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Abstract. Over the past 60 years, thalidomide has metamor-
phosized from a drug prescribed to treat morning sickness 
in pregnant women, which was subsequently found to induce 
birth defects, into a highly effective therapy for treating 
leprosy and multiple myeloma. Several mechanisms have been 
proposed to explain the anticancer effects of thalidomide, 
including antiangiogenic and immunomodulatory activities. 
At present, evidence suggests that thalidomide may induce 
vessel maturation. Vascular normalization may be an effective 
strategy to enhance cancer immunotherapy. Numerous studies 
have shown that the tumor infiltrating immune cell subsets are 
important in regulating the process of tumor angiogenesis. The 
mechanisms associated with antiangiogenesis and the potent 
immunomodulatory effects of thalidomide obtained the most 
support. The studies of the antiangiogenic activity of thalido-
mide were guided in a novel direction by a hypothesis regarding 
the vascular normalization of tumors. Hence, thalidomide is 
effective in cancer treatment due to the interaction between 
immune cells and tumor vasculature. This mechanism provides 
new avenues to explore for the treatment of cancer.
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1. Introduction

Thalidomide was initially synthesized as a non‑addictive, 
non‑barbiturate sedative by the German pharmaceutical 
company Chemie-Grünenthal in the late 1950's. It was discov-
ered to be an effective antiemetic and was then used to control 
symptoms of nausea and vomiting in pregnant women. It was 
not until 1961 that thalidomide was validated as the cause 
of the largest man-made medical disaster in history with an 
estimated 10,000 children in 46 countries born with birth 
defects. Subsequently, thalidomide was withdrawn from most 
countries. In the following decades, the immunomodulatory 
and antiangiogenic effects of thalidomide were discovered 
and recognised as a novel indication for treatment with 
thalidomide. In 1965, Sheskin (1) serendipitously discovered 
that the immunomodulatory effects of thalidomide could be 
used to successfully cure erythema nodosum leprosum. In 
1994, D'Amato et al (2) discovered that orally administered 
thalidomide inhibits angiogenesis induced by basic fibroblast 
growth factor (FGF) in a rabbit cornea micropocket assay. Due 
to these mechanisms, thalidomide was used to treat multiple 
myeloma and shown to be highly effective (3). To date, studies 
have been performed to examine the efficacy of thalidomide in 
the treatment of solid tumors, such as prostate cancer, glioblas-
toma and squamous cell carcinoma of the neck (4-8).

In 2005, Jain suggested that certain antiangiogenic agents 
can also ̔normalize̓ the abnormal structure and function of 
tumor vasculature to make it more efficient for oxygen and 
drug delivery (9). Subsequently, several studies of thalidomide 
suggested that it reduces tumor vessel density and tumor 
interstitial fluid pressure, while improving perfusion and 
oxygenation in preclinical fibrosarcoma and liver carcinoma 
models. Although the time of improved oxygenation only lasted 
for 2-4 days of thalidomide treatment  (10), it demonstrated 
that thalidomide probably temporarily reversed tumor vessels 
towards a more normal phenotype. In vitro, thalidomide analogs 
also inhibited proliferative effects on human umbilical vein 
endothelial  cells  (11). These studies explored the vascular 
remodeling effect of thalidomide without associating vascular 
normalization with effects on immune cells. The immuno-
modulatory properties of thalidomide have been the focus of 
mechanistic studies of the therapeutic effects of thalidomide 
in patients with different types of cancer (12-14). The potent 
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immunomodulatory activity of thalidomide mainly alters the 
secretion and activity of various cytokines (12-18). To some 
extent, these cytokines control the balance between pro-
angiogenic and anti‑angiogenic effects. Thalidomide has also 
been demonstrated to regulate immune cells, such as regulatory 
T cells (Treg) and natural killer (NK) cells, which resulted 
in enhanced tumor surveillance defence (13). The potential 
̔vascular normalization̓ of thalidomide may also create a micro-
environment of immune‑activating cells in tumors, thereby 
leading to immune cell polarization and cytokine changes. 
Thus, we suggest that the interaction between immune cells and 
normal tumor vasculature is the principal mechanism respon-
sible for the effects of thalidomide in the treatment of cancer.

In this review, we have discussed the regulation of the inter-
play between tumor vessels and immune cells by thalidomide. 
Targeted therapy with thalidomide may improve the efficacy 
of anticancer therapy.

