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According to the latest statistics from WHO for all cancers, lung cancer tops the list with a 14.5% prevalence 
and a 22% death rate in men, similar to the prevalence in women, which is 13.8%. It is also the number one 
killer of cancer in China, with 40 in every 100,000 people suffering from lung cancer. HIF-1α is widely present 
in human cells in hypoxic environments. It regulates the body’s response to hypoxia, cell oxygen balance, and 
hypoxia gene expression; participates in the proliferation and apoptosis of non-small cell lung cancer cells; 
participates in the invasion, metastasis, and neovascularization of tumor tissues; and affects the treatment 
and prognosis of non-small cell lung cancer. In view of the role of HIF-1α in the occurrence and development 
of non-small cell lung cancer, blocking HIF-1α by use of a single medication or combination chemotherapy 
has become a research hotspot. This review summarizes the role of HIF-1α in non-small cell lung cancer 
and provides new ideas for the treatment of this cancer type by synthesizing the research results of various 
authors.
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1. Introduction
Non-small-cell lung cancer (NSCLC) accounts for 80% of lung 
cancers, including squamous cell carcinoma, adenocarcinoma, 
large cell carcinoma, and other rare cancer types. It has the highest 
incidence rate worldwide, especially in China. The death rate of 
lung cancer worldwide is as high as 18.4% (Erratum 2020), and the 
five-year survival rate is 24% (Zhang et al. 2008).
Hypoxia inducible factor-1 (Chen et al. 2014) (HIF-1) is a heterod-
imeric transcription factor that consists of hypoxia inducible 
factor-1β (HIF-1β) and hypoxia inducible factor-1α (HIF-1α). 
Both are basic helical loop structural proteins (basic helix-loop-he-
lix-PER-ARNT-SIM, bHLH-PAS) (Bersten et al. 2013). However, 
HIF-1α is the oxygen-sensitive regulatory and functional subunit 
of the HIF-1 heterodimer, consisting of 826 amino acids (Hirami et 
al. 2004). The human HIF-1α gene is located in the q21-24 region 
of chromosome 14 (14q21-24). Its N-terminal contains a funda-
mental bHLH-PAS configuration, which is necessary for binding 
to DNA and participating in dimerization (Semenza et al. 1997). 
The C-terminus of HIF-1α contains two transcription activation 
domains (transactivation domains) TAD-N and TAD-C, which 
function in transcription activation. There is also a nuclear local-
ization signal (NLS) at the C-terminus to activate transcription. A 
downstream proline-serine-threonine (Pro/Ser/Thr) sequence is a 
specific structure that forms a heterodimer and binds to the target 
gene. There is also an oxygen-dependent degradation domain 
(ODDD) (Jiang et al. 1997), which is rich in Pro/Ser/Thr, and can 
assist the transport of the HIF-1α protein through the nuclear pore 
protein into the nucleus.
Due to the rapid renewal of tumor cells, the tumor blood vessel 
density increases early in tumor progression. This venous fluid 
pressure intensifies with the increase in tumor volume, compressing 
small blood vessels and causing ischemia or thrombosis. There-
fore, although tumors have the ability to continuously induce 
angiogenesis and form a rich microvascular network, their oxygen 
consumption exceeds the amount of oxygen that microvessels can 
provide. This relative insufficiency in tumor microcirculation leads 
to tumor hypoxia and necrosis of the tumor center (Guo 2002).
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HIF-1 plays an extremely important role in the information pathway 
of hypoxia-induced gene expression. It can regulate many genes to 
adapt to the hypoxic environment. At present, studies have found 
that there may be more than 1,000 target genes (Semenza 2014) 
transcribed by HIF. Therefore, HIF participates in a wide range of 
biological functions, including pathophysiological processes such 
as cell differentiation, migration, cell protection, apoptosis, cell 
cycle regulation, and mitochondrial function. Moreover, current 
studies have found that HIF-1α is closely related to multiple 
processes in the occurrence and development of NSCLC. This 
review summarizes the mechanism controlling HIF-1α expression 
and the role of this transcription factor in various aspects of the 
development of NSCLC, as well as provides new ideas for the 
treatment of NSCLC.

2. Oxygen regulation of HIF-1α transcriptional activity
The HIF-1α subunit is regulated by the intracellular oxygen concen-
tration. HIF-1α is quickly degraded under normoxia, but not under 
low oxygen conditions. In addition, it forms a heterodimer with 
HIFβ (aryl hydrocarbon receptor nuclear translocator, ARNT) and 
binds to the target gene hypoxia response element (HRE) to initiate 
transcription (Hao and Li 2019). The HIF-1α pathway plays its 
role through the following mechanism (Wang and Hao 2013).
Oxygen-independent regulation: Hypoxia inhibits HIF-1α prolyl 
hydroxylation and prevents recognition of HIF-1α by the von 
Hippel-Lindau (VHL) protein. HIF-1α is protected from degrada-
tion and accumulates in the nucleus.
Oxygen-dependent regulation: At normal oxygen levels, HIF-1α is 
rapidly degraded by the proteasome. In the presence of O

2
 and Fe2+, 

two proline residues on the HIF-1α subunit bind to prolyl hydrox-
ylase (PHD) and are hydroxylated (OH). The VHL-E3 (Ivan et al. 
2001) ubiquitin ligase complex recognizes and forms a complex 
with the hydroxylated HIF-1α, resulting in the oxygen-dependent 
mode of degradation (Kamura et al. 1999).

3. Effect of HIF-1α on NSCLC cell proliferation and 
apoptosis
HIF-1α is mainly expressed in the nucleus and cytoplasm of 
NSCLC tissue and adjacent normal tissues. Gu (2010) found that 
45% lung cancer tissue cells were positive for HIF-1α, while in 
adjacent normal tissues, the value was 6.67%. Yuan (2012) found 
that the positive expression of HIF-1α in NSCLC tissue is mainly 
localized in the nucleus of the cell. Wang et al. (2018) showed that 
HIF-1α expression is located in the cytoplasm. Of 107 specimens, 
59 (55.14%) had HIF-1α expression in NSCLC tissues and four 
cases presented expression in adjacent tissues, with a positive rate 
of 3.73% (Table 1). In the meta-analysis by Yang et al. (2016), the 
authors concluded that the expression of HIF-1α in lung cancer 
tissues was significantly higher than that in normal lung tissues. 
They also found that HIF-1α expression in patients with squamous 
cell carcinoma was significantly higher than that in patients with 
adenocarcinoma.

HIF-1α binding site on the survivin promoter. The binding of 
HIF-1α to the survivin promoter upregulates the expression of 
survivin to promote tumor proliferation. Shen et al. (2011) showed 
that HIF-1α gene silencing leads to down-regulation of survivin 
expression, which coincided with Chen et al.’s findings.
Qian et al. (2016) knocked down HIF-1α from lung carcinoma 
NCI-H157 cells, which significantly increased the expression of 
caspases 3 and 9, but notably decreased B-cell lymphoma-2 (Bcl-2) 
expression. Caspases are considered the key enzymes involved in 
apoptosis, and B-cell lymphoma-2 (Bcl-2) is an anti-apoptotic 
protein (Reed 1997). The decrease in caspase protein is related to 
the occurrence of NSCLC (Li et al. 2020). The expression of Bcl-2 
and HIF-1α in tumor tissue is closely related (Qun et al. 2015). 
Trisciuoglio’s (Trisciuoglio et al. 2017) in-vitro experiments 
showed that Bcl-2 can stabilize and promote the expression of 
HIF-1α in pigmented tumor cells, and that it can inhibit (Andersen 
et al. 2011) the expression of HIF-1α in gastric cancer.
However, the effect of HIF-1α on NSCLC cells is still controver-
sial. Proliferating cell nuclear antigen (PCNA) is a nuclear protein 
synthesized during the G/S phase of the cell cycle, which indicates 
cell proliferation. Fan et al. (2002) showed that HIF-1α is not 
associated with PCNA. Volm et al. (2000) studied the relationship 
between HIF-1α and CyclinA expression and the cell cycle in 91 
cases of NSCLC and found that HIF-1α does not correlate with cell 
proliferation. However, Yuan (2019) used immunohistochemical 
staining to detect the cell markers Ki-67 and HIF-1α in 66 NSCLC 
tissue samples and found that HIF-1α and Ki-67 were positively 
correlated. These conflicting data may be related to differences in 
the cases selected and in methodology.

