor proliferation, invasive growth, 
and microvascular hyperplasia. Along with clinical appli-
cations of next-generation sequencing [43], the picture of 
the molecular pathogenesis and progression of malignant 
gliomas will undoubtedly become clear, with the hope of 
generating new pathways for drug or biomarker develop-
ment to treat malignant gliomas in the future. 
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ORIGINAL ARTICLE

Dysembryoplastic neuroepithelial tumor (DNT) is 
a benign tumor entity that is usually located in the su-
pratentorial cortex and frequently occurs in children or 
young adults. According to the World Health Organiza-
tion (WHO) classification in 1993, 2000, and 2007, DNTs 
belong to the category of “neuronal and mixed neuronal-
glial tumors”, are characterized by drug-resistant partial 
seizures, and are often associated with cortical dysplasia 
[1]. Histologically, three morphological variants have been 
described, namely, simple, complex, and non-specific 

forms. The histological hallmark of the DNTs is the “spe-
cific glioneuronal element”, in which bundles of axons 
lined by small oligodendroglia-like cells (OLCs) and large 
floating neurons within mucinous pools may be typically 
observed in simple and complex variants. Glial nodules, 
which lend the tumor a characteristic multinodular archi-
tecture, are also seen in complex forms with the specific 
glioneuronal element [2]. However, the concept of non-
specific variants of DNT, which were firstly described by 
Daumas-Duport in 1999, remains controversial, as these 
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Objective  The accurate diagnosis of the non-specific variant of dysembryoplastic neuroepithelial tumor 
(DNT) is very difficult because it is characterized by absence of the histological hallmark of the “specific 
glioneuronal element” in lesions. We herein present two cases of the non-specific form of DNT to analyze 
the clinical, radiological, and histological features of this unusual subtype of DNT.
Methods  A 16-year-old and a 23-year-old patient had been treated for pharmacoresistant epilepsy for 
several years before undergoing referral to the hospital for further examination and treatment. Magnetic 
resonance imaging (MRI) revealed that both patients had a small, well-demarcated cystic lesion within the 
cortex of the brain without obvious contrast enhancement or peritumoral edema. The lesions were totally 
resected and routinely examined using histological and immunohistochemical analysis.
Results  Both lesions exhibited similar histological appearances with cyst formation and mural nodule 
architecture. The glial nodules were mainly composed of oligodendrocyte-like components, and partly of 
piloid cells resembling pilocytic astrocytoma. The cortex adjacent to the lesion in both cases was found to 
have the histological features of focal cortical dysplasia (FCD) Type I. Immunohistochemically, the oligoden-
drocyte-like components were diffusely positive for Syn and Olig-2, but staining for CD34, p53, and IDH1 
R132H was negative. The Ki-67 (MIB-1) labeling index was low, approximately 1%. There was no 1p/19q 
co-deletion in either lesion by fluorescence in situ hybridization (FISH) assay. Neither patient received 
postoperative adjuvant treatment, and both underwent regular follow-up for at least 24 months. No signs of 
recurrence or epileptic attacks were observed during the follow-up period.
Conclusion  The non-specific variant of DNT is a diagnostic challenge for pathologists in clinical practice, 
and differentiation from some low-grade gliomas needs to be considered. The careful inspection of radio-
logic and histopathologic findings, accompanied by analysis of patients’ clinical manifestations, may be 
helpful in making an accurate diagnosis.
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                      diagnosis
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variants lack the specific glioneuronal element and mul-
tinodular architecture [3]. In clinical practice, non-specific 
variants of DNTs often present a diagnostic challenge 
and may be confused with low-grade gliomas. However, 
the accurate diagnosis of DNTs is important because pa-
tients with DNTs misdiagnosed as gliomas will receive 
adjuvant radiation and/or chemotherapy inappropriately. 
We herein report two cases of the non-specific variant of 
DNT in young patients. The clinical and histological fea-
tures of this rare histological form, as well as differential 
diagnosis, are discussed.

Materials and methods

Patients and clinical manifestations
Case 1. A 16-year-old boy presented with a history of at 

least two complex seizures over the previous three years. 
According to his parents, he had been treated unsuccess-
fully with antiepileptic drugs. As a result, the patient 
was referred to our hospital for further examination and 
treatment. Magnetic resonance imaging (MRI) revealed 
a small, well-demarcated cystic lesion within the cortex 
of the left frontal lobe that was 1.0 × 1.0 × 1.0 cm in size, 
and a mural nodule could be observed on the cystic wall. 
The lesion appeared hypointense on T1-weighted images 
and hyperintense on T2-weighted images. Contrast-en-
hanced imaging displayed mild heterogeneous enhance-
ment of the lesion. There was no obvious peritumoral 
edema or mass effect (Fig. 1). A subdural grid recording 
revealed that the epileptic focus lay in the cortex cover-
ing the lesion. The clinical diagnosis was epilepsy-related 
low-grade glioma or ganglioglioma. The lesion was com-
pletely removed surgically. The mass appeared grayish 
and was covered with normal-looking cortex. No postop-
erative radiotherapy or chemotherapy was administered. 
After surgery, the patient underwent regular follow-up 
for 24 months, and there was no evidence of recurrence 
in that period.

Case 2. A 23-year-old female patient presented with 
progressive headache, nausea, and vomiting for five 
months. She had been diagnosed with focal epilepsy with 
seizure onset at the age of 10, but no abnormal findings 
were present in general or on neurological examination. 
MRI scans revealed a large non-enhanced cystic lesion 
with a mural nodule, measuring 5.5 × 3.0 × 1.0 cm, in 
the cortex of the left temporal lobe. The lesion appeared 
hypointense on T1-weighted images and hyperintense on 
T2-weighted images, with mild peritumoral edema, but 
no contrast enhancement was observed (Fig. 2). The le-
sion was removed via a standard left craniotomy. At sur-
gery, the lesion was observed to be poorly vascularized 
and the border between the lesion and the normal brain 
was demarcated. Total resection was achieved. The post-
operative course was uneventful and no postoperative 

radiotherapy or chemotherapy was administered. The 
patient underwent follow-up for 36 months without any 
evidence of tumor recurrence. No further epileptic at-
tacks were observed during the follow-up period.

Pathological examination
Both surgical specimens were fixed with 10% buffered 

formalin and embedded in paraffin for histological exam-
ination. Four-μm-thick sections were stained with hema-
toxylin and eosin (H&E). Immunohistochemical staining 
of paraffin sections was performed using the ChemMate 
Envision/HRP Kit (Dako, Glostrup, Denmark). The pri-
mary antibodies used in this study were: GFAP, vimen-
tin, pan-cytokeratin (AE1/AE3), S-100 protein, oligoden-
drocyte transcription factor 2 (Olig-2), neuronal nuclei 
(NeuN), synaptophysin (Syn), CD34, IDH1 R132H, p53, 
and Ki-67.

For cytogenetic analysis, 1p/19q co-deletion in both le-
sions was detected by fluorescence in situ hybridization 
(FISH) utilizing the Vysis Dual Color Break Apart Probe 
(Vysis, Abbott Laboratories Inc., Maidenhead, UK). We 
detected 1p36 and 19q13 as target probes and 1q25 and 
19p13 as control probes in paraffin-embedded sections in 
accordance with the manufacturer’s protocol.

Fig.  1  Pre-operative MRI of the lesion of Case 1. (a) T1-weighted axial 
MRI demonstrated a hypointense lesion in the left frontal lobe containing a 
circumscribed cystic component and solid mural nodule (white arrow); (b) 
T2-weighted axial MRI showed a well-circumscribed lesion was located in 
the cortex of brain with high intensity of fluid content of the cyst and low 
intensity of a solid component without obvious peri-tumoral edema (white 
arrow); (c) On coronal MRI, the lesion was observed to be located in the 
cortex completely (white arrow), and (d) there was no remarkable contrast 
enhancement after administration of Gd-DTPA (white arrow)
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Results

Histopathological findings
On microscopic examination, both lesions exhibited 

similar histological appearances. The well-demarcated le-
sions were located within the cortex and partly extended 
into the adjacent cortex. They were non-encapsulated 
and displayed a cystic formation. No specific glioneuronal 
element with floating neurons within small mucoid lakes 
was found in either lesion. However, glial nodules, which 
constituted mural nodules on the cyst walls in both cases, 
were seen in association with the cystic architecture. The 
glial nodules were mainly composed of oligodendrocyte-
like components, which showed a monomorphic appear-
ance with uniform round nuclei and perinuclear halos. 
Scattered neuronal cells were observed to be embedded 
in the oligodendrocyte-like components. However, in 
contrast to typical oligodendrogliomas, no branching net-
work of capillaries was present (Fig. 3a–c). In some areas 
of glial nodules, piloid cells with long, hair-like processes, 
resembling pilocytic astrocytoma, were identified (Fig. 
3d). However, there were no Rosenthal fibers or eosino-
philic granular bodies in either lesion. In addition, the 
cortex adjacent to the lesion in both cases was found to 
have the histological features of focal cortical dysplasia 
(FCD) Type I. In those areas, blurring of layer boundaries 
and distinct microcolumnar arrangements, which were 
composed of more than eight small diameter neurons, 
could be identified by NeuN immunohistochemistry (Fig. 
3e–f, Fig. 4e).

Immunohistochemical and FISH findings
Immunohistochemically, the oligodendrocyte-like 

component was diffusely positive for Syn and Olig-2 and  
focally positive for S-100 protein. The scattered neuronal 
cells were positive for NeuN. The piloid cells in the le-
sions were positive for GFAP and Olig-2. However, there 
was no positive signal found for detection of pan-cyto-
keratin, CD34, P53, or IDH1 R132H. The Ki-67 (MIB-1) 
labeling index was only 1% focally (Fig. 4a–d). A total of 
200 cells were observed for chromosomal abnormalities. 
We utilized 1p36 and 19q13 as target probes and 1q25 and 
19p13 as control probes. Based on a cutoff value of 20%, 

there was no 1p/19q co-deletion found in either case (Fig. 
4f).

On the basis of clinical manifestations, radiological fea-
tures, and histopathological appearance; cortical location; 
cystic and mural nodule architecture without specific 
glioneuronal element; and the presence of FCD in adja-
cent cortex, a pathological diagnosis of DNT, non-specific 
variant, WHO grade I, was made.

Discussion

DNTs were first characterized by Daumas-Duport and 
his colleagues in 1988 to describe a surgically curable tu-
mor found in young patients with intractable partial sei-
zures [4]. Since 1993, the WHO classification of tumors of 
the central nervous system has accepted DNTs as a unique 
entity of “neuronal and mixed neuronal-glial tumors” [1]. 
However, at that time, the histological criteria of DNT 
were based on the initial description by Daumas-Duport 
and allowed only for the diagnosis of a morphological 
variant now referred to as the “complex form”. In 2000 
and 2007, the “simple form” and “non-specific form” of 
DNT were additionally described as unique variants of 
DNTs in later editions of the WHO classification [1, 5].

It has been suggested that DNTs include a large spec-
trum of tumors that cannot be distinguished histological-
ly from ordinary gliomas, and that the diagnosis of such 
“non-specific histological forms” requires that clinical 
presentation and imaging features be taken into consider-
ation. Because the “non-specific form” of DNTs lacks the 
specific glioneuronal element and multinodular architec-
ture, this variant of DNTs is often histologically indis-
tinguishable from low-grade gliomas, particularly when 
the cortical topography of the tumor is not apparent on 
non-representative samples. Therefore, it is important for 
neuropathologists that the diagnosis of DNT be consid-
ered whenever all of the following criteria are present: (I) 
partial seizures with or without secondary generalization, 
usually beginning before the age of 20 years; (II) no pro-
gressive neurological deficit; (III) predominantly cortical 
topography of a supratentorial lesion, best demonstrated 
on MRI; and (IV) no mass effect on computed tomography 
(CT) or MRI, except if related to a cyst, and no peritumor-

Fig.  2  Pre-operative MRI of the lesion 
of Case 2. (a) T1-weighted axial MRI ex-
hibited a large hypointense cystic lesion 
with a mural nodule in the cortex of left 
temporal lobe (white arrow); (b) But the 
lesion was hyperintense on T2WI, with 
mild peri-tumoral edema (white arrow); 
(c) There was no contrast enhancement 
was observed in lesion (white arrow)
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al edema [1, 3]. In our cases, both patients had a supratento-
rial intracortical lesion with cyst formation, and no peri-
tumoral edema or contrast enhancement was observed . 
They were young patients without neurological deficits 
or mass effect on MRI examination. The entire clinical 
presentation and all radiological features were consistent 
with the diagnostic criteria for DNTs. Furthermore, as in 
the complex form of DNTs, foci of cortical dysplasia could 
be identified in the cortex adjacent to both lesions. Such 
dysplastic changes in our cases strongly suggested that 
these tumors belonged to the category of DNTs.