2. Mechanisms of action of thalidomide

Antiangiogenic activity of thalidomide. The mechanism 
responsible for the antiangiogenic effects of thalidomide has 
been discovered and defined. D'Amato et al have determined 
the critical role of angiogenesis in the progression and metas-
tasis of cancer, based on antiangiogenic effects in rabbits, and 
thalidomide was first examined as a novel agent for the treat-
ment of patients with resistant myeloma (2,3). Subsequently, 
the potential antiangiogenic effects of thalidomide were also 
demonstrated in humans and several other species  (19-22). 
Many clinical and preclinical investigations showed that the 
antiangiogenic activity of thalidomide is associated with a 
series of events as well as certain molecules. Verheul et al (23) 
demonstrated that thalidomide is capable of inhibiting the 
effects of FGF2 or vascular endothelial growth factor (VEGF) 
on tumor growth in an animal model. The decreased plasma 
levels of angiogenic growth factors in patients with multiple 
myeloma treated with thalidomide were documented by 
Bertolini et al (24). Such effects were also observed in other 
types of cancer, such as lung adenocarcinoma as well as head 
and neck squamous cell carcinoma (25,26). Furthermore, the 
effects of insulin-like growth factor (IGF)-1 and FGF2 can be 
reversed by thalidomide. Thalidomide eliminates their stimula-
tion of the transcription of αv and β3 integrin subunit genes 
through intercalating into the GC box in the promoters of 
IGF-1 and FGF2 genes, which inhibits the angiogenic effects 
of the αvβ3  integrin dimer  (27,28). It has also been noted 
that thalidomide is involved in the inhibition of cyclooxy-
genase-2 (COX-2), a key enzyme responsible for the formation 
of prostaglandins (PGs) (29). COX-2 was shown to be required 
for angiogenesis in a rat corneal model and COX-2‑derived 
PGE2, which is a potent inducer of the angiogenic switch during 
the progression of mammary cancer (30,31). Many important 
molecules involved in embryonic vascular development and 
patterning have been reported to exhibit changed expres-
sion patterns following thalidomide exposure, for example, 
actin, tubulin, integrins, VEGF, platelet-derived growth 
factor (PDGF)β, nitric oxide, ceramide, angiopoietins (Ang), 
Notch, hypoxia-inducible factor (HIF), Slit2/Robo signaling 
and reactive oxygen species (27,28,32-35). These molecules 
are associated with angiogenesis in both physiological and 

pathological states, and thalidomide can inhibit angiogenesis 
through affecting changes in the expression of these molecules. 
However, it remains unclear whether the mechanism of 
thalidomide regulation can exert different effects on tumor 
angiogenesis.

Normalization of tumor vasculature by thalidomide. It is 
now well established that angiogenesis plays a major role in 
the aggressive behavior and metastatic potential of various 
solid tumors. However, the antitumor effects of thalidomide 
did not always correlate with reductions in tumor microves-
sels in patients. Despite observing a strong association 
between thalidomide and decreased microvessel density in 
xenografted primary human myeloma cells in a mouse model 
which responded to treatment, it was not possible to conclude 
whether reduced microvessel density is a primary result of the 
anti‑angiogenic activity of thalidomide or secondary to reduced 
tumor burden (2). Patients or the animal model treated with 
thalidomide appeared to exhibit survival benefits due to the 
alleviation of hypoxia and the increased perfusion/oxygenation 
as well as the reduced microvessel density of the tumor (3). 
Thus, thalidomide was discovered to induce tumor reoxygen-
ation and extensive vascular remodeling when combined with 
radiotherapy and chemotherapy (10,36). These findings suggest 
that thalidomide is capable of remodeling tumor vessels and 
promoting the normalization of tumor vasculature. Therefore, 
the mechanisms addressing the anti‑angiogenic activity of 
thalidomide are complex and yet to be completely elucidated. 
In addition, it was discovered that thalidomide and its analogs 
can decrease levels of pro‑angiogenic factors and increase anti-
angiogenic factors in vivo and in vitro. Lebrin et al analyzed 
whether the target vessel effect of thalidomide in individuals 
with hereditary hemorrhagic telangiectasia (HHT) correlated 
with PDGF-B (37). Thalidomide treatment stimulated mural 
cell coverage and rescued vessel wall defects. It also increased 
PDGF-B  expression in endothelial  cells and stimulated 
mural cell activation. Moreover, simultaneous treatment of 
postnatal wild-type mice with a high dose of thalidomide 
and imatinib mesylate, a potent inhibitor of PDGF receptor 
tyrosine kinase activity, was sufficient to restore postnatal 
retinal vascular development. Thus, blocking PDGF signaling 
counteracts the effects of thalidomide on angiogenesis and 
on the apposition of pericytes to the endothelial cells of the 
blood  vessels. Therefore, the data has established PDGF 
as a key mediator of the effects of thalidomide. This study 
established the association between thalidomide and vascular 
normalization in HHT. At the same time, the investigator 
discovered that vascular normalization is dependent on the dose 
of thalidomide. High doses of thalidomide (100 µg ml-1) caused 
vessel pruning and inhibited vessel formation. By contrast, 
lower doses (10-50 µg ml-1) enhanced endothelial sprouting, 
and low concentrations (25 µg ml-1) stimulated the recruitment 
of mural cells to the vessel branches (37). Clinical manifesta-
tions of HHT include arteriovenous malformations, which 
resemble the morphology of heterogeneous tumor vessels. The 
data demonstrated the ability of thalidomide to induce vessel 
maturation, which could be a potential indication for the study 
of thalidomide in cancer treatment. The vascular normaliza-
tion hypothesis proposes that direct or indirect antiangiogenic 
therapy usually restores the imbalance between pro-  and 
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anti‑angiogenic factors back towards equilibrium. As a result, 
vessel structure and function become normal (38).