4. Effect of HIF-1α on the invasion and metastasis of 
NSCLC cells
Lymphatic tissues are widely distributed, and blood flow is 
abundant in lung cancer patients prone to lymph node metastasis 
(Li et al. 2017), which poses great challenges to clinical treatment 
(Guerrera et al. 2017) and prognosis. Qi et al. (2019) selected 92 
patients with NSCLC who underwent lobectomy without lymph 
node metastasis and were followed up for 24 months. Among 
them, HIF-1α was highly expressed in the tumor in 27 and weakly 
expressed in 65 patients. The incidence of lymph node metastasis 
in patients was 92.6% and 26.9%, respectively. As a result, the 
lymph node metastasis rate of NSCLC patients with high HIF-1α 
expression was significantly higher than that of patients with low 
HIF-1α expression.
The steps of tumor metastasis can generally be divided into local 
invasion, intravasation, transfer to the blood circulatory system, 
extravasation, positioning, and proliferation in the target organ 
(Chambers et al. 2002). The mechanism (Liu et al. 2016) mainly 
involves the shedding of tumor cells into the extracellular matrix, 
which degrades the extracellular matrix via proteolytic enzymes, 
infiltrates adjacent tissues and the basement membrane, enters 
blood vessels or lymphatic vessels, and are then transported to 
other tissues and organs.
Before metastasis, the tumor in situ continues to proliferate and 
stimulates vascular endothelial cells to create a large number of 
capillaries in the tumor tissue, that is, angiogenesis. The cancer cells 
can escape the tumor in situ and enter the blood circulation system, 
that provides a convenient transportation system (Wyckoff et al. 
2000). Hypoxia can increase the plasticity of tumor cells, which is 
conducive to the existence of the vascular endothelium (VE) (Xu 
2017). Vascular endothelial growth factor (VEGF), a growth factor 
that specifically binds to blood vessels and promotes the growth 
of endothelial cells (Apte et al. 2019), is the major regulator of 
angiogenesis (Zhu et al. 2007). Chen et al. (2014) used a Thin-
Prep cytology test (TCT) and found that the relationship between 
HIF-1α and VEGF expression in NSCLC pleural effusion cells is 
positive. Roth et al. (1998) confirmed that hypoxia can regulate 
the expression of VEGF at both the transcriptional and post-tran-
scriptional levels. HIF-1 initiates or increases the transcription of 
VEGF (Rho et al. 2009), thereby increasing its mRNA content.

Table 1: Expression of HIF-1α between NSCLC tissues and adjacent 
normal tissues (Wang 2018)

Total
HIF-1α expression

χ2 P
+(%) -(%)

Cancer tissues 107 60(56.07) 47(43.93) 68.049 <0.0001

Adjacent normal tissues 107 4(3.73) 103(96.27)

Abbreviations: HIF-1α, hypoxia-inducible actor 1α; NSCLC, non-small cell lung cancer. P<0.05.

It is known that HIF-1α participates in and regulates NSCLC cell 
proliferation and apoptosis under hypoxia. Survivin (Zhao 2019) 
is one of the inhibitors of apoptosis proteins (IAP), which has a 
dual role of inhibiting cell apoptosis and regulating cell division 
(Yang and Cao 2007). Chen et al. (2009) found that there is an 



REVIEW

406 Pharmazie 76 (2021)

Li et al. (2011) found that HPV-16 can promote the accumulation of 
HIF-1 in NSCLC A549 cells and enhance the expression of VEGF. 
When shRNA was used to silence HIF-1, the enhancement effect 
of HPV-16 on VEGF expression was eliminated. Therefore, it is 
believed that the upregulation of VEGF expression by HPV-16 in 
A549 cells is dependent on HIF-1, and the upregulation of VEGF 
by HIF-1 promotes in vivo angiogenesis of A549 cells. Delta-like 
ligand 4 (DLL4) is an important ligand in the Notch signal trans-
duction pathway (Kang et al. 2013). It is upregulated in a variety of 
malignant tumors, including NSCLC (Soler et al. 2013), and plays 
a role in tumor angiogenesis (Zhang et al. 2013). DLL4 levels are 
elevated in hypoxic environments. Sun (2015) found that VEGF 
and DLL4/Notch signaling pathway molecules are overexpressed 
in lung cancer and are positively correlated with HIF-1α.
The extracellular matrix metalloproteinase inducer (recombinant 
protein, CD147), that is overexpressed in tumors, can induce 
the secretion of matrix metalloproteinases, degrade tumor extra-
cellular matrix, enhance the penetration of tumor cells to the 
basement membrane and promote tumor invasion and metastasis 
(Brooks et al. 2010). Tan et al. (2016) used western blotting to 
detect the expression of CD147 and HIF-1α in NSCLC A549 
and SPC-A-1 cells and normal lung epithelial BEAS-2B cells. 
The results showed that the positive expression rates of CD147 
and HIF-1α in NSCLC tissues were 76% and 84%, respectively, 
which were higher than 10% and 30%, in normal lung tissues. 
There was a positive correlation between the expression of CD147 
and HIF-1α in NSCLC (P<0.05). Matrix metalloproteinase-2 
(MMP-2) can degrade type IV collagen, which is the main compo-

nent of the extracellular matrix and basement membrane, and has 
important functions such as regulating cell migration, promoting 
tumor growth and angiogenesis, and benefiting tumor infiltration 
and metastasis (Yuki et al. 2008). Sun et al. (2015) found that the 
expression of HIF-1α and MMP-2 is positively correlated, indi-
cating that the hypoxic environment caused by the rapid growth of 
tumor cells can induce the expression of HIF-1α, and that HIF-1α 
can regulate the expression of MMP-2 and enhance tumor invasion 
and transfer ability.
Some studies have shown that tumor invasion is related to lipo-
polysaccharides (LPS). For example, Liu et al. (2016) found that 
LPS can promote CXC motif chemokine receptor type 4 (CXCR4) 
expression, which leads to tumor invasion and migration. Western 
blotting was used to detect nuclear factor-κB (NF-κB) and 
confirmed that LPS can activate phosphorylated NF-κB (p-IκB) 
to increase CXCR4 expression. In addition, a study by Yang et 
al. (2017) revealed that HIF-1α is closely associated with LPS. 
They analyzed 187 human NSCLC specimens and concluded 
that, compared with normal lung tissues, the increase in HIF-1α 
is positively related with tumor invasion and staging. Moreover, 
to explore the relationship between HIF-1α and LPS, A549 cells 
were exposed to different concentrations of LPS, which increased 
the expression of HIF-1α (Table 2).

5. Effect of HIF-1α on the stage of NSCLC cells
Accurate staging of lung cancer is critical to treatment selection, 
patient survival, and prognosis. Currently, the eighth edition of 
the TMN staging standard of the International Association for the 
Study of Lung Cancer is the most widely adopted staging system. 
Staging mainly relies on imaging examinations and does not 
consider patients with epidermal growth factor receptor (EGFR) 
gene mutations. Prognosis emphasizes the size of solid composi-
tion of the tumor rather than the changes in the ground glass area. 
However, with the continuous development of lung cancer staging, 
many genetic and molecular methods have emerged in recent 
years, which may make staging more accurate.
At present, a number of experimental studies have shown that 
HIF-1α is related to NSCLC staging. TMN staging is mainly 
based on the size of the lesion, lymph node metastasis, and local 
and distant metastases. Gu et al. (2010) found that tumor size is 
related to the expression of HIF-1α. The positive expression rate 
of HIF-1α in cases of primary tumors ≥5 cm in size was 69.23%, 
the positive expression rate of cases in primary tumors <5 cm in 
size was 26.47%, and the difference was statistically significant 
(P<0.05). Koshikawa et al. (2003) have found that the expression 
of HIF-1α in highly metastatic Lewis lung cancer cell lines is 
significantly increased, and that the expression of HIF-1α in poorly 
differentiated areas in tumor tissues was significantly increased 
compared to that in well-differentiated areas. This may be related 
to the expression of HIF-1α in tumor tissues that can activate 
cyclooxygenase, transferrin, VEGF, endothelin-1, and other genes 
related to vasodilation, angiogenesis, and tumor metastasis.
Fan et al. (2002) found that the expression level of HIF-1α in 
tumors is unrelated to the patient’s age and sex, but is positively 
correlated with the clinical stage. The positive expression rate 
of HIF-1α in patients with metastasis was also higher than that 
in patients without metastasis. The mechanism may be that as the 
tumor continues to grow and increases in size, hypoxic necrosis 
occurs due to insufficient blood supply, which induces the 
expression of HIF-1α to promote the transcription of VEGF, one 
of its target genes. VEGF increases angiogenesis, tumor growth, 
invading surrounding tissues, and occurrence of distant metastasis; 
thus, the clinical stage increases and the survival rate decreases.
Gu’s (2010) results showed that in 60 NSCLC tissue samples, the 
expression of HIF-1α was not affected by the patient’s sex, age, or 
tumor location (P>0.05). It is related, however, to the TNM stage 
and pathological grade of NSCLC. The positive expression rate 
of HIF-1α in the stage III NSCLC group was 60.71%, which was 
significantly higher than the positive expression rate of 31.5% in 
the stage I + II group, and the difference was statistically signifi-
cant (P<0.05) (Table 3).