Due to the absence of the specific glioneuronal ele-
ment, which is characterized by parallel strands of axons, 
oligodendrocyte-like cells, and floating ganglion cells in 
microcystic mucopolysaccharide-rich areas [1], the diag-

noses in our cases remain controversial. In addition, the 
histological appearance of oligodendroglioma-like and pi-
locytic astrocytoma-like areas in the lesions engenders di-
agnostic confusion with other low-grade infiltrating neo-
plasms, such as ganglioglioma, oligodendroglioma, and 
central neurocytoma. It has been documented that DNT 
has areas composed of astrocytic, oligodendroglial, and 
neuronal components. Theoretically, overgrowth of any 
of these may result in an independent tumor [1–4]. How-
ever, gangliogliomas, the presence of abnormal neurons, 
and lymphocytic cuffing were not observed in our cases. 
It is now well known that oligodendrogliomas are often 
characterized by 1p/19q co-deletion and mutation in the 
IDH1 gene [6–7]. In the present tumors, 1p/19q co-deletion 
and expression of mutant IDH1 were not detectable. The 
combination of these two negative findings is suggestive 
of DNT rather than oligodendroglioma. It is important to 
note that the precise origin of the OLCs in DNTs is still 

Fig.  3  Histological features of lesions in both cases. (a) At the lower 
power fields, the lesions could be found to be composed of cyst, cortex 
and glial nodule; (b) The glial nodule was mainly composed of oligoden-
drocytic-like cells with uniform round nuclei and perinuclear halos, resem-
bling oligodendroglioma; (c) Scattered neuronal cells (black arrows) were 
observed to be embedded in the oligodendrocytic-like components; (d) 
In the some areas of glial nodules, piloid cells with long, hair-like pro-
cesses, resembling pilocytic astrocytoma were identified, but there were 
no Rosenthal fibers and eosinophilic granular bodies in lesions; (e) The 
adjacent cortex of lesions was found to have the histological features of 
focal cortical dysplasia (FCD) Type I with blurring of layer boundaries and 
distinct microcolumnar arrangements; (f) At the higher power fields, a 
microcolumnar arrangement, which were composed of more than eight 
small diameter neurons could be identified (black dashed box) (a and e, 
HE staining × 100; b–d, f, HE staining × 400)

Fig.  4  Immunohistochemical and FISH assay of lesions. (a) The oli-
godendrocytic-like cells in glial nodule were negative for GFAP, but were 
diffusely positive for Syn (b); (c) The scattered neuronal cells were ob-
served to have positive signal to Neu N; (d) However, the piloid cells with 
long, hair-like processes showed GFAP immuno-positivity; (e) NeuN im-
munohistochemical staining exhibited the microcolumnar arrangement in 
adjacent cortex with FCD (red dashed box); (f) FISH assay showed that 
there was no 1p/19q co-deletion in both lesions. The figure only showed 
FISH assay for 1p, the data of 19q detection was not shown here (a–e, 
immunohistochemical staining with original magnification × 400; f, FISH 
assay × 400)
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unknown. Some of these cells express neuronal markers 
and exhibit synaptophysin, suggesting that the OLCs of 
DNTs may show an early neuronal differentiation [8–9]. 
However, recent results with in situ hybridization dem-
onstrated that OLCs transcribe myelin genes and express 
myelin oligodendrocyte glycoprotein protein, indicating 
oligodendroglial differentiation [10]. Results from some 
studies have suggested that DNTs are originally oligoden-
drogliomas that occur preferentially in the cerebral cortex 
and have more benign biological behavior, corresponding 
to WHO grade I [11].

Although DNTs have been subcategorized into simple, 
complex or non-specific histological forms, we are well 
aware of the fact that there have been no clinical or ther-
apeutic implications related to the different histological 
forms. Different histological subtypes of DNT might only 
reflect varied histological features and remind patholo-
gists to avoid over-diagnosing lesions as low-grade or 
even high-grade gliomas or gangliogliomas. As there is 
no specific immunohistochemical marker for recognition 
of different subtypes of DNTs, we herein emphasize that 
the diagnosis of DNTs should be confirmed by clinical, 
radiological, and histological characteristics of patients. If 
there is absence of the specific morphological features in 
the lesion, all of the four criteria described above must be 
present to make an accurate diagnosis. In our experience, 
the diagnosis of the non-specific form of DNT should be 
considered particularly in children or young patients in 
cases in which a glial tumor exhibits an unusual histo-
logical appearance without the specific glioneuronal el-
ement, but showing a supratentorial intracortical lesion 
without peritumoral edema and mass effect. If the case 
presents diagnostic difficulties, close surveillance by im-
aging might be a better plan to objectively determine the 
actual behavior of the tumor, because radiotherapy and 
chemotherapy are contraindicated for DNTs [12–14]. Pre-
viously reported DNTs have usually shown no evidence 
of recurrence following resection. However, some stud-
ies have suggested that tumor recurrence after gross to-
tal resection or enlargement of the residual tumor with 
subtotal resection of DNTs may occur. There have even 
been reports that have documented tumor progression 
[15–16] or malignant transformation [17–18]. Risk factors for 
the development of recurrent seizures after operation on 
long-term follow-up included longer preoperative his-
tory of seizures, presence of residual tumor, and presence 
of cortical dysplasia adjacent to DNT [19–21]. Therefore, we 
suggest that a long period of follow-up is necessary even 
if the patient experienced complete relief upon initial 
surgical treatment. 

In conclusion, we report two additional rare cases of 
the non-specific form of DNT with favorable prognosis 
occurring in young patients. Both tumors exhibited the 
conventional clinical manifestations and radiological ap-

pearance of DNTs, but lacked the specific histological fea-
tures. In clinical practice, non-specific variants of DNTs 
are a diagnostic challenge for pathologists and may be 
confused with other low-grade gliomas. The careful in-
spection of radiologic and histopathologic findings may 
be helpful to make an accurate diagnosis.
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A 54-year-old man was referred to our hospital be-
cause of abdominal pain and fever. According to the 
principle of Occam’s Razor, we needed to find an inflam-
matory or neoplastic etiology to explain both symptoms. 
The patient had been healthy until 3 months before ad-
mission. He had intermittent colic around the umbilicus 
with exacerbation after eating. The patient rated his pain 
6–10 on a 10-point scale. The pain did not radiate, was 
not related to position, and did not improve with the use 
of a proton-pump inhibitor. A low-grade fever occurred 
4 weeks prior to admission. He had night sweats and a 
15-kg weight loss. He did not experience cough, chills, 
melena, hematochezia, vomiting, dysphagia, or altered 
bowel habits. Pulmonary tuberculosis was diagnosed in 
the patient 25 years before and resolved after therapy. He 
had a 45-year history of smoking a pack of cigarettes a day 
and on average consumed 50 g of alcohol per day for the 
last 20 years. 

On examination, the patient looked chronically ill and 
cachectic but alert and oriented. His temperature was 
38.0°C, his heart rate was 92 beats per min, his respiratory 

rate was 18 breaths per min, his blood pressure was 106/70 
mmHg, and his oxygen saturation was 95 percent while 
he was breathing ambient air. His weight was 48 kg, and 
his height was 1.72 m. No lymphadenopathy, icterus, spi-
der angioma, or liver palm was present. The oropharynx 
was clear. The patient’s neck was supple without bruits or 
goiter. Cardiac examination was normal. His lungs were 
normal except for decreased breath sounds from both 
sides. The abdomen was scaphoid without subcutaneous 
varicose veins. Bowel sounds were normal, and shift dull-
ness was negative. On palpation, the abdomen was soft 
with tenderness in the left upper and right lower quad-
rant. No rebound, rigidity, or organomegaly was revealed. 
Rectal examination revealed no mass. A stool sample was 
positive for occult blood. He had no peripheral edema. 
His neurological examination was normal. 

Laboratory studies revealed a white cell count of 
9200 per cubic millimeter, with 67 percent neutrophils, 
a platelet count of 337,000 per cubic millimeter, and a 
hematocrit of 30 percent, with a mean corpuscular vol-
ume of 79 μm3. Electrolytes, liver function tests, amylase, 
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and coagulation were normal, except for a serum albumin 
concentration of 3.2 g per deciliter. Urinalysis was nor-
mal. His erythrocyte sedimentation rate was 103 mm per 
hour. Tests of blood cultures, interferon gamma release 
assay, serum deoxyribonucleic acid for cytomegalovirus, 
antinuclear antibody, and anti-neutrophil cytoplasm an-
tibody were all negative. A chest radiograph was consis-
tent with chronic obstructive lung disease and resolved 
tuberculosis. 

A gastroduodenoscopy and a colonoscopy with ter-
minal ileal intubation were performed, but they did not 
reveal any remarkable abnormalities. An air-barium 
double contrast examination of the small bowel showed 
multiple ulcers in the jejunum and ileum between normal 
mucosa (Fig. 1a). Computed tomography (CT) enterogra-
phy showed skip lesions in the small intestine, including 
segmental thickening of the bowel wall, marked mucosal 
enhancement, and lymphadenopathy (Fig. 1b). A CT scan 
of the lungs incidentally identified a 3.0 × 2.2 cm nodule 
in the left lower lung with a vessel within it, as well as 
resolved tuberculosis (Fig. 1c and 1d). Capsule endoscopy 
was ordered and illustrated large ulcers in the jejunum 
and ileum with normal mucosa between two lesions (Fig. 
1e). 

The lung CT findings were not very clear. The loca-
tion of the nodule explains why it was overlooked on 
radiograph. The smooth margin of the nodule and the 
lack of satellite lesions were incompatible with pulmo-
nary tuberculosis. Given the patient’s age, the size of the 
nodule, and the history of heavy smoking, lung cancer 
should never be excluded. The diffuse involvement of the 
small bowel, however, cannot be readily explained by 
lung cancer, because gastrointestinal metastasis of lung 
cancer is rare. According to a series of case reports, gas-
trointestinal metastasis usually occurs in the end stages 
of widely metastatic disease and typically presents with 
bowel obstruction, massive hemorrhage, and perforation. 
Although normal ileocecum is infrequent in Crohn’s dis-
ease, it was a strong differential diagnosis, particularly 
considering the skip lesions in the small bowel. Among 
the extra-intestinal manifestations of Crohn’s disease, 
lung involvement is uncommon. However, literature of 
such manifestations is accumulating and includes drug-re-
lated pathologies, airway disease, fistulas, granulomatous 
disorders, and autoimmune and thromboembolic events. 
Therefore, the nodule could have theoretically developed 
in the background of established Crohn’s disease. 

A pulmonologist saw the patient and agreed that the 
nodule was inconsistent with tuberculosis. However, 
he could not relate the pulmonary findings to the small 
bowel abnormality. The results of microbiological inves-
tigations of an induced sputum sample were negative, in-
cluding Gram stain and acid-fast staining and culture. A 
bronchoscopy was performed, and the bronchus was pat-

ent. A blind biopsy was obtained and revealed unspecific 
inflammation. The interventionist declined to perform a 
needle aspiration of the nodule given the risk of hemor-
rhage. Surgical resection was also considered risky in light 
of the patient’s impaired lung function and poor general 
status. Double-balloon enteroscopy revealed a large and 
deep ulcer in the upper jejunum (Fig. 1f). A biopsy was 
taken. On the next day, the patient complained of ab-
dominal distention, and plain radiography confirmed free 
subphrenic air. The patient was diagnosed with perfora-
tion, and an exploratory laparotomy was performed.

Small intestinal perforation after small bowel enteros-
copy is a serious complication in this case, but it was un-
surprising. The risk of such an event was relatively high 
due to the large and deep ulcers in the small intestine. 
On the other hand, emergency laparotomy undoubtedly 
put the patient at risk for post-operation complications, 
but it also provided case management information since 
surgical resection of the small intestine would lead to a 
definite histological diagnosis. 

During the operation, three ulcerous tumors in the je-
junum and ileum were found. The most proximal tumor 
was perforated, and the other two nearly perforated. Seg-
mental small bowel resections were performed, and a to-
tal of 90 cm of the small intestine was removed. The post-
operation recovery was complicated by surgical wound 
infection, but the patient was administered antibiotics 
and supportive care and did well after all. A pathologist 
made the final diagnosis of fibroblastic histiocytic sarco-
ma (FBRC). The patient and his family declined chemo-
therapy and chose traditional Chinese medicine instead. 
On follow-up, he developed hemoptysis, fever, and an 
abdominal mass in the fourth month after discharge and 
died two months later. 

The pathological examination was described hereafter. 
About 90 cm of the small intestine was sent to the pathol-
ogy department for gross examination, and three tumors 
involving all layers of the intestine with ulcers were found 
(Fig. 1g), the largest one of which was perforated. Some 
swollen lymph nodes were found adjacent to the tumors. 
Histologically, the tumor cells originated from submuco-
sal tissue and heavily infiltrated surrounding tissue (Fig. 
1h). Tumor cells infiltrated into the mucous membrane to 
form an ulcer and invaded into the serosa with local per-
foration. The tumor cells were spindle-shaped and oval 
with prominent nucleoli and many mitotic figures with-
out obvious nuclear anaplasia. Extensive tumor necro-
sis and mild lymphocyte infiltration among tumor cells 
were observed (Fig. 1i and 1j). Tumor cells were present 
in regional lymph nodes (3/16). Immunohistochemically, 
tumor cells were strongly positive for vimentin (Fig. 1k), 
CD68 (Fig. 1l), and EGFR (Fig. 1m), There was partial 
reactivity for AE1/AE3 (Fig. 1n), LCA (leucocyfe com-
mon antigen) (Fig. 1o), smooth muscle actin (SMA) (Fig. 
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1p), and desmin (Fig. 1q). Tumor cells were negative for 
CD117, CD34, Dog-1, ALK, CD21, CD35, S100, and CD1a. 
The Ki-67 tumor index was about 70% (Fig. 1r).

By electron microscope, immature desmosomes were 
observed (Fig. 1s) between tumor cells; many rough en-
doplasmic reticulum were present in the cytoplasm of 
tumor cells.

The pathological diagnosis was FBRC of the small in-

testine, involving all intestinal layers with metastasis to 
the regional lymph nodes (3/16).

Discussion

The diagnosis of FBRC relies predominantly on histo-
lytic lineage verification and the exclusion of other poorly 

Fig.  1 (a–b)  The air-barium and CT enterography showed multiple skip lesions of the small intestine; (c) Old tuberculosis in the left lung; (d) A mass 
in the left lower lung; (e–f) A large and deep ulcer in the small intestine on capsule endoscopy (e) and small bowel endoscopy (f); (g) Multiple ulcerous 
tumors in the intestine; (h) The malignancy of submucosal origin and heavy infiltration and invading around tissue (HE staining × 10); (i) Necrosis of 
the tumor and mild infiltration of lymphocytes (HE staining × 100); (j) Tumor cells with prominent nucleoli and abundant small cytoplasm admixed with 
lymphocytes (HE staining × 200); (k) Diffuse and strong reactivity for Vimentin (SP × 200); (l) Reactivity for CD68 (SP × 200); (m) Reactivity for EGFR 
(SP × 200); (n) Partial reactivity for AE1/AE3 (SP × 200); (o) Partial reactivity for LCA (SP × 200); (p) Reactivity for SMA (SP × 200); (q) Reactivity for 
Desmin (SP × 200); (r) High proportion of Ki-67 expression; (s) Immature desmosomes between tumor cells (electronic microscopy × 17500)
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differentiated malignancies by careful histological exami-
nation and extensive immunophenotypic investigation 
[1–5]. Morphologically, FBRC can mimic fibroblasts from 
other origins with similar long slender cytoplasmic pro-
cesses, and FBRC can have variable myofibroblastic fea-
tures [1]. Therefore, definite differentiation between the 
various entities described above using morphology alone 
is not possible, and immunohistochemical data plays a key 
role in these diagnoses [5–7]. In the current classification 
system of tumors of hematopoietic and lymphoid tissues 
[8], fibroblastic reticular cell sarcoma has been described as 
a new subtype, based on the expression of CD68, vimen-
tin, SMA, desmin, and AE1/AE3.