Table 2: Correlation of the expression of HIF-1α with clinicopatholog-
ical features of the NSCLC cases (Yang et al. 2017)

HIF-1α expression

Characteristics Total - + ++ +++ P-value

Total 187 21 73 67 26 0.5164

Gender

Male 136 15 52 43 16

Female 51 6 21 24 10

Age (years) 0.6943

<57 92 13 34 34 11

≥57 95 8 39 33 15

Tumor size (cm) 0.0452a

≤3 86 9 46 24 7

>3 101 12 27 43 19

Histological type 0.3427

Squamous cell
carcinoma

75 9 24 27 15

Adenocarcinoma 112 12 49 40 11

Lymph node
metastasis

0.0049b

No 85 13 41 25 6

Yes 102 8 32 42 20

Differentiation
status

0.0012

Well 43 12 23 6 2

Moderate 81 6 37 29 9

Poor 63 3 13 32 15

TNM stage 0.0003a

I/II 146 19 66 50 11

III/IV 41 2 7 17 15

Abbreviations: HIF-1α, hypoxia-inducible actor 1α; NSCLC, non-small cell lung cancer; TNM, 
tumor-node-metastasis. aP<0.05.
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Lu et al. (2014) separated 42 patients into two groups: 19 patients 
were in an early stage group (including stages I–II) and 23 patients 
were in a late stage group (including stages III–IV). The authors 
found that vasculogenic mimicry was closely related to tumor 
stage (Siddhesh et al. 2013). Vasculogenic mimicry was more 
frequent in stage I than stages III–IV. They also found that HIF-1α 
was positively expressed in 12 cases (63.2%) with vasculogenic 
mimicry, but in only seven cases (30.4%) without vasculogenic 
mimicry (Table 4).
Carbohydrate antigen 724 (CA724), carbohydrate antigen 153 
(CA153), prostate-specific antigen (PSA), and human chorionic 
gonadotropin (hCG) play an important role in the early diagnosis 
and prognostic evaluation of tumors (Trisciuoglio et al. 2017; Peng 
et al. 2018; Wu et al. 2019). In terms of clinical staging, Liu et al. 
(2020) showed that the levels of CA724, CA153, PSA, and HCG in 
stage III and stage IV patients were significantly higher than those 
in stage I and stage II patients. The Spearman correlation anal-
ysis suggested that CA724 and PSA were significantly positively 
correlated with the clinical stage of lung cancer (P<0.05).
Coiled-coil-helix domain containing 2 (CHCHD2) is a newly 
discovered cancer-related protein that belongs to the CHCH 
domain protein family. Studies have shown that the overexpression 
of CHCHD2 in the fibroblast cell line NIH3T3 altered cell adhe-
sion and rendered cells prone to migration (Seo et al. 2010), but 
the mechanism was not clarified. Zhang et al. (2018) used immu-
nohistochemistry to detect the normal expression of CHCHD2 
and HIF-1α proteins in NSCLC tissues. A total of 209 samples of 
NSCLC tissues and corresponding normal tissues were collected. 
Strong positive rates of CHCHD2 were found in stages I, II, and III 
NSCLC: 21.6% (11/51), 50.5% (46/91), and 88.1% (59/ 67). There 
were also positive rates of HIF-1α in stages I, II, and III NSCLC, 
respectively: 66.7% (34/51), 67.0% (61/91), and 85.1% (57/67). 
Immunofluorescence confirmed the co-localization of CHCHD2 
and HIF-1 in NSCLC, indicating that these proteins may interact 
in NSCLC cells.
TH17 cells are a type of helper lymphocytes that can produce 
IL-17, which can regulate fibroblast VEGF, induce angiogenesis, 
and activate tumor cell activity. Zhao (2011) used flow cytom-
etry and the enzyme-linked immunosorbent assay to detect the 
proportion of TH17 cells and CD4+CD25HiCD127LoTreg cells 
in the peripheral blood of 70 patients with primary lung cancer. 
The study evaluated patients with different TNM stages of lung 
cancer (seven cases of stage I–II, 30 cases of stage III, and 33 cases 
of stage IV) and the proportions of Th17 cells among peripheral 
blood CD4+T cells (2.90±c.35%, 3.27±1.21%, and 3.78±1.35%, 
respectively). However, the ratio of CD4+CD25HiCD127LoTreg 
cells to CD4+T cells in the peripheral blood of lung cancer 
patients with different TNM stages (6.24±2.16%, 7.58±1.94%, and 
8.87±2.27%, respectively, according to staging) was statistically 
significantly different (P<0.05). This ratio in patients with stage 
IV lung cancer was significantly higher than that in patients with 
stages I–II and III (P<0.05). There was no statistically significant 
difference in peripheral blood Treg/Thl7 (2.73±1.65, 2.36±1.15, 
and 2.36±1.33, respectively) in lung cancer patients with different 
TNM stages (P>0.05). Liu et al. (2019) selected 40 patients with 
primary NSCLC and 40 healthy volunteers as controls. The study 
found that the higher the clinical stage, the higher the level of TH17 
cells and IL-17 (P<0.05). In a research on rheumatoid arthritis, 
HIF-1 has been found to promote the proliferation of TH17 cells 
(Barbi et al.2013). The possible mechanism is that HIF-1α acti-
vates the transcription of RAR-related orphan receptor gamma 
(RORyt) and cooperates with RORyt and p300 to form a complex. 
The target of this complex is the gene promoter of IL17, which 
activates chemotaxis to regulate the expression of Th17 related 
genes (Du et al. 2020).

6. Effect of HIF-1α on the prognosis of NSCLC
Some researchers, according to multiple experimental data, have 
suggested that HIF-1α is positively correlated with NSCLC malig-
nancy and prognosis. Andersen et al. (2011) used immunohisto-
chemistry to stage the tumor and stromal tissue samples of 335 

Table 3: Relationship between the expression of HIF-1α in NSCLC 
and the characteristics of clinical cases (Gu 2010)

Group Total

HIF-1α

Number 
of positive 

cases
% c2 P

Gender

Male 41 18 43.90 0.063 0.802

Female 19 9 47.37

Age (years)

≥60 36 17 47.22 0.180 0.672

< 60 24 10 41.67

TMN

/ 32 10 31.25 5.238 0.022

/ 28 17 60.71

Tumor size (cm)

≥5 26 18 69.23 10.884 0.001

<5 34 9 26.47

Lymphatic metastasis

Yes 39 22 56.41 5.862 0.015

No 21 5 20.38

Abbreviations: HIF-1α, hypoxia-inducible actor 1α; NSCLC, non-small cell lung cancer; TNM, 
tumor-node-metastasis. P<0.05.

Table 4: Relationship of VM with clinicopathological features 
(Lu et al. 2014)

Characters
Cases VM

P
n % (+) (-)

Gender

Male 29 69.1 13 16 0.936

Female 13 30.9 6 7

Age (years)

≥60 23 54.8 12 11 0.320

<60 19 45.2 7 12

Tumor history

Squmous cell carcinoma 20 47.6 10 10 0.554

Adenocarcinoma 22 52.4 9 13

T stage

T1 3 7.1 1 2 0.589

T2 24 57.1 11 13

T3 8 19.1 5 3

T4 7 16.7 2 5

N stage

N0 21 50.0 13 8 0.030

N1-3 21 50.0 6 15

M stage

M0 26 61.9 15 11 0.039

M1 16 38.1 4 12

Differentiation

Well 1 2.4 1 0 0.233

Moderate 18 42.8 10 8

Poor 23 54.8 8 15

Abbreviations: VM, vasculogenic mimicry; T, tumor; N, node; M, metastasis; P<0.05.
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non-selected patients with stage I–IIIA NSCLC and found that the 
five-year survival rate of patients with high HIF-1 expression in 
tumor cells was significantly lower than that of patients with low 
HIF-1 expression. The five-year survival rate of patients with high 
expression of HIF-1 in the matrix was significantly higher than 
that of patients with low expression of HIF-1. At the same time, 
it was found that the high expression of HIF-1 in NSCLC squa-
mous cell carcinoma cells and the low expression in the stroma 
were significantly related to poor prognosis. Yang et al. (2016) 
implemented a meta-analysis to further understand the prognostic 
role of HIF-1α in lung cancer. Four of the studies (Andersen et al. 
2011; Swinson et al. 2004; Hung et al. 2009; Enatsu et al. 2006) 
showed that NSCLC and HIF-1α were significantly associated, 
while another three studies found no association (Yuji et al. 2004; 
Sanghui et al. 2011; Qian et al. 2011). Subgroup analysis showed 
that ethnicity may be the reason for the high heterogeneity found. 
Finally, it was concluded that the overall survival rate of patients 
with a positive expression of HIF-1α in NSCLC tissues is lower 
than that of patients with a negative expression of HIF-1α. This 
suggests that HIF-1α can be used as a prognostic biomarker and a 
potential therapeutic target in lung cancer.
The above-mentioned research directly derives the relationship 
between HIF-1 and NSCLC, but many researchers have found 
that HIF-1α can exert its effect indirectly through a series of genes 
and molecules in the body. Molecular characterizations such as 
DNA methylation (Wei et al. 2018) have been increasingly used 
to predict tumor prognosis (Sipeng et al. 2018). The expression of 
HIF prolyl 4-hydroxylases (EGLNs) is related to the prognosis of 
many cancers (Couvelard et al. 2008; Peurala et al. 2012; Xie et 
al. 2012). The proteins encoded by EGLN1, EGLN2, and EGLN3 
can hydroxylate two proline residues (Pro-402 and Pro-564) of 
HIF-1α, and are HIF-1α degrading enzymes. Zhang et al. (2019) 
assessed the relationship between methylation and overall survival 
by analyzing EGLN DNA methylation data from tumor tissue 
samples of 1,230 patients with early stage NSCLC and gene 
expression data from the Cancer Genome Atlas. Studies have 
found that the expression of HIF-1α and EGLN3 in tumor tissues 
is negatively correlated. Among the 34 cytosine-guanine dinucle-
otide-containing (CpG) probes in EGLN, DNA methylation of 
cg25923056EGLN2 was determined to be significantly correlated 
with lung adenocarcinoma LUAD survival rate (HR=1.02, 95% 
CI: 1.01–1.03, P=9.90×10–5) and related to the expression of 
EGLN2 (r=–0.36, P=1.52×10-11). Chang et al. (2016) designed an 
experiment that included 112 pulmonary pleomorphic carcinomas 
(PPC) (Wang et al. 2013), a poorly differentiated NSCLC type, 
to study the relationship between overexpression of programmed 
death 1 (PD-L1) and HIF-1α and tumor necrosis. The results 
showed that PD-L1 membrane reactivity was found in 86 of the 
122 patients (70.5%), and HIF-1α overexpression was detected 
in 92 of 122 PPCs (75.4%). These data have once again proven 
that the expression of PD-L1 is related to HIF-1α. However, they 
also revealed that the expression of PD-L1 may enhance immune 
evasion by the tumor and lead to poor clinical outcomes. Guo et 
al. (2019) found that a variety of human tumors can overexpress 
PD-L1, which is considered a poor prognostic indicator of overall 
survival and a predictive marker of good response to new immuno-
therapy drugs. HIF-1α, as a transcription factor, binds directly to 
the hypoxia response element in the PD-L1 promoter to increase 
the expression of PD-L1 in hypoxic cancer cells.

7. Effect of HIF-1α therapy on NSCLC
Oncology studies have shown that HIF-1α can regulate more than 
100 downstream target genes (Schumacker 2006; Semenza 2003), 
such as survivin, VEGF, and insulin-like growth factor-2 (IGF-2), 
thereby affecting tumor proliferation, local invasion, and distant 
metastasis. Due to its strong influence on tumor development, 
including tumor angiogenesis mimicry, tumor proliferation, and 
tumor staging, HIF-1 is an important cancer drug target (N.Ma-
soud and Li 2015). Treatment plans are adopted according to the 
patient’s physical condition, cancer clinical stage, and pathological 
classification. Patients in stages I and II are mainly treated with 

radical surgical resection. However, since most patients are in the 
middle and advanced stages of lung cancer, chemotherapy, targeted 
therapy, and radiotherapy are particularly important.
Chemotherapy for lung cancer currently has problems such as 
poor targeting and tumor metastasis. Wang et al. (2019) found 
that co-delivery of liposomes for codelivery of daunorubicin 
and dioscin enhanced cellular uptake and had high cytotoxicity 
to tumor cells. After treatment, MMP-2, vascular endothelial 
cadherin (VE-Cad), transforming growth factor-β1 (TGF-β1), and 
HIF-1α decreased significantly. Since HIF-1α can induce vasculo-
genic mimicry under hypoxic conditions, regulate the expression 
of MMP-2 (Yuki et al. 2008), and enhance tumor invasion, it is 
likely that the targeted liposomes achieved therapeutic effects by 
inhibiting the expression of tumor-related proteins. HIF-1α plays a 
pivotal role in this process.
Some research shows that the radiation tolerance of HIF-1α-over-
expressing cells is significantly increased, which produces 
resistance to radiotherapy. Wang (2017) observed changes in the 
radiosensitivity of NSCLC cells that highly express HIF-1α. The 
results showed that the radioresistance of H1299/M-HIF-1α cells 
was significantly enhanced, and, under hypoxia, the radioresis-
tance of H1299/W-HIF-1α cells was also significantly increased. 
Studies have found that low- and medium-dose X-ray irradia-
tion can induce the stabilization and accumulation of HIF-1α in 
normoxic NSCLC cells. The mechanism (Zhang et al. 2017; Bell 
et al. 2007) may be that radiation induces a large increase in reac-
tive oxygen species (ROS). These, through the electron transfer 
pathway of the cytochrome respiratory chain, oxidize the iron in 
PHD, thereby inactivating PHD, blocking the proline hydroxyl-
ation of HIF-1α, and stabilizing it. Radiation resistance is the main 
reason for the failure of radiotherapy in NSCLC, and hypoxia 
is the main reason for radiation resistance (Moeller et al. 2007; 
Dewhirst et al. 2008). A number of studies have shown that the 
Notch pathway is abnormally activated in the occurrence of cancer, 
and that Notch3 is upregulated by radiation in NSCLC cell lines. 
Yasuyuki et al. (2017) used protein immunoassays to detect the 
expression of HIF-1 and Notch in the NSCLC cell line H460 and 
in the human lung cancer cell line HCC2429 after radiotherapy. 
The results showed that when the expression of HIF-1α was inhib-
ited by small interfering RNA, the activation of Notch3 induced 
by radiation was also downregulated, suggesting that the Notch 
pathway was activated by HIF-1α after radiation. The mechanism 
may be that after HIF-1α is activated, the expression of the Notch 
pathway ligand, DLL4, increases, thereby generating effective 
Notch signals (Minhong and Greg 2007). In addition, there is 
another mechanism whereby VEGF or the epithelial-mesenchymal 
transition (EMT) can participate in the interaction between Notch 
and HIF, thereby regulating radiation-induced activation of the 
Notch pathway (Thurston et al. 2007). Therefore, a combination of 
radiation and HIF-1α inhibitors should be considered for NSCLC 
patients.
With the identification of lung cancer-related oncogenic driver 
genes, many studies and clinical practice have shown that targeted 
therapy greatly improves and prolongs the prognosis and survival 
of NSCLC patients with corresponding driver genes. In terms of 
targeted therapy for NSCLC, current drugs mainly target muta-
tions in NSCLC. According to the genetic molecular typing found 
to date, the following mutation types mainly exist (Guiding Princi-
ples for the Clinical Application of New Anti-tumor Drugs 2020): 
EGFR gene mutation, anaplastic lymphoma kinase (ALK) gene 
rearrangement, ROS proto-oncogene 1 (ROS1) gene rearrange-
ment, v-raf murine sarcoma filtering toxin carcinogenic homolog 
B1 (BRAF) point mutations, Kirsten rat sarcoma 2 viral oncogene 
homolog (KRAS) point mutations, and (MET-exon-14-skipping) 
METex14 mutations. Clinical drugs for these gene mutations 
include EGFR inhibitors such as gefitinib, dacomitinib, and 
osimertinib; ALK/ROS1/MET inhibitors such as crizotinib; and 
the BRAF mutation inhibitor dabrafenib. In addition, molecular 
monoclonal antibody drugs are being used, such as the human-
ized antibody bevacizumab, which inhibits tumor angiogenesis by 
binding to human VEGF and PD-1/PD-L1 inhibitors, which relieve 
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cancer cells from autoimmunity. The suppression of the system 
allows the patient’s own immune system to kill the cancer cells.
Current targeted therapy requires patients to be tested after the 
target. Targeted drugs have limited coverage and are not suitable 
for all patients, and the existence of drug resistance may occur due 
to physiological compensation. As mentioned before, oncology 
studies have shown that HIF-1α can regulate more than 100 
downstream target genes (Schumacker 2006; Semenza 2003). If 
HIF-1α is used as the target, all the downstream growth factors 
are inhibited as well; therefore, in theory, the application range of 
HIF-1α inhibitors is wider and the effect is greater. A large number 
of existing drugs are small molecule compounds that inhibit the 
function of HIF, and there is no specific HIF-1 inhibitor. At present, 
some anti-tumor drugs targeting HIF-1 are under research and 
development. The main small molecule inhibitors include topo-
tecan, 103D5R, redox inhibitors, microtubule cytoskeleton inhib-
itors, heat shock protein 90 inhibitors, a PI3K-Akt-mTOR signal 
pathway inhibitor, HIF-1α transcriptional activity regulator, etc 
(Wei and You 2008). These small-molecule inhibitors can inhibit 
the expression of HIF-1 in tumor cells in vivo and in vitro, but 
clinical trial research is still in its infancy. Mabjeesh et al. (2003) 
found that the antitumor drug 2-methoxyestradiol (2ME2) not 
only inhibits the expression of VEGF induced by HIF-1 but also 
prevents the formation of tumor cytoskeleton microtubules. The 
drug 3-(5’-Hydroxymethyl-2’-furyl)-1-benzylindazole (YC-1) 
can also inhibit the activity of HIF-1, thereby inhibiting tumor 
growth (Isaacs et al. 2006). Geldanamycin, an inhibitor of heat 
shock protein 90 (HSP90), reduces the conformational stability 
of HIF-1α by competitively inhibiting the binding of HSP90 to 
HIF-1α (Majumder et al. 2004). The clinically used rapamycin 
and its derivatives, cell cycle inhibitor-779 (CCI-779) and Rad001 
(everolimus), are specific inhibitors of mTOR and can reduce the 
expression of HIF-1α in cells (Hudson et al. 2002).