Pathologically, the first disease that merited differen-
tiation in this case was a gastrointestinal stromal tumor 
(GIST), which is the most common mesenchymal tumor 
in the alimentary system. GISTs are notorious for their 
highly variable morphologic features, and they can af-
fect the entire digestive tract with the small intestine as 
a “hotspot”. However, tumor cells in this case were nega-
tive for CD117, CD34, and Dog-1, which strongly ruled 
out diagnosis of this disease. Another possible disease was 
poorly differentiated carcinosarcoma, and the partial re-
activity for AE1/AE3 was suggestive of this possibility, 
but the origin from the submucosal layer and the positive 
immunochemical stains with vimentin, SMA, desmin, 
and CD68 ruled out this malignancy. The immunohis-
tochemical data also helped to exclude other compet-
ing diagnoses, such as myofibroblastic tumor, follicular 
dendritic cell sarcoma, Langerhan’s histocytosis, and 
interdigitating dendritic cell sarcoma. In summary, no 
malignancy other than FBRC stains positively for SMA, 
desmin, CD68, and LCA concurrently, as in this case. The 
electron microscope findings of granular endoplasmic 
reticulum and underdeveloped desmosomes also support 
this diagnosis.

Although FBRC tumors are rare, we believe that this 
case helps to illustrate two important points that apply 
to general clinical reasoning. First, physicians, especially 
senior physicians, often employ “pattern recognition” to 
make a rapid diagnosis. The philosophy of such an ap-
proach is that with knowledge and experience, clinicians 
can form combinations of relevant clinical scenarios (pat-
terns) in their minds that in turn enable each new case to 
be rapidly evaluated and classified according to its resem-
blance to existing patterns. To use a metaphor: “If some-
thing looks like a duck, walks like a duck, and sounds like 
a duck, then it is a duck.” Although pattern recognition 
works effectively and efficiently for most problems in 
daily practice, particularly when quick decision-making 
is mandatory, such as in an emergency room, it is not im-
mune to cognitive bias and wrong judgments. Further-
more, if physicians anchor to their first impression and 
refuse adjustment when required, misdiagnosis and errors 

easily ensue. As for this case, the patient definitely was 
previously diagnosed with tuberculosis and presented 
with low fever, night sweats, and weight loss. Therefore, 
it is quite natural to suspect active abdominal tuberculo-
sis. However, the following diagnostic findings gradually 
made that diagnosis less likely. On the other hand, when 
multiple skipping ulcers of the small bowel were found 
with normal intestinal tissue between them, it was tempt-
ing to consider Crohn’s disease instead. The nodule in the 
lungs could also be explained, at least theoretically, by 
this hypothesis. However, upon thorough consideration, 
we found many clues that argued against that diagnosis. 
First, the patient had a rather short clinical course, but 
he was remarkably wasting. That is not typically seen in 
Crohn’s disease. Secondly, on CT scans, the small intes-
tine was dilated in the first jejunum lesion, while Crohn’s 
disease usually causes strictures of the small intestine. 
Thirdly, on colonoscopy, the ileocecum, the most com-
mon site of Crohn’s disease, was normal. To summarize, 
this case highlights the essential nature of comprehensive 
evaluation and balanced reasoning of all the relevant data 
to make good clinical decisions. Even if the clinical sce-
nario seemingly fits a certain diagnosis, rather than jump-
ing to the conclusion, one still needs to arrange necessary 
diagnostic workups and carefully rule out other compet-
ing diagnoses. 

The second point of this case is the importance of his-
tological investigation. “Tissue is the issue”, and the truth 
and profundity of this adage can never be overstated. Af-
ter all other approaches failed to lead to a definite diagno-
sis, we were left with no choice but to employ enterosco-
py to investigate the small intestine. Enteroscopy brought 
certain risks and resulted in the serious complication of 
perforation. However, it was perforation that justified 
emergent laparotomy and led to the eventual pathologi-
cal diagnosis. Without such an intervention, the patient 
could have gone undiagnosed for additional time. We also 
believe that the dramatic course of this case has served 
to reflect the spirit of Chinese philosophy. According to 
ancient Chinese thinkers, the natural law governing the 
universe is a law of cyclic development, and things that 
develop to one extreme are bound to tend toward the op-
posite. In other words, nothing is fixed forever. Looking 
at the perforation from this perspective, we realize that it 
is a two-fold story. On one hand, perforation is undoubt-
edly a serious complication and an adverse event, but on 
the other hand, it also helped to finally diagnose this case. 
We learned to watch out and take care even in favorable 
clinical situations and stand resolutely in hard ones. In 
other words, physicians should withstand adversities in 
clinical practice, always support their patients, and hope 
for the best. 

Unfortunately, the patient declined post-operative 
chemotherapy and died shortly thereafter, despite all the 
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efforts. The natural course of this case was consistent with 
the highly aggressive behavior of FBRC. Based on his ter-
minal symptoms, we speculated that the pulmonary le-
sion was probably a metastatic lesion of the disease, and 
the intra-abdominal tumor had recurred.

Tumors derived from reticular cells are uncommon, 
and those of FBRC origin are even rarer. Turner et al. de-
scribed the first well-established case of FBRC in 1984 [2]. 
In 1998, Andriko et al published a report on 11 patients 
with lymph node reticular cell neoplasms, including 3 
cases of FBRC origin [3]. Since then, less than 20 cases 
of FBRC have been reported that involve lymph nodes, 
spleen, and liver [4–7, 9, 10]. Although the rarity of FBRC neo-
plasms has largely prevented a full appreciation of their 
biological behavior, extranodal presentation is frequent, 
and the clinical course is generally aggressive in patients 
with FBRC malignancies. Evidence of FBRC management 
is scarce. Surgical debulking is the primary treatment op-
tion, but the roles of chemotherapy and radiotherapy are 
unproven. To the best of our knowledge, this is the first 
case of FBRC sarcoma of the small intestine with a prob-
able lung origin. 
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Since the application of bronchoscopy [1], the diagnosis 
of lung disease has become facilitated, which has greatly 
improved the understanding of respiratory diseases. Bron-
choscopy is a critical and indispensable tool, particularly 
for the diagnosis of pulmonary neoplasms. Because of its 
safety, convenience, and cost-effectiveness, bronchosco-
py has been extensively used in the respiratory depart-
ment. However, in case of abnormalities undetectable 
by bronchoscopy, endoscopists do not normally perform 
bronchoscopic biopsy. This phenomenon might possibly 
decrease the rate of detection. Furthermore, the lack of 
a specimen would hinder the identification of genetic 
mutations that could guide clinical treatment. The aim 

of this study was to evaluate the role of bronchoscopic 
biopsy in detecting lung cancer in the presence of lesions 
undetectable by bronchoscopy.

Materials and methods

Patients
We conducted a retrospective study that included con-

secutive cases with confirmed diagnoses of lung cancer 
without visible endobronchial abnormalities, for which 
a transbronchial lung biopsy (TBLB) was performed de-
pending on the images obtained from high-resolution 
computed tomography (HRCT) between January 2008 
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Objective  Bronchoscopy has been extensively used in the diagnosis of respiratory diseases, and par-
ticularly, malignant diseases. However, endoscopists do not normally perform bronchoscopic biopsy in case 
lesions are undetected via bronchoscopy. The aim of this study was to evaluate whether performing bron-
choscopic biopsy could be established in the diagnosis of lung cancer in case of endobronchial abnormali-
ties undetectable to the naked eye. 
Methods  We retrospectively analyzed 109 cases between January 2008 and December 2012. The in-
clusion criteria were confirmed lung cancer diagnosis, transbronchial biopsy performed in the absence of 
visible endobronchial manifestations, brushing, and bronchoalveolar lavage (BAL) according to the images 
obtained from high-resolution computed tomography (HRCT). Data regarding age, sex, pathology, tumor 
stage; the method of diagnosis; location of primary lesion (central, peripheral, or intermediate); tumor size, 
mediastinal lymph node metastasis, and the serum carcinoembryonic antigen (CEA) value were collected. 
The Pearson chi-square test or Fisher’s exact and McNemar tests were used in the univariate analysis.
Results  Among the 109 patients, the diagnosis of 37 (33.9%) patients was confirmed through bronchos-
copy. Brushing and BAL had higher positive detection rates than biopsy (P = 0.004). There were no differ-
ences in the positive detection rates between the sex, pathology, lesion location, tumor size, lymph node 
metastasis, and the serum CEA value (P > 0.05 for all groups).
Conclusion  Despite the normal appearance of the endobronchial manifestations, lesions undetectable 
by bronchoscopy could be indicated. Therefore, we suggest performing bronchoscopic biopsy and that 
brushing and BAL might increase the positive detection rate of bronchoscopic examination. 
Key words:  bronchoscope; lung cancer; biopsy
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and December 2012. In total, 109 patients were enrolled. 
The variables included age, sex, pathology, tumor stage; 
the method of diagnosis; location of primary lesion (cen-
tral, peripheral, or intermediate); tumor size, mediastinal 
lymph node metastasis, and the serum carcinoembryonic 
antigen (CEA) value. The CEA was detected in 96 serum 
samples using enzyme-linked immunosorbent assays.

Methods
Various Olympus electronic bronchoscopes (Japan) 

were used for performing the procedures, and the bron-
choscopies were performed in accordance with the stan-
dard protocols. Briefly, the bronchoscopies were per-
formed orally, and 2% lidocaine was administered as the 
anesthetic. In all cases, a full inspection of the tracheo-
bronchial tree was performed. After the inspection, the le-
sion was localized using HRCT, and forceps were inserted 
to conduct TBLB at the nearest bronchial mucosa to the 
lesion (2–3 samples). Subsequently, bronchial brushing 
and bronchoalveolar lavage (BAL) were performed. The 
results of the transbronchial needle aspiration were not 
included in the analyses. 

All patients signed informed consent forms before 
endoscopy. The ethics committee of our institution ap-
proved the study. 

Statistical analysis
All data were analyzed using the SPSS software ver-

sion 22 (SPSS Inc., USA). The Pearson chi-square test or 

Fisher’s exact and McNemar tests were used in the uni-
variate and multivariate analyses. A P value < 0.05 was 
considered statistically significant. 

Results

In total, 109 patients were enrolled between January 
2008 and December 2012, including 64 (58.7%) men and 
45 (41.3%) women with a mean age of 58.4 years (range, 
18–82 years). Herein, 93 out of 109 patients had adeno-
carcinoma (85.3%), 11 had squamous carcinoma (10.1%), 
and only 3 had small cell lung cancer (2.8%). The loca-
tions of the lesions were central in 11 (10.1%) cases, pe-
ripheral in 80 (73.4%), and intermediate in 18 (16.5%) 
cases (Table 1). 

Of the 109 patients, 37 (33.9%) were diagnosed bron-
choscopically, 34 (31.2%) by brushing and BAL, and 21 
(19.3%) by biopsy. Brushing and BAL were identified to 
have higher positive detection rates than biopsy on the 
McNemar test (P = 0.004; Table 2). There were no statisti-
cally significant differences in the positive detection rates 
between the sex, pathology, lesion location, tumor size, 
lymph node metastasis, and the serum CEA value (P > 
0.05 for all groups; Table 3)

Patients without a bronchoscopically confirmed diag-
nosis were diagnosed with another method. Twenty-nine 
cases (26.6%) were confirmed by transthoracic biopsy, 

Table  1  Characteristics of the cases
Features n %
Sex 

Male 64 58.7
Female 45 41.3

Pathology 
Adenocarcinoma 93 85.3

    Squamous carcinoma 11 10.1
SCLC 3 2.8
other 2 1.8

Location 
Central 11 10.1
Intermediate 18 16.5
Peripheral 80 73.4

SCLC, small cell lung cancer

Table  2  Positive detection rates of brushing and BAL and biopsy by 
bronchoscopy

Features Positive P
n %

Brushing and BAL 34 31.2 0.004
Biopsy 21 19.3
combined above examinations 37 33.9

Table  3  Comparisons between the positive detection rates of different 
groups by bronchoscopy

Features Total Positive χ2 Pn %
Sex 

Male 64 25 39.1 1.81 0.178
Female 45 12 26.7

Pathology 
Adenocarcinoma 93 29 31.2 2.149 0.143
Squamous carcinoma 11 5 45.5
SCLC 3 2 66.7
Other 2 1 50.0

Location 
Central 11 7 38.9 1.105 0.575
Intermediate 18 5 45.5
Peripheral 80 25 31.3

T stage
T1–2 75 25 33.3 0.040 0.841
T3–4 34 12 35.3

N stage
N0–1 52 15 28.8 1.153 0.283
N2–3 57 22 38.6

CEA value
Positive 34 10 29.4 0.364 0.546
Negative 62 22 35.5
Missing 13

SCLC, small cell lung cancer
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16 cases (14.7%) through analysis of the pleural fluid, 26 
cases (23.9%) by surgery, and one case (0.9%) through 
sputum analysis (Table 4).

Of the 109 patients, none experienced uncontrollable 
bleeding after undergoing the standard procedures of 
brushing, BAL, and biopsy. Only 7 patients experienced 
slight bleeding, which was effectively managed using 
topical adrenaline.

Discussion 

Lung cancer is the most common cause of cancer-re-
lated deaths worldwide, and most patients are diagnosed 
at an advanced stage [2]. Along with the extensive appli-
cation of low-dose helical CT for screening lung cancer 
[3–5], the detection rates of solitary pulmonary nodules 
(SPNs) increased. The most common methods used in the 
diagnosis of SPNs are bronchoscopy, transthoracic needle 
aspiration, and surgical biopsy [6]. The diagnostic rate of 
malignant lesions by traditional TBLB ranged 14–63%, 
depending on the size and location of the lesions, and 
the skill and experience of the bronchoscopist [7]. There 
have been several developments in bronchoscopic tech-
nologies in order to improve diagnostic yields, includ-
ing radial probe endobronchial ultrasonography, and in 
navigation systems, including electromagnetic navigation 
bronchoscopy and virtual bronchoscopy [8]. Despite the 
availability of several bronchoscopic approaches, TBLB, 
and brushing and BAL through bronchoscopy are still 
the most widely used techniques for diagnosis. Common 
bronchoscopy is used even more extensively because of 
its safety, convenience, and cost-effectiveness. However, 
studies seldom show the percentages when lesions are not 
detected by bronchoscopy [9–10]. Nowadays, biopsy speci-
mens have become increasingly important for clinicians. 
It was reported that 87% of adenocarcinoma patients har-
bor driver gene mutations [11]. Biopsy specimens are re-
quired for the detection of these mutations, particularly 
for adenocarcinoma. 