This review describes the mechanism of action of HIF-1α and its 
relationship with NSCLC tumor cell proliferation and apoptosis, 
infiltration and metastasis, staging, prognosis, and treatment. It is 
supported by clinical trials and deeply explored its specifics, mech-
anism, and Sorted out the relationship between various substances 
appearing in the article and HIF-1α. (Tab V)

8. Conclusion
This review describes the relationship between HIF-1α and 
NSCLC in terms of cell proliferation and apoptosis, infiltration and 
metastasis, staging, prognosis, and treatment. We showed that the 
expression of HIF-1α is closely related to that of many factors that 
play important roles in the development of NSCLC, confirming 
its clinical significance. In the treatment of NSCLC, current 
oral targeted drugs and immunotherapy are mainly applicable to 
NSCLC with distant metastasis, while the treatment of locally 
advanced NSCLC is still in a long-term stagnation state. Patients 
with EGFR mutations include up to 50% of the Asian population. 
ALK rearrangement patients account for 5% of NSCLC patients. 
At present, it is believed that local tissue hypoxia occurs in tumor 
progression. High expression of HIF-1α induced by hypoxia in 
tumor tissue has been confirmed in many types of tumors. There-
fore, HIF-1α is an important treatment target for inhibiting tumor 
growth.
Currently, the diagnosis of lung cancer mainly relies on histolog-
ical examination. Despite its high specificity, this is an invasive 
test and is prone to many complications. However, the detection of 
tumor markers is convenient and non-invasive, but it has low spec-
ificity. Many studies have found that the positive rate and accuracy 
are better for combined tests than for single tests. In the future, we 
should consider using common indicators for combined testing and 
diagnosis in clinical practice, such as detecting carcinoembryonic 

Table 5: Relationship between HIF-1α and various of molecules

NSCLC Related molecules Effect The relationship with HIF-1α

Proliferation PCNA Cell proliferation HIF-1α has nothing to do with PCNA

CyclinA Cell proliferation HIF-1α has nothing to do with CyclinA

Ki-67 Cell proliferation HIF-1α and Ki-67 are positively correlated

Apoptosis survivin Inhibit cell apoptosis regulate cell division HIF-1α binds to related binding sites on survivin to 
up-regulate survivin’s expression

Bcl-2 Inhibit cell apoptosis Pigmented tumor cells:Bcl-2 can stabilize and promote 
the expression of HIF-1α.
Gastric cancer: It can inhibit the expression of HIF-1α 
by down-regulating miRNA-27a. 

caspase Key apoptosis enzymes HIF-1α increases the expression of caspases 3 and 
caspases 9

Invasion and Metastasis VEGF Angiogenesis HIF-1 initiates or strengthens the transcription of VEGF

DLL4/Notch Angiogenesis DLL4/Notch signaling pathway molecules’ overexpres-
sion is positively correlated with HIF-1α. 

CD147 Induce the secretion of matrix metalloprotein-
ases, promote tumor invasion and metastasis 

There is a positive correlation between the expression of 
CD147 and HIF-1α in NSCLC

MMP-2 Degrade type IV collagen HIF-1α can regulate the expression of MMP-2

LPS Tumor invasion and migration LPS can increase the expression of HIF-1α.

Stage CHCHD2 Promote migration Co-localization of HIF-1α and CHCHD2 in NSCLC

TH17 Produce IL-17 factor Not confirmed

IL-17 Adjust the vascular endothelial growth factor 
of fibroblasts 

Not confirmed

Prognosis EGLNs HIF-1α degrading enzymes The expression of HIF-1α and EGLN3 is negatively 
correlated

PD-L1 Enhance immune evasion The expression of PD-L1 is related with HIF-1α.

Abbreviations: HIF-1α, hyoxia-inducible factor-1α; NSCLC, non-small cell lung cancer; PCNA, proliferating cell nuclear antigen; Bcl-2, B cell lymphoma-2; VEGF, vascular endothelial growth factor; DLL4, 
Delta-like ligand 4; CD147, recombinant protein; MMP-2, matrix metalloproteinase-2; LPS, lipopolysaccharides; CHCHD2, coiled-coil-helix domain containing 2; EGLNs, HIF prolyl 4-hydroxylases; PD-L1, 
programmed death 1.
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antigen (CEA), neuron-specific enolase (NSE), and HIF-1α. It is 
hoped that more studies will be conducted in the future to improve 
the specificity and sensitivity of non-invasive testing and improve 
the gold standard for diagnosis.
The occurrence of NSCLC is usually caused by many mecha-
nisms. This article describes the interaction between HIF-1α and a 
variety of transcription factors, genes, and molecules (summarized 
in Table 5). We hope that researchers will unify this complex 
system in the future. Small cell-targeted therapy is a new idea 
of approach to treatment. At present, targeted research is very 
popular, and many studies have proposed new therapeutic targets, 
but their conclusions have not been repeatedly verified, and the 
data analysis is not good. We also hope that research methods can 
be standardized to ease further understanding of HIF-1α and its 
role in NSCLC (Kaelin 2017).
Funding: This work was supported by the National Natural Science 
Foundation of China (No. 81774230), and Natural Science Foun-
dation of Zhejiang Province (No. LY21H270012).
Availability of data and materials: All data analyzed during this 
study are included in this article.
Authors’ contributions: YNL and YYZ designed the study. YNL 
and YSZ performed the literature search. YNL and XRL wrote 
the manuscript. LH, WYC, YFH and YYZ revised the manuscript. 
YYZ provided the funding. All authors read and approved the final 
manuscript.

Competing interests: There is no conflict of interest in this article, and all authors 
confirm its accuracy.

References
Andersen S, Eilertsen M, Donnem T, Al-Shibli K, Al-Saad S, Busund LT, Bremnes 

RM (2011) Diverging prognostic impacts of hypoxic markers according to BSCLA 
histology. Lung Cancer 72: 294-302.

Apte RS, Chen DS, Ferrara N (2019) Vegf in signaling and disease: Beyond discovery 
and development. Cell 176: 1248-1264. 

Barbi J, Pardoll D, Pan F (2013) Metabolic control of the treg/th17 axis. Immunol 
Rev 252: 52-77.

Bell EL, Klimova TA, Eisenbart J, Moraes CT, Murphy MP, Budinger GRS, Chandel 
NS (2007) The Qo site of the mitochondrial complex III is required for the trans-
duction of hypoxic signaling via reactive oxygen species production. J Cell Biol 
177: 1029-1036. 

Bersten DC, Sullivan AE, Peet DJ, Whitelaw ML (2013) Bhlh-pas proteins in cancer. 
Nature Rev Cancer 13: 827-841. 

Brooks SA, Lomax-Browne HJ, Carter TM, Kinch CE, Hall DMS (2010) Molecular 
interactions in cancer cell metastasis. Acta Histochem 112: 3-25.

Chambers AF, Groom AC, MacDonald IC (2002) Dissemination and growth of cancer 
cells in metastatic sites. Nature Rev Cancer 2: 563-572. 

Chang YL, Yang CY, Lin MW, Wu CT, Yang PC (2016) High co-expression of PD-L1 
and HIF-1α correlates with tumour necrosis in pulmonary pleomorphic carcinoma. 
Eur J Cancer 60: 125-135.

Chen JF, Jiang HJ, Wang XR, Fang CQ, Li JH (2014) Expression of hypoxia inducible 
Factor-1 in Non-small cell lung cancer of pleural effusion and its correlation with 
tumor angiogenesis. Chin J Histochem Cytochem 23(001): 77-81.

Chen YQ, Zhao CL, Li W (2009) Effect of hypoxia-inducible factor-1α on transcrip-
tion of survivin in non-small cell lung cancer. J Exp Clin Cancer Res 28: 29. 

Couvelard A, Deschamps L, Rebours V, Sauvanet A, Gatter K, Pezzella F, 
Ruszniewski P, Bedossa P (2008) Overexpression of the oxygen sensors PHD-1, 
PHD-2, PHD-3, and FIH Is associated with tumor aggressiveness in pancreatic 
endocrine tumors. Clin Cancer Res 14: 6634-6639.

Dewhirst MW, Cao Y, Moelleret B (2008) Cycling hypoxia and free radicals regulate 
angiogenesis and radiotherapy response. Nature Rev Cancer 8: 425-437.

Du XY, Yang LH, Fan ZX (2020) The relationship between Il-6 and hif-1a, th17/treg 
cell regulation in the development of crs. Guangdong Chem Ind 47: 71-73.

Enatsu S, Iwasaki A, Shirakusa T, Hamasaki M, Nabeshima K, Iwasaki H, Kuroki M 
(2006) Expression of hypoxia-inducible factor-1 alpha and its prognostic signifi-
cance in small-sized adenocarcinomas of the lung. Eur J Cardio-Thorac Surg 29: 
891-895.

Erratum (2020) Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal 
for Clinicians 70: 313-313.

Fan LF, Diao LM, Chen DJ, Liu MQ, Zhu LQ, Li HG, Tang ZJ, Xia D, Liu X, Chen 
HL (2002) The expression of hypoxia-inducible factor-1α in lung cancer tissues 
and its relationship with apoptosis and proliferation. Cancer 3: 254-258.

Gu WL (2010) The role of Hif-1α in tumor hypoxic microenvironment and 
the research progress of targeted therapy. Chinese Journal of Oncology 
CNKI:SUN:NXYX.0.2010-06-026.

Guerrera F, Renaud S, Tabbó F, Voegeli’ AC, Filosso PL, Legrain M, Boita M, 
Schaeffer M, Beau-Faller M, Ruffini E, Falcoz PE (2017) Epidermal growth 
factor receptor mutations are linked to skip n2 lymph node metastasis in resected 
non-small-cell lung cancer adenocarcinomast. Eur J Cardio-Thorac Surg 51: 
680-688. 

Guiding Principles for the Clinical Application of New Anti-tumor Drugs (2019 
Edition) (2020) Electr J Comprehens Cancer Treatm 6: 16-47.

Guo R, Li Y, Wang Z, Bai H, Duan J, Wang S, Wang L, Wang J (2019) Hypoxia-induc-
ible factor-1α and nuclear factor-κb play important roles in regulating programmed 
cell death ligand 1 expression by epidermal growth factor receptor mutants in 
non-small-cell lung cancer cells. Cancer Sci 110: 1665-1675.

Guo ZR (2002) Research progress of hypoxia in malignant tumors. Chongqing Medi-
cine 05: 428-430.

Hao CM, Li J (2019) The 2019 Nobel Prize in Physiology and Medicine: The mech-
anism of changes in the body’s cells to sense oxygen and the adaptive response. 
Acta Physiol Sin 71: 946-949.

Hirami Y, Aoe M, Tsukuda K, Hara F, Otani Y, Koshimune R, Hanabata T, Nagahiro I, Sano 
Y, Date H (2004) Relation of epidermal growth factor receptor, phosphorylated-Akt, and 
hypoxia-inducible factor-1α in non-small cell lung cancers. Cancer Lett 214: 157-164.

Hudson CC, Liu M , Chiang GG , Otterness DM, Loomis DC, Fiona K, Giaccia 
AJ, Abraham RT (2002) Regulation of hypoxia-inducible factor 1α expression and 
function by the mammalian target of rapamycin. Mol Cell Biol 20:7004. 

Hung JJ, Yang MH, Hsu HS, Hsu WH, Liu JS, Wu KJ (2009) Prognostic significance 
of hypoxia-inducible factor-1alpha, TWIST1 and Snail expression in resectable 
non-small cell lung cancer. Thorax 64: 1082-1089.

Ikezawa Y, Sakakibara-Konishi J, Mizugaki H, Oizumi S, Nishimura M (2017) 
Inhibition of Notch and HIF enhances the antitumor effect of radiation in Notch 
expressing lung cancer. Int J Clin Oncol 22: 59-69.

Isaacs JS, Jung YJ, Mimnaugh EG, Alfredo M, Frank C, Neckers LM (2002) Hsp90 
regulates a von Hippel Lindau-independent hypoxia-inducible factor-1 alpha-deg-
radative pathway. J Biol Chem 277: 29936-29944.

Ivan M, Kondo K, Yang H, Kim W, Valiando J, Ohh M, Salic A, Asara JM, Lane WS, 
Kaelin WG (2001) HIFalpha targeted for VHL-mediated destruction by proline 
hydroxylation: implications for O

2
 sensing. Science 292: 464-468.

Jiang BH, Zheng JZ, Leung SW, Roe R, Semenza GL (1997) Transactivation and 
inhibitory domains of hypoxia-inducible factor 1alpha. Modulation of transcrip-
tional activity by oxygen tension. J Biol Chem 272: 19253-60.

Kaelin WG (2017) Common pitfalls in preclinical cancer target validation. Nature 
Rev Cancer 17: 425-440.

Kamura T, Koepp DM, Conrad MN, Skowyra D, Moreland RJ, Iliopoulos O, Lane 
WS, Kaelin WG, Elledge SJ, Conaway RC, Harper JW, Conaway JW (1999) Rbx1, 
a component of the VHL tumor suppressor complex and SCF ubiquitin ligase. 
Science 284: 657-661.