In this study, out of the 109 cases of undetectable endo-
bronchial lesions, most involved adenocarcinoma (85.3%) 
and/or were peripheral lesions (73.4%). Consistent with 
previous studies, the total positive detection rate was 
33.9% (37/109) [9–10]. Among the adenocarcinoma cases, 29 
(31.2) showed positive results through TBLB, brushing, or 

BAL. Although the positive detection rate was not as high 
as that for other pathologies (45.5–66.7%), no statistically 
significant differences between them were observed. It 
is necessary to perform brushing and biopsy, because the 
incidence of adenocarcinoma was high in the whole lung 
cancer group and in patients who had lesions undetect-
able by bronchoscopy. 

Brushing and BAL had significantly higher diagnostic 
positive detection rates than biopsy (31.2% vs. 19.3%, P = 
0.004; Table 2). This might be because brushing and BAL 
could be performed within a much larger range, whereas 
only a small specimen could be obtained by biopsy with 
a rather limited range. The combination of biopsy with 
brushing and BAL could slightly increase the diagnostic 
positive detection rate of bronchoscopic examination. 

There were no differences in the diagnostic positive 
detection rates according to sex, pathology, lesion loca-
tion, tumor size, lymph node metastasis, and the serum 
CEA value. It appears that the positive detection rate does 
not relate to clinical factors. For example, the location of 
the lesions did not influence the positive detection rates. 
Furthermore, we investigated whether mediastinal lymph 
node metastasis affected the positive detection rates and 
found that mediastinal lymph node metastasis and hilar 
lymph node metastasis did not differ in their positive de-
tection rates. We suggest this could primarily be because 
of the insufficient number of cases for obtaining positive 
results, and secondly, because the clinical factors evenly 
and dispersedly influenced the positive detection rates, 
which indicated any element could not have a statistical-
ly significant influence on the positive detection rates. In 
fact, as long as cancer cells invaded the bronchial mucosa, 
positive results could be obtained by biopsy or brushing, 
although no lesions were visible to the naked eye. 

Of the 109 patients, none experienced uncontrollable 
bleeding after undergoing the standard procedure of 
brushing, particularly for biopsy. Therefore, biopsy is a 
sufficiently safe option for patients with lesions undetect-
able by bronchoscopy.

In conclusion, normal endobronchial manifestations 
could indicate lesions undetectable by bronchoscopy. 
Therefore, we suggest that endoscopists perform biopsy, 
brushing, and BAL. In addition to their safety, brushing 
and BAL might increase the positive detection rates by 
bronchoscopic examination. 
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Colorectal cancer (CRC) is one of most common can-
cers and the fourth leading cause of cancer-related death 
worldwide [1]. Metastasis is the most common reason 
for the death of CRC patients [2]. Despite application of 
screening strategies, such as fecal occult-blood test, sig-
moidoscopy and colonoscopy, approximately 500 000 
patients with CRC die due to uncontrolled cancer metas-
tasis each year [3]. Therefore, the molecular mechanisms 
of CRC metastasis and therapies focusing on specific mo-
lecular targets of CRC metastasis attract wide attention.

Epithelial-mesenchymal transition (EMT) is essential 
for initiation of cancer metastasis. In breast cancer, ovar-
ian cancer, esophageal cancer, and colon cancer models, 

EMT has been observed. It has been established that EMT 
is aberrantly reactivated in tumor progression and con-
tributes to cancer invasion and metastasis in vivo and in 
vitro [4]. Key features of EMT include deficiency of epi-
thelial cell markers such as E-cadherin, and elevated ex-
pression of mesenchymal proteins such as vimentin [5–6]. 
Recent studies have demonstrated that E-cadherin also 
can be regulated by micro-RNAs [4]. It is established that 
microRNAs (miRNA) are a class of small noncoding gene-
regulatory RNAs, which are involved in regulation of ex-
pression of cancer-related genes, and play roles in cancer 
invasion and metastasis [7–8]. Among miRNAs, miR-200b 
is a member of the miR-200 family. A large amount of 
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evidence supports the notion that miR-200b is associated 
with EMT of cancer cells. For instance, miR-200b is re-
ported to suppress EMT and promote proliferation of in-
testinal epithelial cells [9]. It has been reported that miR-
200b targets E-box-binding homeobox (ZEB) 1, which is 
involved in regulation of E-cadherin expression in gastric 
carcinoma [10]. Although it has been demonstrated that 
miR-200b promotes CRC cell proliferation through sup-
pressing reversion-inducing cysteine-rich protein with 
Kazal motifs (RECK) [11], the relationship between miR-
200b and EMT of CRC cells remains undefined. Here, we 
sought to reveal the role of miR-200b in EMT and CRC 
cell migration, and the potential underlying molecular 
mechanisms.

Rho proteins are important signaling molecules as a 
member of Rnd subfamily. Although RhoE lacks GTPase 
activity, it can bind GTP. These features give RhoE many 
unique functions that are different from other members 
of Rho family [12]. In recent years, it has been confirmed 
that Rho proteins show abnormal expression in many 
malignancies, such as colorectal cancer, breast cancer, 
stomach cancer, HCC, and pancreatic cancer. It has also 
been found that abnormal expression of Rho proteins was 
closely related to the tumor occurrence，invasion and 
metastasis [13]. Bioinformatic predictions have suggested 
that RhoE may be a target gene of miR-200b. However, 
there are few reports about the relationship between 
RhoE and miR-200b.

In this study, we studied the impact of miR-200b on the 
EMT-associated markers E-cadherin and vimentin in the 
colorectal cancer cell lines SW620 and HT-29, by treat-
ing the cells with miR-200b mimics and inhibitors. We 
also identified that miR-200b can inhibit EMT by regu-
lating RhoE expression. Luciferase reporter assays were 
employed to detect downstream targets of miR-200b. We 
also investigated the impact of RhoE and miR-200b on 
cell migration. This study provides more clues regarding 
the molecular mechanism of miR-200b in CRC, and iden-
tifies novel targets of colon cancer treatment. 

Materials and methods

Cell culture
Human CRC cell lines SW620 and HT-29 were ob-

tained from American Type Culture Collection (ATCC, 
Manassas, VA, USA). All cell lines were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, Invitro-
gen, CA, USA), supplemented with penicillin (100 U/mL, 
Gibco, CA, USA), streptomycin (100 μg/mL, Gibco, CA, 
USA) and 10% fetal bovine serum (FBS) in an humidified 
incubator (37 ℃, 5% CO2).

Cell transfection
For cell transfection, miR-200b mimics, miR-200b 

inhibitors, and a negative control were designed by and 
purchased from RiBoBio Company (Guangzhou, China). 
Transfections of miRNAs were performed using Lipo-
fectamine2000 (Invitrogen, CA, USA) according to the 
manufacturer’s protocol. After 6 hours, the culture me-
dium was replaced with fresh DMEM. Total RNA and 
protein were prepared 48 hours after cell transfection for 
analysis by qRT-PCR or western blot, respectively. 

Western blot
Western blotting was performed in accordance with 

standard procedures. Briefly, whole proteins were ob-
tained from cell pellets lysed in RIPA buffer (Santa Cruz, 
USA) after required treatments, and were separated on 
10% SDS-PAGE gels. The proteins were transferred onto 
PVDF membranes (Millipore, USA) which were blocked 
1 h with 5% skim milk at room temperature (25 ℃) and 
incubated with primary antibodies overnight at 4 ℃. E-
cadherin antibody was purchased from BD Bioscience 
(USA). Vimentin antibody, MMP-2 antibody, MMP-9, 
and GAPDH antibodies were purchased from Cell Sig-
naling Technology (USA). RhoE antibody was purchased 
from R&D System. After washing with TBST (TBS + 0.1% 
TWEEN-20) three times, the membranes were incubated 
with horseradish peroxidase-conjugated secondary anti-
bodies (Santa Cruz, USA) for 60 minutes at room tem-
perature. Signals were visualized using the ECL system 
(Millipore, USA). GAPDH was detected as an internal 
control. Protein expression levels were quantified using 
ImageJ software (National Institute of Health, MA, USA) 
[14].

Quantitative real-time PCR
Total RNA, including miRNAs, was isolated from cells 

using TRIzol reagent (Invitrogen, USA) after required 
treatments according to the manufacturer’s instructions. 
From 2.0 μg of total RNA, complementary DNA (cDNA) 
was randomly primed in a final volume of 20 μL using the 
RevertAidTM First Strand cDNA Synthesis Kit (Fermentas, 
Canada). Human GAPDH was amplified as an internal 
control. Quantitative real time-PCR reaction was con-
ducted using ABI SYBR Green Master Mix (Applied Bio-
systems). Quantitative PCR (95 ℃ for 10 min, 40 cycles 
of 95 ℃ for 15 s, and 60 ℃ for 1 min) was performed with 
the ABI Step OnePlusTM system (Applied Biosystems). For 
miRNA analysis, real time PCR was performed as above. 
All miRNA data were expressed relative to a U6 small nu-
clear (sn) RNA (RiBoBio Company, Guangzhou, China). 
The 2–ΔΔCt method was employed to process the data rela-
tive to U6 or GAPDH.

The PCR primer sequences were: RhoE: Forward: 
5’-ATAGAGTTGAGCCTGTGGGACAC-3’; Reverse: 5’-
AGGGTCTCTGGTCTACTGATGTC-3’; GAPDH: For-
ward: 5’-TGCACCACCAACTGCTTAGC-3’; Reverse: 5’-
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GGCATGGACTGTGGTCATGAG-3’. 

miRNA target prediction and Luciferase  
reporter assay

miR-200b targets were predicted based on miRanda 
(http://www.microrna.org), TargetScan (http://www.
Targetscan.org), and PITA (http://genie.weizmann.ac.il/
pubs/mir07) [15–17]. Many different target genes were pre-
dicted. Among these targets, we focused on one gene, 
RhoE (RND3), which has been shown to have a major 
role in the control of the actin cytoskeleton, influencing 
migration by changing cell motility [18].

A luciferase reporter assay was employed to validate 
whether RhoE was the direct target gene of miR-200b. 
The 3’-UTRs of RhoE were amplified by PCR using hu-
man genomic DNA. These were cloned into the XhoI site 
downstream of the luciferase coding region in the pGL3 
vector (Promega, Madison, WI, USA). A pGL3 construct 
containing 3’-UTRs of RhoE with mutant seed sequences 
of miR-200b was also synthesized. For the luciferase as-
say, human HEK293T cells were seeded in DMEM sup-
plemented with 10% FBS in 96-well plates and transfect-
ed with either pGL3 or pGL3-miR-200b vector (100 ng) 
and wild type or mutant 3’-UTR of RhoE (10 ng) using 
Lipofectamine-2000. Cells were harvested 48 hours after 
transfection. The Dual-Luciferase reporter assay system 
(Promega, WI, USA) was utilized for luciferase activity 
assay. All experiments were performed 3 times and the 
relative reporter activity was obtained following normal-
ization to Renilla control luciferase activity.

Establishment of RhoE knockdown stable  
cell lines

To establish stable RhoE knockdown cell lines, SW620 
and HT-29 cells were seeded in 6-well plates and trans-
duced with RhoE-knockdown- or negative-control-lenti-
viruses (GenePharma, Shanghai, China). Lentiviral infec-
tion was carried out according to operation instructions.

Immunofluorescence assay
The cells were fixed with 4% paraformaldehyde, 

blocked with 3% bovine serum albumin (BSA) for half an 
hour, and then incubated with anti-E-cadherin primary 
antibody for 2 hours at room temperature. After rinsing 
washing times with PBS, the cells were incubated with 
second antibody conjugated with fluorescein isothiocya-
nate (FITC) for 1 hour at room temperature. Subsequent-
ly, the nuclei were counterstained with DAPI. Images 
were captured under a fluorescent microscope (Olympus 
BX51, Olympus, Japan) and analyzed using ImageJ soft-
ware (National Institute of Health, MA, USA) [14].

Cell migration assay
For migration assay, Transwell migration chambers 

with 8 μm pore size (Corning, NY, USA) were used. Brief-
ly, suspended cells in serum-free medium (1 × 105) were 
placed on each upper chamber, and 500 μL medium with 
10% FBS was added to the bottom chamber in a 5% CO2 
humidified incubator. After incubation for 24 hours at 37 
℃, the cells on the upper surface of the trans-well mem-
brane were removed using a cotton swab. The migrated 
cells on the reverse side were fixed in methanol, stained 
with crystal violet and photographed under a microscope 
(100 × magnification). Six random fields from each tripli-
cate membrane were imaged and the number of migrant 
cells counted for each experimental group.

Statistical analysis
All data were expressed as mean ± SEM. The difference 

among treatment groups was analyzed by Student’s t-test 
or one-way ANOVA followed by Student-Newman-Keuls 
(SNK) test (SPSS 19.0 statistical software). P-value < 0.05 
was regarded statistically significant.

Results

miR-200b regulated expression of E-cadherin 
and vimentin in CRC cells

Loss of E-cadherin expression and increased vimen-
tin expression are important markers of EMT. To vali-
date whether miR-200b regulates EMT of CRC cells, we 
characterized the expression levels of E-cadherin and vi-
mentin in SW620 and HT-29 cell lines by transfecting 
with miR-200b mimics, miR-200b inhibitors, or miR-n.c. 
(negative control). As shown in Fig. 1, overexpression of 
miR-200b (treatment with miR-200b mimics) led to up-
regulation of E-cadherin and down-regulation of vimen-
tin compared to negative control in SW620 and HT-29 
cell lines (P < 0.05). Moreover, transfection with miR-
200b inhibitor resulted in reduction of E-cadherin and 
elevation of vimentin (P < 0.05). These data showed that 
miR-200b regulates the expression of E-cadherin and vi-
mentin, and inhibited EMT of CRC cells. 

Metalloproteinase (MMP)-9 and MMP-2 are involved 
in ECM remodeling and angiogenesis and associated with 
cancer progression [19]. We also investigated the effects 
of miR-200b on MMP-2/9 in our study. We found that 
MMP-9 and MMP-2 were dramatically decreased in CRC 
cells after transfection with miR-200b mimics (P < 0.05). 
On the contrary, miR-200b inhibitor treatment signifi-
cantly increased the expression MMP-9/2 protein (P < 
0.05), suggesting that miR-200b also regulates the expres-
sion of MMP-9/2.

miR-200b targeted RhoE
 Using online miRNA target prediction databases (Tar-

getscan, miRNA.org and PITA), we predicted a great 
number of target genes of miR-200b. Among these target 
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genes, we identified on RhoE, which is involved in cell 
motility and migration [20]. To validate whether RhoE was 
the direct target gene of miR-200b, we cloned lucifer-
ase reporter vectors containing the full length 3’-UTR of 
RhoE. Relative luciferase activity was significantly sup-
pressed in HEK293T cells co-transfected with miR-200b 
and wild type 3’-UTR of RhoE (P < 0.05, Fig. 2). The data 
confirm that RhoE is the target gene of miR-200b.