Kang M, Jiang B, Xu B, Lu WJ, Guo QQ, Xie QP, Zhang B, Dong X, Chen D, Wu 
YL (2013) Delta like ligand 4 induces impaired chemo-drug delivery and enhanced 
chemoresistance in pancreatic cancer. Cancer Lett 330: 11-21.

Koshikawa N, Iyozumi A, Gassmann M, Takenaga K (2003) Constitutive upregula-
tion of hypoxia-inducible factor-1 α mRNA occurring in highly metastatic lung 
carcinoma cells leads to vascular endothelial growth factor overexpression upon 
hypoxic exposure. Oncogene 22: 6717-6724. 

Li G, He L, Zhang E, Shi JL, Zhang QZ, Le AD, Zhou KY, Tang XD (2011) Overex-
pression of human papillomavirus (hpv) type 16 oncoproteins promotes angiogen-
esis via enhancing hif-1α and vegf expression in non-small cell lung cancer cells. 
Cancer Lett 311: 160-170.

Li N, Gao WJ, Liu NS (2017) Lncrna bcar4 promotes proliferation, invasion and 
metastasis of non-small cell lung cancer cells by affecting epithelial-mesenchymal 
transition. Eur Rev Med Pharmacol Sci 21: 2075.

Li YF, Liu DS, Liu ZF (2020) The correlation between Caspase-9, xiap and non-small 
cell lung cancer. Chin J Gerontol 40: 4403-4406.

Liu D, Lin HB, Xin S, Chen L, Luo FD, Lin L,Shi W, Lin FJ, Huang XZ (2019) The 
clinical significance of serum levels of il-17 and il-22 in patients with lung cancer 
in clinical staging and prognosis. Int Med Health Guidance News 16: 2712-2714.

Liu WT, Jing YY, Yan F, Han ZP, Lai FB, Zeng JX, Yu GF, Fan QM, Li R, Zhao 
QD, (2016) Lps-induced cxcr4-dependent migratory properties and a mesenchy-
mal-like phenotype of colorectal cancer cells. Cell Adhes Migration 11: 13-23.

Liu XJ, Zhang WG, Yao J, Liu XC (2020) Application analysis of Ca724, ca153, psa, 
hcg in pathological diagnosis, clinical staging and prognosis evaluation of patients 
with lung cancer. J Clin Pulmon Med 25: 1405-1410.

Liu XZ, Zhang LT, Tong WQ, Wang S, Xu ZB, Chen F (2016) Research progress on 
molecular mechanisms of lung cancer invasion and metastasis. J Chin Acad Med 
Sci 38: 108-112.

Lu X, Xiao L, Shen F, Xiao W (2014) Vasculogenic mimicry in non-small cell lung 
cancer and its relationship with tumor stage. Sino-German J Clin Oncol 24: 207-211.

Mabjeesh NJ, Escuin D, LaVallee TM, Pribluda VS, Swartz GM, Johnson MS, Willard 
TM, Zhong H, Simons JW, Giannakakou P (2003) 2ME2 inhibits tumor growth 
and angiogenesis by disrupting microtubules and dysregulating HIF. Cancer Cell 
3: 363-375.

Majumder PK, Febbo PG, Bikoff R, Berger R, Xue Q, McMahon LM, Manola J, 
Brugarolas J, McDonnell TJ, Golub TR (2004) mTOR inhibition reverses Akt-de-
pendent prostate intraepithelial neoplasia through regulation of apoptotic and 
HIF-1-dependent pathways. Nature Med 10: 594-601.

Masoud GN, Li W (2015) Hif-1α pathway: Role, regulation and intervention for 
cancer therapy. Acta Pharm Sin B 5: 378-389. 

Minhong Y, Greg DP (2007) Delta-like 4/Notch signaling and its therapeutic implica-
tions. Clin Cancer Res 13: 7243-7246.

Moeller BJ, Richardson RA, Dewhirst MW (2007) Hypoxia and radiotherapy. Oppor-
tunities for improved outcomes in cancer treatment. Cancer Metastasis Rev 26: 
241-248.

Peng YF, Lin H, Han MM, Li L (2018) Serum carbohydrate antigen 153 and renal 
function in patients with type 2 diabetes mellitus. J Clin Lab Anal 32: e22461.

Peurala E, Koivunen P, Bloigu R, Haapasaari KM, Jukkola-Vuorinen A (2012) Expres-
sions of individual PHDs associate with good prognostic factors and increased 
proliferation in breast cancer patients. Breast Cancer Res Treatm 133: 179-188.



REVIEW

411Pharmazie 76 (2021)

Qi Q, Wang CM, Yang J, Tian Y, Feng C (2020) The correlation between Hif-1α, 
pd-l1 and lymphatic metastasis of non-small cell lung cancer. Chin J Lung Dis 
13: 242-246.

Qian J, Bai H, Gao Z, Dong YU, Pei J, Ma M, Han BH (2016) Downregulation 
of hif-1α inhibits the proliferation and invasion of non-small cell lung cancer 
nci-h157 cells. Oncol Lett 11: 1738-1744. 

Wu XH, Qian C, Yuan K (2011) Correlations of hypoxia-inducible factor-1α/hypox-
ia-inducible factor-2α expression with angiogenesis factors expression and prog-
nosis in non-small cell lung cancer. Chin Med J 1: 11-18.

Qun Z, Yong L, Bi-Bo T, Li-qiao F, Pei-gang Y, Yuan T (2015) Hif-1α induces 
multidrug resistance in gastric cancer cells by inducing mir-27a. PLoS one 10: 
e0132746.

Reed JC (1997) Double identity for proteins of the bcl-2 family. Nature 387: 773-776.
Rho J, Choi Y, Lee J, Ryoo BY, Na I, Yang S, Kim C, Yoo Y, Lee J (2009) Gefitinib 

circumvents hypoxia-induced drug resistance by the modulationof hif-1α. Oncol 
Rep 21: 801-807.

Roth JA, Swisher SG, Merritt JA, Lawrence DD, Kemp BL, Carrasco CH, El-Naggar 
AK, Fossella FV, Glisson BS, Hong WK (1998) Gene therapy for non-small cell 
lung cancer: a preliminary report of a phase I trial of adenoviral p53 gene replace-
ment. Seminars Oncol 25: 33-37.

Sanghui P, Yeon HS, Yee CH, Hae CD, Rae KN, Junshik H, Kyung CE (2011) Prog-
nostic implications of hypoxia-inducible factor-1α in epidermal growth factor 
receptor-negative non-small cell lung cancer. Lung Cancer 72: 100-107. 

Schumacker PT (2006) Hypoxia-inducible factor-1 (hif-1). Crit Care Med 33: 
423-425.

Semenza G L (2003) Targeting hif-1 for cancer therapy. Nat Rev Cancer 3: 721-732.
Semenza GL, Agani F, Booth G, Forsythe J, Iyer N, Jiang BH, Leung S, Roe R, 

Wiener C, Yu A (1997) Structural and functional analysis of hypoxia-inducible 
factor 1. Kidney Int 51: 553-555.

Semenza GL (2014) Oxygen sensing, hypoxia-inducible factors, and disease patho-
physiology. Ann Rev Pathol: Mechanisms Dis 9: 47-71.

Seo M, Lee WH, Suk K (2010) Identification of novel cell migration-promoting genes 
by a functional genetic screen. FASEB J 24: 464-478.

Shen YB, Chen YQ, Wang XJ, Li W, Shu HM (2011) Effect of Hif-1α gene silencing 
on the growth of human lung adenocarcinoma a549 cell xenografted tumor and 
survivin expression in nude mice. Pract J Cancer 26:111-114.

Siddhesh A, Oleg P, Natascha S, Russell F, Maik H, Norbert W, Lawrence IG (2013) 
Oxygen-dependent expression of cytochrome coxidase subunit 4-2 gene expres-
sion is mediated by transcription factors RBPJ, CXXC5 and CHCHD2. Narnia 
41: 2255-2266.

Sipeng S, Ruyang Z, Yichen G, Elizabeth L, Yongyue W, Ying Z, Qianyu Y, Sebas-
tian M, Thomas F, Maria MB (2018) A multi-omic study reveals BTG2 as a reli-
able prognostic marker for early-stage non-small cell lung cancer. Mol Oncol 12: 
913-924.

Soler A, Serra H, Pearce W, Angulo A, Guillermet-Guibert J, Friedman LS, Vinals F, 
Gerhardt H, Casanovas O, Graupera M (2013) Inhibition of the p110α isoform of 
pi 3-kinase stimulates nonfunctional tumor angiogenesis. J Exp Med 210: 1937-
1945.

Sun JH (2015) Abnormal expression and relationship of vegf and dll4/notch pathway 
molecules in patients with lung cancer under hypoxic conditions. Shandong 
University.

Sun JJ, Wei L, Zhang DX, Wang XW, Lu LY, Wang HX (2015) The clinical signifi-
cance and correlation of snail, hif-1α and e-cadherin expression in non-small cell 
lung cancer. Cancer Res Prevent Treatm 42: 37-40. 

Swinson DEB, Louise JJ, Cox G, Richardson D, Harris AL, Byrne KJO (2004) 
Hypoxia-inducible factor-1 alpha in non small cell lung cancer: Relation to growth 
factor, protease and apoptosis pathways. Int J Cancer 111: 43-50.

Tan LY, Wang HX, Guo LC, Zhao JJ, Li JM (2016) The expression and signifi-
cance of Cd147, egfr and hif-1α in non-small cell lung cancer. Jiangsu Med 42: 
423-427+497.

Thurston G, Noguera-Troise I, Yancopoulos GD (2007) The Delta paradox: DLL4 
blockade leads to more tumour vessels but less tumour growth. Nature Rev Cancer 
7: 327-331.

Trisciuoglio D, Tupone MG, Desideri M, Di MM, Gabellini C, Buglioni S, Pallocca 
M, Alessandrini G, D’Aguanno S, Del BD (2017) BCL-X

L 
overexpression 

promotes tumor progression-associated properties. Cell Death Dis 8: 3216.
Volm M and Koomägi R (2000) Hypoxia-inducible factor (hif-1) and its relationship 

to apoptosis and proliferation in lung cancer. Anticancer Res 20: 1527-33.
Wang G (2017) The effect of interaction between Hif-1α and bcl-2 on radiosensitivity 

of non-small cell lung cancer cells. Anhui Medical University.
Wang G (2018) The effect of type 2 diabetes on the prognosis of patients with 

non-small cell lung cancer undergoing radical surgery and its correlation with the 
expression of igf-1r and hif-1α. China Medical University.

Wang J and Hao JH (2013) The role of Hif-1α in tumor hypoxic microenvironment 
and the research progress of targeted therapy. Chin J Oncol 40: 1072-1075. 

Wang Y, Fu M, Liu J, Yang Y, Yu Y, Li J, Pan W, Fan L, Li G (2019) Inhibition of 
tumor metastasis by targeted daunorubicin and dioscin codelivery liposomes modi-
fied with PFV for the treatment of non-small-cell lung cancer. Int J Nanomed 14: 
4071-4090.

Wang BQ, Liang NX, Li DQ (2013) Progress in diagnosis and treatment of pleomor-
phic lung cancer. Chin J Clinicians 4: 1723-1726. 

Wei SJ, You JL (2008) Research progress of anti-lung cancer angiogenesis mechanism 
and targeted therapy drugs. Hebei Med 30: 1953-1955.

Wei Y, Liang J, Zhang R, Guo Y, Shen S, Su L, Lin X, Moran S, Helland A, Bjaanæs 
MM (2018) Epigenetic modifications in kdm lysine demethylases associate with 
survival of early-stage NSCLC. BioMed Central 10: 41.

Wu CW, Sun CY, Pan YZ, Yang NH, Zeng YW, Sheng MH, Han M (2019) Study on 
the diagnostic value of Ercp biliary tract brushing combined with tumor marker 
detection for malignant biliary obstruction. Chin J Dig Endosc 4: 283-287.

Wyckoff JB, Jones JG, Condeelis JS, Segall JE (2000) A critical step in metastasis: 
In vivo analysis of intravasation at the primary tumor. Cancer Res 60: 2504-2511. 

Xie G, Zheng L, Ou J, Huang H, He J, Li J, Pan F, Liang H (2012) Low expression of 
prolyl hydroxylase 2 is associated with tumor grade and poor prognosis in patients 
with colorectal cancer. Exp Biol Med 237: 860-866. 

Xu CY (2017) Research progress of tumor angiogenesis mimicry and HIF-1α 
signaling pathway. Med J Chin People’s Armed Forces 28: 1179-1182.

Yang N, Liang Y, Yang P, Ji F (2017) Propofol suppresses LPS-induced nuclear accu-
mulation of HIF-1α and tumor aggressiveness in non-small cell lung cancer. Oncol 
Rep 37: 2611-2619.

Yang SL, Ren QG, Wen L, Hu JL (2016) Clinicopathological and prognostic signifi-
cance of hypoxia-inducible factor-1 alpha in lung cancer: A systematic review with 
meta-analysis. J Huazhong Univ Sci Technol 36: 321-327.

Yang SL, Ren QG, Wen L, Hu JL (2016) Clinicopathological and prognostic signifi-
cance of hypoxia-inducible factor-1 alpha in lung cancer: A systematic review with 
meta-analysis. Curr Med Sci 36: 321-327.

Yang Y, Cao J (2007) Research progress of relevant markers for early diagnosis of 
lung cancer. J Diagn Pathol 3: 229-231. 

Yuan N (2012) The expression of hypoxia-inducible factor-1α and tumor growth 
factor in non-small cell lung cancer and their relationship with radiotherapy. Hebei 
Medical University.

Yuji H, Motoi A, Kazunori T, Fumikata H, Yu O, Ryuichiro K, Tetsuro H, Itaru N, 
Yoshifumi S and Hiroshi D (2004) Relation of epidermal growth factor receptor, 
phosphorylated-akt, and hypoxia-inducible factor-1alpha in non-small cell lung 
cancers. Cancer Lett 214: 157-164.

Yuki N, Hisashi M, Thompson EW, Takahisa T, Yoshio E, Hiroshi S (2008) Activa-
tion of matrix metalloproteinase-2 (MMP-2) by membrane type 1 matrix metallo-
proteinase through an artificial receptor for proMMP-2 generates active MMP-2. 
Cancer Res 68: 9096-9104.

Zhang GQ, Han F, Fan XW (2008) Analysis on the 5-year survival rate and survival 
factors in patients with non-small cell lung cancer. J Xinjiang Med Univ 01: 53-56.

Zhang JX, Cai MB, Wang XP, Duan LP, Shao Q, Tong ZT, Liao DZ, Li YY, Huang 
MY, Zeng YX (2013) Elevated dll4 expression is correlated with vegf and predicts 
poor prognosis of nasopharyngeal carcinoma. Med Oncol 30: 1-10.

Zhang Q, Zhu L, Wang G, Zhao Y, Xiong Na, Bao H, Jin W (2017) Ionizing radia-
tion promotes CCL27 secretion from keratinocytes through the cross talk between 
TNF-α and ROS. J Biochem Mol Toxicol 31: 10.1002/jbt.21868.

Zhang YB, Sun L, Wang JP, Song LJ, Xia JH (2018) Expression and significance of 
CHCHD2 and HIF-1α in non-small cell lung cancer. J Clin Exp Pathol 34: 1230-
1234.

Zhang R, Lai L, He J, Chen C, You D, Duan W, Dong X, Zhu Y, Lin L, Shen S, Guo 
Y, Su L, Shafer A, Moran S, Fleischer T, Bjaanæs MM, Karlsson A, Planck M, 
Staaf J, Helland Å, Esteller M, Wei Y, Chen F, Christiani DC (2019) EGLN2 DNA 
methylation and expression interact with HIF1A to affect survival of early-stage 
NSCLC. Epigenetics 14: 118-129.

Zhao CL (2019) Effect of human umbilical cord mesenchymal stem cells (hucmscs) 
on the proliferation of lung adenocarcinoma a549 cells under hypoxia and its 
mechanism. Shandong University.

Zhao X (2011) Detection and clinical significance of th17/treg cells and related cyto-
kines in patients with lung cancer. Shanxi Medical University.

Zhu LY, Chen P, Jiang YS (2007) The expression of COX-2 and HIF-1α in non-small 
cell lung cancer tissues and their relationship with tumor angiogenesis. J Chin 
Phys 10: 1340-1342.