Moreover, as shown in Fig. 2a, we also identified two 
predicted target sites of miR-200b: the site 1 was from 
nucleotides 1584 to 1591, and site 2 was from nucleo-
tides 1729 to 1735 in 3’-UTR of RhoE. To analyze which 
predicted site was targeted by miR-200b, we generated a 
wild type RhoE 3’-UTR reporter construct and 2 mutated 
RhoE 3’-UTR reporter constructs. The first one contained 
predicted target site 1 and the second one contained site 
2. As shown in Fig. 2b, luciferase activity was significant-
ly suppressed in HEK293T cells co-transfected with miR-
200b and the wild type 3’-UTR of RhoE. In contrast, the 
first mutant reporter construct led to a smaller decrease 
in luciferase activity in miR-200b-transfected HEK293T 
cells (P < 0.05). The second mutant reporter construct 
led to slightly decreased luciferase activity in miR-200b-
transfected HEK293T cells, although this did not reach 
statistical significance (Fig. 2b, P > 0.05). These results re-
veal that both predicted target site 1 and 2 in 3’-UTR of 
RhoE are target sites of miR-200b.

The effect of miR-200b on endogenous expression of 
RhoE was subsequently examined by western blot (Fig. 
3) in CRC cells lines. Transfection of miR-200b mimics 

resulted in a strong decrease of RhoE protein in SW620 
and HT-29 cells (P < 0.05). However, transfection of miR-
200b inhibitor up-regulated RhoE expression (P < 0.05). 
These findings demonstrate that miR-200b negatively 
regulates the RhoE expression. 

RhoE knockdown inhibits EMT in CRC cell lines
Next, to test whether RhoE expression affected miR-

220b regulated EMT in SW620 and HT-29 cells, we 
knocked down the expression of RhoE in SW620 and HT-
29 cells. As shown in Fig. 4, the expression level of RhoE 
was significantly reduced in RhoE-knockdown cells com-
pared to the negative control in the two cell lines (P < 
0.05). RhoE knockdown resulted in increased E-cadherin 
and decreased vimentin expression (P < 0.05). Further-
more, miR-200b mimic transfection in RhoE-knockdown 
cells resulted in further down-regulated RhoE, up-regu-
lated E-cadherin and down-regulated vimentin expres-
sion compared to the negative control (P < 0.01). The re-
sults in SW620 and HT-29 cell lines were consistent.

Immunofluorescence labeling with an anti-E-cadherin 
antibody demonstrated similar results (Fig. 3b). When 
RhoE expression was silenced in SW620 cells, E-cad-
herin expression was markedly increased compared with 
the negative control. Furthermore, miR-200b mimic 
transfection led to more obviously decreased E-cadherin 
expression in RhoE-knockdown SW620 cells. Taken to-
gether, these data demonstrate that RhoE expression was 
negatively regulated by miR-200b, which might regulate 
EMT process by targeting RhoE.

Fig.  1  Effect of miR-200b on E-cadherin, 
vimentin, MMP-2 and MMP-9 in SW620 and 
HT-29 cells. (a and c) SW620 and HT-29 
cells were transfected with miR-200b n.c., 
miR-200b mimics and miR-200b inhibitor. 
Western blot analysis detected protein ex-
pression of E-cadherin, vimentin, MMP-2, 
MMP-9 and control GAPDH protein levels. (b 
and d), Densitometry analysis of E-cadherin, 
vimentin, MMP-2 MMP-9 and control GAPDH 
protein levels in SW620 and HT-29 cells. * P 
< 0.05, compared with negative control of E-
cadherin; # P < 0.05, compared with negative 
control of vimentin; & P < 0.05, compared with 
negative control of MMP-2; ▲ P < 0.05, com-
pared with negative control of MMP-9
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Reduced miR-200b levels induced EMT  
in result of control CRC cells migration

We further investigated the influence of miR-200b 
and RhoE on CRC cell migration by using trans-well mi-
gration assay. As shown in Fig. 5, we found that miR-
200b inhibitor transfection of SW620 cells promoted cell 
migration compared to negative control (P < 0.05). RhoE 
knockdown dramatically decreased SW620 cell migration 
compared to the negative control (P < 0.05), indicating 
that down-regulation of RhoE expression suppresses cell 
migration. Moreover, treatment with miR-200b mim-
ics further reduced migrated RhoE-knockdown-SW620 
cells compared to the negative control transfected RhoE 
knockdown-SW620 cells (P < 0.05). Our data demonstrate 
that miR-200b overexpression and RhoE knockdown in-
hibit cell migration. miR-200b may suppress CRC cell mi-
gration by down-regulating RhoE.

Discussion

Cancer metastasis remains a primary reason of 
colorectal cancer-related mortality. EMT is recognized as 

the initiation step of cancer metastasis and is linked to 
malignant conversion of cancer cells [21]. EMT is charac-
terized by the decreased E-cadherin and increased of vi-
mentin expression. Although it is known that miR-200b, 
as a member of miR-200 family, is a powerful regulator 
of EMT in several cancer types, there little data regarding 
miR-200b in CRC. In the current study, we found that 
treatment of cells with miR-200b mimics led to up-regu-
lation of E-cadherin and down-regulation of vimentin, 
whereas treatment of miR-200b inhibitor exhibited op-
posing effects on expression of E-cadherin and vimentin. 
We also found that miR-200b suppressed EMT of CRC 
cell. This finding is in agreement with a previous report 
showing that miR-200b suppresses EMT in intestinal epi-
thelial cells [9]. 

MMP-9/2 play positive roles in remodeling of extra-
cellular matrix and angiogenesis, thus they are closely 
associated with cancer progression [22–23]. MMP-9/2 have 
reported to be elevated in CRC tissue compared to normal 

Fig.  2  miR-200b targets RhoE. (a) Two putative binding sites of miR-
200b at position of 1584–1591 and 1729–1735 regions in RhoE 3’-UTR 
region were predicted by TargetScan. The mutated versions by sites mu-
tagenesis were also shown. (b) Effect of 2 mutated RhoE 3’-UTR reporter 
constructed on luciferase activity. Luciferase reporter assay detected the 
luciferase activity in HEK293T cells co-transfected with miR-200b, and 
wild type or mutant 3’-UTR of RhoE. * P < 0.05, compared with negative 
control

Fig.  3  Effect of miR-200b on endogenous expression of RhoE in 
SW620 and HT-29 cells. (a) Detecting the protein expression of RhoE in 
SW620 and HT-29 cells transfected with miR-200b-n.c., miR-200b mim-
ics and miR-200b inhibitor by western blot. (b) Densitometry analysis of 
RhoE protein in SW620 and HT-29 cells transfected with miR-200b-n.c., 
miR-200b mimics and miR-200b inhibitor, respectively. RhoE protein was 
significantly down-regulated by miR-200b mimics, but was elevated by 
miR-200b inhibitors. * P < 0.05, compared with miR-n.c. (c) Detecting the 
expression of RhoE mRNA in SW620 and HT-29 cells transfected with 
miR-n.c. and miR-200b mimics, respectively. * P < 0.05, compared with 
miR-n.c.
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Fig.  4  Effect of RhoE silencing on E-cad-
herin and vimentin in SW620 and HT-29 cells. 
(a) Western blot analysis of RhoE, E-cadherin, 
vimentin after RhoE knockdown with lentivirus 
transfection. RhoE knockdown cells were trans-
fected with miR-200b mimics or miR-200b n.c. (1, 
n.c.-knockdown; 2, RhoE-knockdown; 3, RhoE-
knockdown + miR-n.c.; 4, RhoE-knockdown + 
miR-200b mimics). (b) Densitometry analysis of 
RhoE, E-cadherin and vimentin. * P < 0.05, ** P 
< 0.01, compared with negative control. (c) Im-
munofluorescent analysis with anti-E-cadherin 
antibody. RhoE knockdown SW620 cells were 
transfected with miR-200b mimics or miR-200b 
n.c. Expression of E-cadherin was observed by 
phase contrast microscopy (x 200)

Fig.  5  Influence of miR-200b on migration of SW620 and HT-29 cells. (a) Transwell migration system was used to evaluate cell migration. The mi-
grated cells were observed by phase contrast microscopy (x 100). (b) Quantitative analysis of average numbers of migrated cells for each condition. * 
P < 0.05, compared with negative control
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tissue [24]. In our study, the expression of both MMP-9 and 
MMP-2 was decreased in response to miR-200b mimics, 
but were increased in response to miR-200b inhibitor 
treatment. This indicates that expression of MMP-9/2 
might be negatively regulated by miR-200b, potentially 
preventing EMT via regulation of MMP-9/2.

RhoE, an atypical Rho protein, is intimately involved 
with cell migration [25–26]. Its expression is significantly 
correlated with cancer cell invasion, lymph node metas-
tasis, and distant metastasis of CRC, and a poor prognosis 
for patients with CRC. Additionally, the positive rate of 
RhoE is higher in CRC patients than that in normal sub-
jects [27]. Our study showed that RhoE is specifically tar-
geted by miR-200b. In line with our observations, RhoE 
expression has been reported to be reduced by miR-200b 
transfection in HeLa cells [28]. Furthermore, we found two 
target sites of miR-200b in 3’-UTR of RhoE: site 1 from 
nucleotides 1584 to 1591, and site 2 from nucleotides 
1729 to 1735. 

Analysis of western blot results showed that miR-
200b mimic transfection reduced RhoE expression to a 
greater extent in RhoE knockdown cells, confirming that 
miR-200b negatively regulates RhoE expression. More-
over, RhoE knockdown combined with miR-200b mimic 
transfection further up-regulated E-cadherin and down-
regulated vimentin compared to treatment of miR-200b 
mimic transfection alone, as indicated by consistent re-
sults of western blot and immunofluorescence analysis. 
These findings reveal that miR-200b suppresses EMT of 
CRC cells by targeting RhoE. 

It has been previously demonstrated that RhoE expres-
sion is reduced in CRC tissues compared to normal tissues 
and adenomas, and may function as a tumor suppressor 
gene to suppress CRC cell proliferation and growth [29]. 
Our study revealed that RhoE also prohibits cell migra-
tion, as indicated by the observation that RhoE knock-
down decreases migration of SW620 cells. Furthermore, 
miR-200b mimic treatment promoted the effect of RhoE-
knockdown to decrease migration of cells. Our findings 
indicate that miR-200b inhibits migration of cancer cells 
via down-regulating RhoE.

Our findings showed that miR-200b plays a suppres-
sive role in EMT and cellular migration, at least in part 
by inhibiting expression of RhoE. There is evidence that 
RhoE inhibits invasion of cancer cells mediated by RhoA-
ROCK (Rho-associated coil-containing protein kinase) 
pathway [30]. Moreover, overexpression of dominant-neg-
ative N-terminally truncated ROKα, functions as a down-
stream target for RhoA in induced cell spreading of HeLa 
and 3T3 cells [31]. These studies reveal that RhoA-ROCK 
and ROKα might be possible downstream targets of RhoE 
in CRC. More experiments are required to validate and 
extend the results of this study.

Conclusion
In summary, we provide in vitro evidence that miR-

200b suppresses EMT and cell migration, via inhibition 
of RhoE expression in CRC. The study deepens our un-
derstanding of the role of miR-200b in CRC. These data 
collectively suggest that miR-200b and RhoE may serve 
as potential therapeutic targets to reduce CRC migration.
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  As a global public health problem, malignant tumors 
are becoming more common, resulting in a relatively high 
mortality rate and a negative effect on human health. 
Common treatments for malignant tumors include sur-
gery, radiotherapy, chemotherapy, endocrine treatment, 
and biological immunotherapy. Tubiana (1999) reported 
that 45% of malignant tumors could be cured by surgery 
(22%), radiotherapy (18%), and drugs and other methods 
(5%). Thus, radiotherapy is very important in the treat-
ment of malignant tumors [1]. However, radiation could 
damage various cellular components, directly (molecule 
ionization) or indirectly (reactive oxygen species produc-
tion), including DNA. For protection, the irradiated cells 
may have innate defense mechanisms, such as the remov-
al of oxidative stress and damaged cells, and DNA repair 
that may cause tissue or organ dysfunction and malignant 
diseases [2–3]. According to Muller’s data, low doses of ra-
diation can cause dose-proportional detrimental effects, 
such as cancer and heritable genetic mutations, without 
a threshold dose, which has been defined as the “linear-
no-threshold (LNT) hypothesis”. However, the accuracy 

of the LNT hypothesis for estimating cancer risks from 
low dose radiation by experimental and epidemiological 
evidence should be determined [2, 4]. The United Nations 
Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) (1986) reported that LDR refers to a low lin-
ear energy transfer (LET) radiation dose of < 0.2 Gy or a 
high LET radiation dose of < 0.05 Gy, and the radiation 
dose rate should be > 0.05 mGy/min. Increasing experi-
mental and clinical data has identified that LDR could 
induce comprehensive adaptive responses that could im-
prove immunity and enhance the tolerance of normal tis-
sue under radiation. In addition, pre-low-dose radiation 
for cells could increase their sensitivity to acute irradia-
tion at high doses [5–6]. Low-dose hypersensitivity (HRS) 
eliminated potential mutant cells and reduced carcino-
genic risks observed with LDR, and disappeared at doses > 
0.5 Gy [2]. Global research has shown that LDR has shown 
positive results in the treatment of malignant tumors.

Tumor invasion and metastasis are processes involved 
with tumors cells and extracellular matrix components 
(ECM), which provide a significant barrier to tumor cell 
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Objective  To investigate the inhibition of low dose radiation (LDR) on S180 sarcomas and its modulation 
of MMP-2 and TIMP-2 in mice.
Methods  S180 subcutaneously implanted tumor model mice were randomly divided into two groups: 
control (N) and low dose radiation (LDR) groups. N mice were sacrificed after 12 h, whereas LDR mice 
were sacrificed after 12 (LDR-12 h), 24 (LDR-24 h), 48 (LDR-48 h), and 72 (LDR-72 h) h. Thereafter, we 
measured the tumor volumes. Histopathology was performed, and P-V immunohistochemistry was applied 
to assess MMP-2 and TIMP-2 expression.
Results  Compared with the control group, the tumor growth was significantly inhibited in the LDR groups 
(P < 0.05). MMP-2 expression was considerably reduced in LDR-24h (P < 0.05) and LDR-48h (P < 0.05), 
whereas the change of TIMP-2 was not obvious in the LDR groups (P > 0.05) in contrast to that of the 
control group.
Conclusion  LDR can effectively suppress the growth of S180 implanted tumors by reducing MMP-2, 
which is associated with invasion and metastasis.
Key words:  MMP-2; TIMP-2; low dose radiation; S180 sarcoma
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invasion [7]. Numerous clinical and experimental stud-
ies have demonstrated that matrix metalloproteinases 
(MMPs), especially MMP-2 and MMP-9, play a key role 
in tumor cell invasion and metastasis due to their abil-
ity to degrade type IV collagen, a major component of 
the ECM [8]. As inactive pro‑enzymes in a latent zymo-
genic form, MMP-2 and MMP-9 were activated by other 
MMPs or proteases and inhibited by specific inhibitors, 
and tissue inhibitors of metalloproteinases (TIMPs); and 
TIMP-2 specifically inactivated MMP-2. Consequently, 
the imbalance of MMP-2 and TIMP-2 may be the criti-
cal decisive factor for tumor progression and recurrence 
in cancer [7–8]. The overall aim of the present experiment 
was to study the relationship between LDR and MMP-
2 and TIMP-2 expression, so that the antitumor mech-
anisms of LDR could be determined to provide an en-
hanced theoretical guide for its clinical application.

Materials and methods

Animals and chemicals
Male Kunming mice (purchased from Qingdao Insti-

tute for Drug Control, China), weight 20–22 g, 3–4 weeks 
old, were raised in specific pathogen free (SPF) conditions 
with unlimited food and water in a laminar flow clean 
bio-frame (License No. SCXK (Lu) 20030010). The mono-
clonal antibodies, MMP-2 (Bioss Biotechnology Co. Ltd) 
and TIMP-2 (Santa Cruz Biotechnology Co. Ltd) were 
rabbit anti-human immunoglobulin IgG1. 

Cell lines and culture
S180 sarcoma cell lines were obtained from the Medical 

Pharmaceutical Research Institute, Shandong Province, 
China, and generated for 7 days in the abdomen of the 
mice. After S180 sarcoma cells were passaged intraperito-
neally in two passages, the abdomen dropsy was drowned 
off to collect the tumor cells that were made into a single 
cell suspension of 6.5 × 107 mL. Later, we implanted 6.5 × 
106 S180 sarcoma cells (0.1 mL) subcutaneously into the 
right inguen of the mice.

Radiation conditions
The tumor growth was observed when the mice were 

conventionally cultured with unlimited food and water 
for 7 days. Then, they were randomly divided into two 
groups: low dose radiation (LDR) and control (N). All the 
mice in the LDR group were exposed to 75 mGy of whole-
body radiation via a cobalt-60 radiation machine (Xinhua 
Medical-equipment Company of Shandong Province). 
The mice were placed into wooden boxes (15 × 15 × 35 
cm), and a lead plate (15 × 15 cm) was placed between the 
source and box to filter the radiation at a source skin dis-
tance of 160 cm, a radiation field of 45 × 45 cm, dose rate 
of 15.9 mGy/min, and exposure time of 4.72 min.

Specimen collection
Seven days after the mice were implanted with tu-

mors, the maximum horizontal diameter, a (cm), and ver-
tical diameter, b (cm), of the tumors were measured twice 
with a slide gauge to determine the average tumor size, 
and mice with tumors that were too large (ab > 1.5 cm2) 
or too small (ab < 0.40 cm2) were excluded. The formula 
of V = l/2 ab2 was used to calculate the average tumor 
sizes. Mice in the LDR group were exposed to 75 mGy of 
whole-body radiation when there was no difference in 
the sizes of the tumors between the LDR and N groups. 
Then, the mice of the two groups were sacrificed at 12, 
24, 48, and 72 h.

Tumor growth
The tumor tissue was exposed after the mice were sac-

rificed at 12, 24, 48, and 72 h, and the average volumes of 
tumors according to the above methods were calculated.

Detection of the MMP-2 and TIMP-2 level by 
PowerVision two-step immunostaining

(1) The tissues were fixed in 10% neutral formalin, 
and tumor cells were extracted using an automatic tissue 
hydroextractor, then flushed with water for at least 4 h 
and embedded in paraffin; (2) The tissues were sliced into 
1–2 µm thick sections, and placed into a 60 °C thermo-
tank overnight; (3) The paraffin sections were dewaxed 
with xylene, and hydrated with an ethanol gradient; (4) 
The sections were cooled at room temperature, and then 
placed into a potassium citrate solution (pH 6.0) in an au-
toclave for 5 min; (5) The sections were washed 3 times 
for 3 min each using a PBS buffer; (6) The sections were 
incubated for 80 min at 37 °C with the primary antibody 
(monoclonal antibodies of the rabbits); (7) The sections 
were washed 3 times for 3 min each using a PBS buffer; 
(8) The sections were incubated for 30 min at 37 °C with 
the second antibody; (9) The sections were washed 3 
times for 3 min each using a PBS buffer; (10) The sections 
were dyed with a DAB stain; (10) The slides were washed 
with the running water, stained with hematoxylin and 
dehydrated with alcohol, then cleared in xylene and fixed 
in neutral balata. In addition, we replaced the primary 
antibody with a buffer as a negative control.

Semi-quantitative assay of MMP-2 and TIMP-2
The cells were counted using a high power microscope 

(× 200). According to the light or dark colors of the im-
munoreactive substances and the percentage of positive 
cells, the expression intensity of MMP-2 and TIMP-2 
was divided into the following four categories: When the 
percentage of positive cells was < 5% , it was (–); when 
the positive cells were 5%–25% and the cells were slight-
ly dyed, it was (+); when the positive cells were 26%–50% 
and tan particles were observed, it was (2+); when the 
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positive cells were > 50% and stained stronger, it was 
(3+).

Statistical analysis
PPMS 1.5 was used for the statistical analysis. Quanti-

tative data were expressed by mean ± standard deviation 
(χ ± s) and analyzed with a t-test. Semi-quantitative data 
were analyzed by Ridit scoring.

Results

The influence of LDR on the general condition 
of the mice 

After receiving irradiation from 12 to 72 h, it was ob-
served that the mice in the LDR groups were in a better 
mental state, more active, and ate more food than those 
in the N group.

The inhibition of tumor growth by LDR
After receiving low dose radiation, the tumor size was 

calculated at 12, 24, 48, and 72 h, as shown in Table 1. 
Compared with tumor size in the N mice, the tumor size 
of LDR mice was smaller, and there was a significant dif-
ference between the LDR-72 h and N groups (P < 0.05).

Effects of low dose radiation on MMP-2 
and TIMP-2

The results showed that the MMP-2- and TIMP-2-
positive stained cells that displayed granular brown sub-
stances in the cell membrane and cytoplasm were mainly 
tumor cells and interstitial cells adjacent to the tumor 
cells. The positive expression of MMP-2 and TIMP-2 was 
uneven with sheet and focal distributions. The data from 
the half-quantitative assay showed that MMP-2 expres-
sion was significantly different between LDR-24 h and 
LDR-48 h, and N (P < 0.05), whereas the variation in 
TIMP-2 was not obvious (P > 0.05) in contrast to N, as 
shown in Tables 2 and 3, and the microscopic observation 
(× 400) is shown in Fig. 1–4.

Discussion

Recently, radiation has been used as a powerful tool in 
the therapy of malignant tumors, but high dose radiation 
can have harmful effects on normal cells [9]. The LNT hy-
pothesis, which has been accepted by regulatory agencies 

worldwide, indicates that every radiation dose, no matter 
how low, is harmful to humans without a threshold. How-
ever, based on global data, especially Japanese A-bomb 
survivor data, it has been widely accepted that no statisti-
cally significant risk has been demonstrated in humans 
when exposed to doses < 100 mGy. Consequently, LDR 
could be used successfully in tumor treatment because of 
its ability to induce a stress response in cells, which reduc-
es the risk of spontaneous and radiation-induced disease 

[9–11]. Extensive research shows that mammals, including 
humans, exposed to low-dose radiation can induce com-
prehensive adaptive responses, and reduce and suppress 
tumorigenesis. Nevertheless, the mechanism of tumori-
genesis is unclear. It could be due to the activation of cell 
signaling, causing the production of a series of enzymes 
or proteins, regulating the expression of related genes, re-

Table  1  Effects of low dose radiation on tumor growth (cm3)

Group n Tumor volumes
12 h 24 h 48 h 72 h

N 0.3875 ± 0.26 0.3980 ± 0.31 0.4155 ± 0.33 0.5246 ± 0.36 0.7173 ± 0.35
LDR 0.3966 ± 0.22 0.3841 ± 0.30a 0.4037 ± 0.29b 0.4157 ± 0.31c 0.4108 ± 0.27d

a Compared with N, t = 0.09, P > 0.05; b Compared with N, t = 0.08, P > 0.05; c Compared with N, t = 0.72, P > 0.05; d Compared with N, t = 2.19, 
P < 0.05

Table  2  The effects of LDR on MMP-2
Irradiation    
  time (h) 　Group Counts

– + ++ +++ Sum
12 N 1 5 4 0 10

LDR-12 h 4 3 1 0 8a

24 N 1 5 4 0 10
LDR-24 h 6 3 1 0  10b

48 N 1 4 4 1 10
LDR-48 h 6 2 2 0  10c

72 N 2 6 2 0 10
　 LDR-72 h 6 3 1 0  10d

a Compared with N, u = 1.86, P = 0.06 > 0.05; b Compared with N, u = 
2.30, P = 0.02 < 0.05; c Compared with N, u = 2.15, P = 0.03 < 0.05; 
d Compared with N, u = 1.65, P = 0.10 > 0.05

Table  3  The effects of LDR on TIMP-2
Irradiation 
time (h) Group Counts

– + ++ +++ Sum
　 　
12 N 3 4 3 0 10

LDR-12 h 3 3 2 0  8a

24 N 2 4 3 1 10
LDR-24 h 4 6 0 0  10b

48 N 3 4 3 0 10
LDR-48 h 2 7 1 0  10c

72 N 2 5 1 1 10
　 LDR-72 h 3 6 0 1  10d

a Compared with N, u = 0.33, P = 0.74 > 0.05; b Compared with N, u = 
1.81, P = 0.07 > 0.05; c Compared with N, u = 0.29, P = 0.77 > 0.05;  
d Compared with N, u = 0.60, P = 0.55 > 0.05
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moving damaged cells through apoptosis, decreasing free 
radicals, and DNA repair after injured or increasing their 
sensitivity to acute irradiation at high doses [12–13].

Previous studies by our team found that LDR stimu-
lated the growth of normal cells but not tumor cells in 
vitro and in vivo [6], and could reverse ovarian cancer cis-
platin resistance by decreasing DNA damage repair and 
promoting apoptosis. Pre-chemotherapeutic LDR could 
induce anti-oxidative enzyme activities, and promote the 
elimination of free radicals to alleviate the damaging ef-
fects of oxidative stress to hepatic tissue caused by high-
dose chemotherapeutics [14]. However, the relationship 
between LDR and cancer metastasis should be researched 
further.

The invasion and metastasis of neoplasm is a complex 
and multi-step continuous process that involves multiple 
genes, especially the MMP family. In this family, MMP-2 
and MMP-9 have been widely studied and play an im-
portant role in ECM degradation. The TIMPs have the 
ability to block the function of MMPs, and the imbalance 
between MMPs and TIMPs is the principal cause of inva-
sion and metastasis. As MMP-2, which could be specifi-
cally inhibited by TIMP-2, is closely related to the tumor 
invasion and metastasis [15–17] ,we examined the changes of  
MMP-2 and TIMP-2 expression after exposure to LDR to 

elucidate the relationship between LDR and cancer me-
tastasis or invasion.

In the present study, we explored the effect of LDR on 
mice bearing S180 sarcomas by measuring the tumor vol-
umes and detecting  MMP-2 and TIMP-2 expression level 
by P-V immunohistochemistry. As expected, the results 
showed that tumor growth with LDR was significantly in-
hibited, and MMP-2 expression was considerably reduced 
in LDR-24 h and LDR-48 h. Therefore, LDR inhibited 
tumor growth and reduced MMP-2 expression. MMP-2 
plays an important role in the invasion and metastasis of 
neoplasm, therefore, it is possible that LDR could inhibit 
tumor invasion and metastasis by reducing MMP-2 ex-
pression. Unfortunately, TIMP-2 expression varied after 
LDR exposure, but not significantly. It is possible that 
MMP-2 expression could be inhibited by factors other 
than TIMP-2, but this is unclear and further research is 
necessary to elucidate these relationships. However, this 
experiment provides a new mechanism where LDR could 
suppress tumor growth and inhibit tumor invasion and 
metastasis, which suggests that LDR would be suitable in 
clinical applications.

Conflicts of interest
The authors indicated no potential conflicts of interest.

Fig.  1  The expression of MMP-2 in the control (N)

Fig.  2  The expression of MMP-2 in mice exposed to low dose radiation 
for 48 h (LDR-48 h)

Fig.  3  The expression of TIMP-2 in the control (N)

Fig.  4  The expression of TIMP-2 in mice exposed to low dose radiation 
for 48 h (LDR-48 h)



131Oncol Transl Med, June 2016, Vol. 2, No. 3

References

Yu JM, Xing LG, Status and Prospects of Radiaton Oncology in Chi-
na. China J Cancer Prev Treat, 2003, 10: 13–16.
Seong KM, Seo S, Lee D, et al. Is the linear no-threshold dose-re-
sponse paradigm still necessary for the asessment of health effects of 
low dose radiation? J Korean Med Sci, 2016, 31: s10–23.
Goodhead DT. Understanding and characterisation of the risks to 
human health from exposure to low levels of radiation. Radiat Prot 
Dosimetry, 2009,137: 109–117.
Dauer LT, Brooks AL, Hoel DG, et al. Review and evaluation of up-
dated research on the health effects associated with low-dose ionis-
ing radiation. Radiat Prot Dosimetry, 2010, 140: 103–136.
Wang SK, Jiang G, Yu HS, et al. Effect of low-dose X-ray radiation 
on adaptive response in gastric cancer cell. Chinese-German J Clin 
Oncol, 2013, 12: 171–174.
Yu H, Liu N, Wang H, Shang Q, et al. Different responses of tumor 
and normal cells to low-dose radiation. Contemp Oncol (Pozn), 2013, 
17: 356–362.
Ricci S, Bruzzese D, DI Carlo A, et al. Evaluation of MMP-2, MMP-9, 
TIMP-1, TIMP-2, NGAL and MMP-9/NGAL complex in urine and sera 
from patients with bladder cancer. Oncol Lett, 2015, 10: 2527–2532.
Roomi MW, Kalinovsky T, Niedzwiecki A, et al. Modulation of u-PA, 
MMPs and their inhibitors by a novel nutrient mixture in pediatric hu-
man sarcoma cell lines. Int J Oncol, 2013, 43: 1027–1035. 
Kim RK, Kim MJ, Seong KM, et al. Beneficial effects of low dose ra-
diation in response to the oncogenic KRAS induced cellular transfor-
mation. Sci Rep, 2015, 5: 15809.
Mitchel RE. Adaption by low dose radiation exposure: a look at scope 
and limitations for radioprotection. Dose Response, 2015, 13: dose-
response.14-025.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Zeng G, Day TK, Hooker AM, et al. Non-linear chromosomal inver-
sion response in prostate after low dose X-radiation exposure. Mutat 
Res, 2006, 602: 65–73. 
Sun WH, Yu HS, Shang QJ. The effect of pre-low-dose X-ray radia-
tion on tumor inhibition of HepG2 cells in tumor-bearing nude mice. 
Chinese-German J Clin Oncol, 2012, 6: 340–343.
Liu J, Yu HS, Shang QJ. The effects of low-dose splenic irradiation 
and radiotherapy on immune system of patients with locally advanced 
non-small cell lung cancer. Chinese-German J Clin Oncol, 2012, 2: 
51–55.
Yu HS, Song AQ, Liu N, et al. Effects of low Dose Pre-irradiation on 
the toxicity of Cyclophosphamide. Chinese-German J Clin Oncol, 
2011,  2: 70–76.
Song C, Zhu S, Wu C, et al. Histone deacetylase (HDAC) 10 sup-
presses cervical cancer metastasis through inhibition of matrix metal-
loproteinase (MMP) 2 and 9 expression. J Biol Chem, 2013, 288: 
28021–28033.
Li HL, Han L, Chen HR , et al. PinX1 serves as a potential prognostic 
indicator for clear cell renal cell carcinoma and inhibits its invasion 
and metastasis by suppressing MMP-2 via NF-κB-dependent tran-
scription. Oncotarget, 2015, 6: 21406–21420.
Han X, Yan DM, Zhao XF, et al. GHGKHKNK octapeptide (P-5m) 
inhibits metastasis of HCCLM3 cell lines via regulation of MMP-2 
expression in vitro and in vivo studies. Molecules, 2012, 17: 1357–
1372.

11.

12.

13.

14.

15.

16.

17.

DOI  10.1007/s10330-016-0156-9
Cite this article as: Jia XM, Yu HS. Modulation of MMP-2 and TIMP-2 
by low dose radiation in mice bearing S180 sarcoma. Oncol Transl Med, 
2016, 2: 127–131.



Oncology and Translational Medicine                                                        June 2016, Vol. 2, No. 3, P132–P137
DOI  10.1007/s10330-016-0134-z

While cancer rates in general are decreasing in the 
United States and many developed countries, they are in-
creasing in developing and economically struggling coun-
tries [1]. Cancers in these regions are much more likely to 
go undetected until advanced stages and a greater propor-
tion of patients will suffer severe symptoms than in high 
income countries [2].

Approximately 80% of cancer patients need palliative 
care and one of the priorities for global cancer research 
identified by the World Health Organization (WHO) 
is the development of effective palliative care delivery 
models [3]. Unfortunately, palliative care in Egypt is in an 
early stage of development with few palliative care activi-
ties available [4] and patients with advanced and end stage 
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cancer have to attend by themselves to assess their condi-
tion and decide on further treatment. On the other hand, 
to effectively treat symptoms of this subset of patients, 
it is important to obtain their opinions directly. When 
these patients self-report their symptoms, the frequency 
and severity data for the symptoms tend to vary signifi-
cantly from those identified by health care providers and 
from the data recorded in charts and on research forms 
[5].

The Edmonton Symptom Assessment System (ESAS) is 
a self-reporting tool of symptom intensity, initially devel-
oped for advanced cancer patients. It is designed to enable 
repeated quantitative measurements of symptom inten-
sity with minimal patient burden [6]. The ESAS includes 
nine common symptoms of advanced cancer, namely 
pain, tiredness, nausea, depression, anxiety, drowsiness, 
appetite, well-being, and shortness of breath, with the 
option of adding a tenth patient-specific symptom not 
provided in the questionnaire [7]. In the original version, 
these nine symptoms were scored using a visual analogue 
scale (VAS), ranging from 0 to 100 mm with higher scores 
indicating greater symptom severity and this version has 
been validated in an outpatient oncology setting [7–8]. 

The VAS format has since been replaced by a numeri-
cal rating scale (NRS) scored between 0 and 10. Ideally, 
the ESAS is completed by patients. However, if the pa-
tient has limitations in completing the questionnaire, 
then it is completed with the assistance of a caregiver (a 
family member, friend, or health professional closely in-
volved in the patient’s care), with the exception of the 
more subjective symptoms of fatigue, depression, anxiety, 
and well-being [9]. The ESAS had been tested and validat-
ed after translation into a number of languages, including 
Spanish, Turkish, Italian, and Arabic [10–13].

The ESAS has some drawbacks that may be related to 
the cultural background of patients, their care givers and 
the medical staff. The test may be not easy for some pa-
tients to understand and others can be confused or unable 
to understand terms such as “well-being,” “tiredness,” and 
“drowsiness” [14–15]. Another drawback is the discrepancy 
in the rating of symptoms between the patient and the 
treating staff (physician or nurse) [8].

Many patients with advanced stage cancer at Depart-
ment of Clinical Oncology, Ain Shams University Hospi-
tals, Egypt, come from remote areas and the majority of 
them have economic and logistic problems in transpor-
tation. There is no dedicated palliative care unit at our 
hospital and patients with advanced cancer and in need 
for palliation are managed in the outpatient clinics. The 
ESAS can be a useful tool to follow these patients at home 
and decrease their visits to hospital.

Based on this, we initiated this study to test the reli-
ability of the ESAS-r in regard to inter-rater reliability 
(physician and patient both completing ESAS at the same 

time, independently) and internal consistency. Also, we 
would like to test the acceptance, feasibility, and useful-
ness of ESAS among Egyptian patients with advanced 
cancer, and to compare the patient and proxy (physician) 
assessments, as this is the first time that our patients have 
completed this questionnaire by themselves.

Patients and methods 

Patients
This study was approved by the ethical committee of 

Ain Shams Faculty of Medicine with exemption from 
informed consent. Patients with advanced stage cancer 
receiving treatment at Department of Clinical Oncology, 
Ain Shams University Hospitals in Cairo, Egypt, between 
August 2014 and February 2015 were enrolled in this 
cross-sectional study. Eligibility criteria included patients 
with metastatic, refractory, or relapsed cancer beyond 
curative treatment, age ≥ 18 years and intact cognitive 
function as assessed by the Arabic version of the Mini-
Mental State Examination (MMSE) [16]. Patients under 
palliative radiotherapy or palliative chemotherapy were 
eligible. Patients were excluded if they had delirium, de-
mentia, uncontrolled psychiatric disease, or symptomatic 
brain metastases. 

Study design
Between August 2014 and February 2015, a total of 

140 patients at Ain Shams University Hospitals in Cairo, 
Egypt received the Arabic version of the revised Edmon-
ton Symptom Assessment System (ESAS-r) [13], which 
is freely available for use online. For each patient, the 
ESAS-r was completed twice, first by the treating physi-
cian after discussion with the patient (as part of the ba-
sic routine assessment) and a second time by the patient, 
with a maximum of 2 hours between the two assessments 
to test the inter-rater agreement. In order to examine the 
acceptance, feasibility, and usefulness, an additional sur-
vey was completed by the patients after answering the 
ESAS-r. It included the following questions. (1) Do you 
find this test useful for you? (2) Were the questions clear 
for you? (3) Were you able to answer all the questions 
without help? (4) Do you prefer to take the test with the 
help of medical staff or a relative? Patients’ demographic 
data was retrieved from their medical records and ECOG 
performance status was assessed for each patient by the 
physician.

Statistical methods
We aimed to test the inter-rater reliability of the test 

as well as the internal consistency. Inter-rater reliability 
is the degree of agreement among raters/observers (in our 
study, the physician and the patient). It was evaluated 
using a T-test. On the other hand, internal consistency 
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is used to measure the homogeneity of the items of the 
tested scale and whether the items are highly correlated 
with each other. Cronbach’s alpha test for internal consis-
tency was evaluated for both the patient-rated and physi-
cian-rated tests. Standard descriptive statistics, including 
mean, median, standard deviation, range, proportion, and 
frequency, together with 95% confidence intervals, were 
calculated using IBM SPSS Statistics (V. 21.0, IBM Corp., 
USA, 2012).

Results

Out of 140 enrolled patients in the study; 11 patients 
refused to complete the questionnaire. Main causes for 
refusal were frustration and thinking their condition was 
hopeless. Some patients were unable to wait 2 hours to 
retake the test, being dependent on other relatives / care 
providers to take them home, an understandable issue 
considering the serious mobility limiting factors in such 
patients. Ten cases were excluded due to incomplete data 
in their medical records. Complete data was retrieved 
from 119 patients who were included for further analy-
ses. A total of 90 patients were interviewed in the out-
patient clinic, and 29 patients were interviewed in the 
inpatient unit. 

Patients’ characteristics 
Regarding the demographic data of the patients (Table 

1), seventy-one (59.7%) were females, the median age 
was 50 years (range from 20–84 years), the most com-
mon primary tumor was breast tumor (28.6%) followed 
by lung tumor (19.3%). Eighty-two (69%) patients had a 
single site of metastasis while 25 (21%) patients had two 
metastatic sites and the remaining 12 (10%) patients had 
≥ 3 metastatic sites. Bone represented the commonest site 
of metastasis. Fifty (42%) of the study population patients 
had ECOG performance status > 2.

Patients’ opinions about the test 
A total of 99 (83%) patients found the test useful for 

their medical condition. The majority of the patients 
(65%) declared that the test was clear. A total of 79 (66%) 
patients were able to answer the test without help; forty 
(34%) patients needed assistance from the researcher or 
a relative to finish the questionnaire, mostly due to illit-
eracy and their level of education (Fig. 1). The illustration 
part of the questionnaire was appreciated by the majority 
of the patients. Only nine (8%) patients reported other 
symptoms.

Inter-rater reliability
Collectively tiredness and sense of well-being were 

the most commonly encountered symptoms in rat-
ings obtained by both patients and physicians (Table 2). 
Tiredness was the only symptom showing a significant 
difference between the two rating methods, patient-rated 
scores being higher (P = 0.032).

Internal consistency
Cronbach’s alpha was then calculated (Table 3), and it 

was found that both tests performed by the physician and 
the patients were internally consistent; the physician-
rated test had a coefficient of 0.877, and the patient-rated 
test had a coefficient of 0.863.

All ESAS-r scores had good internal consistency, with 
a Cronbach’s alpha coefficient of 0.88. The internal con-
sistency remained high after removal of individual symp-
tom scores, with Cronbach’s alpha coefficients ranging 

Table  1  Demographic characteristics of the studied patients
Patient characteristics Number %
Age (year)

≤ 55 64 53.8
> 55 55 46.2

Sex
Male 48 40.3
Female 71 59.7

Primary tumors
Breast 34 28.6
Female genitourinary 10 8.4
Gastrointestinal tract (GIT) 23 19.3
Lung 21 17.6
Male genitourinary 12 10.1
Carcinoma of unknown primary 19 16.0

Number of metastatic sites
Single 82 69.0
Two 25 21.0
Three or more 12 10.0

Metastatic site
Bone 50 42.0
Brain 27 22.7
Liver 29 24.4
Lung 39 32.8
Local recurrence (Breast) 17 14.3

ECOG PS
≤ 2 69 58.0
> 2 50 42.0

Fig.  1  Patients’ opinion about the test
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needed assistance. In a pilot study conducted by Baba and 
colleagues [21], 71% of their 24 patients felt that the ESAS 
was simple to fill in and there were no missing questions. 
In another multicenter study, 160 patients were enrolled, 
and 83% rated the ESAS-r as very easy or easy to under-
stand [17]. However, about 18% of our patients were illit-
erate, and this could explain the lower figures reported in 
the current study. 

Patient assessment of symptoms is considered the 
“gold standard” [22–23]. However, there are some situations 
in which proxy assessments may be helpful or necessary, 
for example when patients over- or under-report their 
symptoms, or when they are mildly to moderately dis-
oriented [8].

There is no regular self-assessment of symptoms by pa-
tients in our department and symptom assessment is done 
mainly by the treating physician. Thus, it was important 
to study the correlation between symptom assessment by 
both physician and patient. In our study, we compared 
the results obtained from the questionnaire performed 
by the physician with that performed by patients in the 
same setting and circumstances (with a maximum of 2 h 
between the assessments). The results were comparable 
with no statistically significant difference in the total 
score (mean score of 35.92 ± 12.63 and 38.23 ± 14.58 for 
physician’s and patients’ completed ESAS-r respectively). 
Both the tests performed by the physician and the pa-
tient showed internal consistency and Cronbach’s alpha 
score for the whole test and individual items showed that 
all ESAS-r scores had good internal consistency, with a 
Cronbach’s alpha coefficient of 0.88. The internal consis-
tency remained high after removal of individual symp-
tom scores, with Cronbach’s alpha coefficients ranging 
from 0.823 to 0.902, indicating that no individual ques-
tion had undue influence on the total ESAS-r score. This 
is in contrast to Nekolaichuk and his colleagues who 
compared patient and proxy (physician and nurse) assess-
ments of symptoms using ESAS in advanced cancer pa-
tients. Their sample included 49 patients with advanced 
cancer in an acute palliative care facility. Every patient 

from 0.823 to 0.902, indicating that no individual ques-
tion had an undue influence on the total ESAS score.

Discussion

To our knowledge, this is the first study to test the 
ESAS on Egyptian patients with advanced cancer at out-
patient oncology clinics outside of a palliative care unit. 
The ESAS was originally developed and applied in the 
palliative care setting. Few studies have evaluated the 
use of the ESAS outside palliative care units or long-term 
hospice facilities. The trials for using the tools to monitor 
symptoms for palliative patients in out-patient settings 
have shown positive results [17–19]. Follwell et al used the 
ESAS in a palliative care outpatient clinic. The adminis-
tration of the ESAS at the initial assessment, one week, 
and one month later showed marked improvement in 
both symptom control and patient satisfaction with care. 
These results are encouraging for the use of the ESAS to 
provide enhanced symptom management for patients not 
requiring inpatient care [20].

The ESAS-r was described as generally clear by 65% 
of our studied patients while 34% found it confusing to 
express the severity of the symptoms in numbers and 

Table  3  Cronbach’s alpha after removal of individual symptom scores 
in the ESAS performed by the physician and the patient

ESAS Cronbach’s alpha if item deleted
 Physician Patient 

Pain 0.850 0.881
Tiredness 0.835 0.867
Drowsiness 0.844 0.880
Nausea 0.854 0.888
Appetite 0.836 0.870
Shortness of breath 0.868 0.902
Depression 0.840 0.873
Anexiety 0.852 0.887
Well-being 0.828 0.863
Other 0.879 N/A

Table  2  ESAS scores obtained by physician and patient ratings
Physician Patients Independent t-test

Mean SD Mean SD t P
Pain 4.34 1.68 4.72 2.15 –1.512 0.132
Tiredness 5.07 1.69 5.61 2.12 –2.163 0.032
Drowsiness 2.18 2.09 2.40 2.43 –0.772 0.441
Nausea 3.03 1.74 3.25 1.95 –0.913 0.362
Appetite 4.61 1.85 5.08 2.14 –1.818 0.070
Shortness of breath 2.76 2.24 2.91 2.38 –0.504 0.615
Depression 3.83 2.18 3.97 2.34 –0.459 0.646
Anexiety 4.24 2.17 4.33 2.24 –0.294 0.769
Well-being 5.87 2.00 5.97 2.14 –0.376 0.707
Total score 35.92 12.63 38.23 14.58 –1.302 0.194
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had three independent assessments on two separate occa-
sions within 11 days of admission. In their study, average 
physician ratings of symptoms were lower than patient 
ratings across both occasions [8]. Other studies [24–28] were 
the work of Nekolaichuk and her colleagues.

In the current study, tiredness score was significantly 
higher in the patient-rated test; this could indicate an 
overestimation of tiredness in advanced cancer patients. 
Hence, when trying to evaluate a case without seeing the 
patient, the measure of tiredness should be interpreted 
with caution. Tiredness should not be underestimated, 
yet it should not be considered the sole item determining 
whether the patient is scheduled for an urgent visit. In 
the study of Nekolaichuk et al, the physician ratings were 
significantly lower (P < 0.01) for three of the symptoms: 
drowsiness, shortness of breath, and pain, but not tired-
ness [8].

We recognize that the use of systematic patient-re-
ported assessment is important to improve palliative care 
for patients with advanced cancer. Improving symptom 
management of cancer patients needs training of health 
care professionals and regular documentation of assess-
ment findings. These changes may be challenging for 
some already overburdened clinical teams. Nevertheless, 
it is likely that such changes can be made: our findings 
suggest that efforts toward incorporating symptom as-
sessment in daily practice should be done because it was 
found that there was a reasonable association between 
patient reporting and clinical impressions of the treating 
physician. 

Palliative care of cancer patients is a growing medical 
specialty in Egypt. There is a need to develop tools and 
methods that are convenient for Egyptian patients to as-
sess the burden of symptoms as well as special training 
programs for physicians to improve the quality of health 
care in different cancer centers.

Conclusion
To our knowledge, this is the first study in Egypt to 

examine the feasibility of using the ESAS-r for reporting 
symptoms in patients with advanced stage cancers. The 
current study showed that self-rating by patients using 
the ESAS-r was well appreciated by patients, was reliable, 
and could be applied on a larger scale with in-home pa-
tients. This test can be cost-effective for deciding wheth-
er to transport patients to hospital versus reporting from 
home while the patient is actually in need of supportive 
treatment rather than active cancer therapy. However, 
more research is necessary to identify the necessary tools 
for making these assessments in the context of different 
symptoms and settings and to develop the training needed 
by health care providers to integrate these tools and the 
information they yield into their clinical practice.
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The growth of a tumor requires a blood supply. Recent 
studies have suggested that the pattern diversity of the tu-
mor blood supply and the biological properties of tumor 
cells play important roles. It is currently thought that the 
mode of tumor blood supply may be one of three types: 
endothelium-dependent vessels, mosaic vessels (MV), or 
vascular mimicry (VM). The relationships between the 
three modes of tumor blood supply are not clear and be a 
focus in numerous future studies.

Tumor blood supply patterns

Endothelium-dependent vessels
Classic angiogenic pathways include vasculogenesis 

and angiogenesis. Vasculogenesis refers to the differen-
tiation of mesoderm-derived hemangioblastomas into en-
dothelial cells, which line the capillaries and are involved 
in microcirculation. Angiogenesis refers to the process 
whereby new blood vessels form from pre-existing vessels 
and concerns the formation of endothelial cells through 
division, blastomycosis, expansion, and extension. Tumor 
angiogenesis involves a variety of cells and molecular in-
teractions, including vascular endothelial basement qual-
ity degradation, endothelial cell migration, endothelial 
cell proliferation, formation of endothelial cell branch 
pipes, and formation of new vascular rings and basement 
membranes. Thus, tumor cells and endothelial cells inter-

act throughout the entire process of tumor angiogenesis.
A number of studies have shown that active substances 

regulate tumor angiogenesis. These substances include a 
series of growth factors, cytokine polypeptides, low-mo-
lecular weight lipids, nucleotides, and vitamins, such as 
vascular endothelial growth factor (VEGF), fibroblast 
growth factors, interleukin-1, and interleukin-8 [1–9]. 
VEGF can directly stimulate endothelial cell migration, 
proliferation, and division, as well as increase micro-
vascular permeability, which plays an important role in 
tumor angiogenesis [10–11]. Moreover, the coordination of 
angiogenesis inhibitors is involved in the process. Under 
normal conditions, equilibrium exists between exces-
sive angiogenesis and inhibition of vascular degeneration 
[12–13].

Vascular mimicry
VM is the generation of microvascular channels with-

out the participation of endothelial cells. In 1999, Mani-
otis et al [14] reported VM for the first time in their study of 
melanoma. The expression of VM was observed by immu-
nohistochemical double staining of CD31 and by periodic 
acid-Schiff staining. Vascular endothelial cells stained by 
the endothelial cell marker CD31 were positive in tumor 
tissues, and the VM vessel wall was surrounded by tu-
mor cells without vascular endothelial cells; thus, CD31 
was marked as negative. The extracellular matrix stained 
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using the periodic acid-Schiff reaction in the VM vessel 
wall, combined with hematoxylin and eosin staining, can 
detect the expression of the VM. Vascular mimicry can be 
described as follows: the vessel wall, which lacks endo-
thelial cells, is arranged around the tumor cells; although 
blood flows through the vessel, there is no obvious in-
flammatory cell infiltration or surrounding necrosis. VM 
involves the interconnection of normal tumor blood ves-
sels to provide a blood supply to the tumor tissue, indicat-
ing its functional role in microcirculation. The presence 
of VM in a variety of malignant tumors was subsequently 
confirmed [15–19]. In most studies, the expression of VM 
was an adverse factor in patient prognosis.

The mechanism for the formation and regulation of 
VM in blood vessels has been of great interest in tumor 
research in recent years. Based on a series of studies on 
melanoma, Hess et al [20] proposed a molecular signal-
ing pathway for the regulation of VM formation. They 
considered a variety of factors associated with VM, such 
as epithelial cell kinase (EphA2), vascular endothelial 
cadherin, focal adhesion kinase (FAK), extracellular sig-
nal-regulated kinases 1 and 2, phosphoinositide 3-kinase 
(PI3K), and matrix metalloproteinase (MMP), all of which 
are associated with the mechanism of VM formation. Fur-
thermore, Lu et al [21] reported that the formation of VM 
was increased in highly invasive gallbladder cancer cells 
via the PI3K/MMPs/Ln-5γ2 and/or the EphA2/FAK/Pax-
illin signaling pathways. This provides new targets for the 
treatment of human gallbladder cancer. However, studies 
of the mechanism of VM are problematic and research-
ers have reported a variety of factors that regulate VM 
formation. Comito et al [22] showed that the production of 
mitochondrial reactive oxygen species enhances hypoxia 
inducible factor-1α stability, leading to the activation of 
Met oncogenes. This in turn leads to the formation of 
metastatic melanoma cells and an increase in the ability 
to form VM. In a study of ovarian cancer, Millimaggi et 
al [23] found that the formation of CD147 and VM are cor-
related. CD147 is highly expressed in tumor cells in VM, 
and the expression of CD147 in ovarian cancer cell lines 
was found to be correlated with tumor invasiveness. The 
treatment of SKOV3 cells (a cancer cell line with high 
invasion activity) with small interfering RNA against 
CD147 significantly suppressed the ability of these cells 
to generate non-endothelial channels; however, transfec-
tion of CD147 cDNA into the CABA I cell line (a line 
with low invasion activity) resulted in increased tumor 
invasiveness and enabled the formation of vascular chan-
nels. Sun et al [24], in the detection of Twist1 expression in 
human hepatocellular carcinoma samples and cell lines, 
found overexpression of Twist1 in VM positive expres-
sion in hepatoma cells, and associated this result with the 
formation of VM. In summary, the formation of VM is 
induced by several factors functioning in concert and is 

the result of gene inversion, tumor cell plasticity, effect of 
protein molecular biology, and environment.

Mosaic vessels
The MV pattern is a special type of tumor blood sup-

ply that represents the transition mode between endothe-
lial vascular dependence and vasculogenic mimicry. The 
vascular walls of MVs are composed of endothelial cells 
and tumor cells,which differ from the endothelium-de-
pendent vascular system and vasculogenic mimicry.The 
mechanism of formation may be related to the formation 
of tumor vascular endothelial cells. Large gaps appear in 
the vessel wall by the shedding of endothelial cells; and 
these enable cancer cells exposed to the lumen and par-
ticipated in blood vessel formation. Studies have shown 
that there is some loss of immune marker activity in en-
dothelial cells during the tumor evolution process [26–28]. 
Zhou et al [29] showed that a large proportion of mosaic 
areas vary depending on their location, but most are areas 
of low collagen IV and laminin immunoreactivity. This 
suggests that the mechanism of MV formation involves 
extensive loss of the basement membrane. Given the lack 
or degradation of the basement membrane, which pro-
vides mechanical support to the vessel wall and acts as 
a physiological barrier, cancer cells can directly contact 
the vessel wall. This leads to the “mosaic” phenomenon 
between tumor cells and endothelial cells. Cao [30] showed 
that tissue present during early MV formation was disor-
ganized and showed a lack of clear separation between ar-
terioles and venules, lack of appropriate coating of mural 
cells, and high permeability. Therefore, further studies on 
MV will aid anti-angiogenic therapy.

Relationship between VM and other 
tumor blood supply patterns

The growth of solid tumors is inseparable from the 
blood supply. Folkman [31], known as the father of an-
giogenesis, proposed the classical theory of tumor angio-
genesis. According to this theory, a tumor with a volume 
of less than 2–3 mm³ can rely on diffusion to obtain ad-
equate nutrition, but when the tumor mass exceeds 2–3 
mm³ endothelial cells are required to build blood vessels 
for blood supply, otherwise, the tumor will remain dor-
mant or degrade. VM exists as a complement to the tumor 
blood supply in the form of vessels lined with endothelial 
cells; the two act together to provide an oxygen supply for 
tumor growth. A study by Hendrix et al [32] found three 
modes of tumor microcirculation; MV may represent an 
intermediate stage between VM and endothelium-depen-
dent vessels. Sun et al [33–34] confirmed that different stages 
of tumor growth correspond to different stages in a three-
stage process of blood supply patterns. In the early stage 
of tumor growth, blood is mainly supplied from vascular 
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mimicry; with increasing tumor volume, endothelial cells 
continue to proliferate and mosaic vessels appear between 
the VM and endothelium-dependent blood vessels. The 
first two are composed of endothelial cells, which gradu-
ally replace blood vessels and become the main form of 
tumor blood supply to provide sufficient blood and oxy-
gen to support tumor growth, invasion, and metastasis. 
Xiang et al [35] also confirmed that VM was generated dur-
ing the early stage in non-small cell lung carcinoma. As 
the disease progresses, VM may be replaced by vascular 
endothelial cells, and thus late-stage patients, particularly 
those with distant metastases, show fewer VM.

Tumor cells may express angiogenic factors, accumu-
late normal endothelial cells to form vascular channels, 
and support tumor growth and spread. However, VM 
and MV differ from the traditional angiogenesis model. 
The VM wall is composed of tumor cells and/or base-
ment membrane lining without endothelial cells. In MV, 
the inner wall can be composed of endothelial cells and 
tumor cells. In a study examining the number of glioma 
polyploid giant cancer cells associated with vasculogenic 
mimicry formation and tumor grade in human glioma, 
Qu et al [36] found that there was more VM and MV in 
high-grade gliomas than in low-grade gliomas. Addition-
ally, polyploid giant cancer cells generating erythrocytes 
contribute to the formation of VM and MV. Zhang et al 
[37], using C57 mouse melanoma B16 transplanted tumor 
tissue, attempted to identify the type of tumor blood sup-
ply vessels in different melanoma growth stages. They 
showed that in the early stage of rapid growth, VM is 
the dominant form of tumor blood supply. With increas-
ing tumor volume, the number of vasculogenic mimicry 
channels decreased while the number of endothelium-
dependent vessels increased, but the number of mosaic 
vessels was not associated with tumor size. Finally, en-
dothelium-dependent vessels, which constitute the main 
pattern of blood supply, increased gradually.

Prospects

The discovery of VM has enriched the knowledge of 
the plasticity of tumor cells and angiogenesis. However, 
VM cannot replace endothelial-dependent angiogenesis 
in tumors, which is the dominant mode, and is only a 
supplemental form of tumor microcirculation. Neverthe-
less, the extensive clinical significance and special forma-
tion of VM have generated new avenues for anti-vascu-
lar tumor therapy. Currently, studies of the relationship 
between VM and other blood supply patterns are in the 
early stages. The use of anti-angiogenesis of endothelial 
vascular-targeted drugs alone have not got any outstand-
ing effect. Anti-VM drugs can be used to compensate for 
the shortage. However, additional basic research studies 
are necessary to explore the VM formation mechanism 

further in order to identify the optimal target and inhibit 
the formation of VM as well as to develop clinical treat-
ments. Large advances in the field of anti-tumor thera-
peutics are expected.
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