Immunomodulatory properties of thalidomide. Cytokines 
are inflammatory mediators that play important roles in the 
pathogenesis of cancer. Over the last few decades, efforts 
have focused on ways to use cytokines to manipulate the host 
immune response towards recognising and eradicating cancer 
cells (39). Thalidomide regulates the secretion and activity of 
various cytokines including interleukin (IL), tumor necrosis 
factor  (TNF), interferon  (IFN) and growth factor. These 
modulatory effects of thalidomide may contribute to the 
suppression of proliferation, inflammation and angiogenesis 
as well as of the immune system. Thalidomide can inhibit the 
effects of FGF2 or VEGF resulting in anti‑angiogenic effects 
on tumor growth in animal model (28). As a pro‑inflammatory 
cytokine, TNF-α plays a critical role in cancer. Thalidomide 
inhibited TNF-α synthesis by increasing the degradation of 
TNF-α mRNA which resulted in the decreased expression 
of multiple cell  surface adhesion molecules. These broad 
effects have been attributed to the blocking of the activation 
of nuclear factor-κB (NF-κB) which is a key transcriptional 
regulator of inflammatory genes. Thalidomide achieved the 
modulations by suppressing IκB kinase activity and contrib-
uting to the suppression of the proliferation of cancer cells. On 
the one hand, thalidomide acts to costimulate CD8+ T cells 
resulting in the enhanced production of IL-2, IL-12 and 
IFN-α (17). On the other hand, IL-2 in turn enhances T cell 
proliferation whereas IL-12 and IFN-α activate NK cells to 
eliminate cancer cells (12,13). Thus, thalidomide significantly 
enhances antiangiogenic and antitumor activities by regulating 
changes in cytokine expression in the tumor milieu. Moreover, 
thalidomide also increases the susceptibility of cancer cells to 
apoptosis by downregulating the antiapoptotic protein Bcl-2 
and enhancing the sensitivity to Fas-induced apoptosis, and 
downregulating NF-κB activity (40,41). In addition to immu-
nomodulatory properties, thalidomide is associated with 
DNA damage and oxidative stress through a signaling pathway 
mediating different cytokines. In 2010, thalidomide was found 
to bind to the protein cereblon (21) which led to the activation 
of immune cells and the secretion of cytokines. Thus, another 
novel signaling pathway between cytokines and immune cells 
via the downstream targets of the complex with thalidomide 
was established. While low amounts of cereblon in multiple 
myeloma cells correlate with clinical drug resistance and poor 
survival outcomes (42), this novel mechanism of thalidomide 
may lead to the identification of a new class of therapeutics for 
treatment of another type of cancer.

3. Vascular normalization by thalidomide enhances 
immunomodulatory effect

Since the vascular changes alone are unlikely to explain the inhi-
bition of tumor growth by thalidomide, the immune response 
of tumors through vascular normalization is probably involved. 
The vascular system ensures the delivery of immune cells to all 
organs and tissues (43). Therefore abnormal tumor vasculature 
creates a hypoxic microenvironment that polarizes immune cells 
toward immune suppression. Simultaneously, hypoxia alters 
various metabolic pathways in cancer cells leading to the accu-

mulation of immunosuppressive metabolites (44,45). Hence, 
treatments resulting in vascular normalization may be an effec-
tive modality to potentiate immunomodulatory effects (46). 
Thalidomide, an agent possessing the potential function of 
vascular normalization, stimulates vessel maturation and 
alleviates hypoxia, so the normalization of the tumor microen-
vironment by repairing the function of tumor vessels may be a 
promising strategy to enhance immunomodulatory effects and 
slow tumor progression. RGS5 deficiency and the histidine-
rich glycoprotein (HRG) have been demonstrated to show a 
mechanistic link between vessel normalization and enhancing 
immune cell infiltration and function (47,48). Many studies 
have demonstrated the benefits of antiangiogenic treatment on 
the efficacy of cancer immunotherapy in terms of pharmaco-
logical and clinical implications (Table I). These results suggest 
that there is a strong correlation between immune cells and 
vascular normalization, as shown in Fig. 1. This may represent 
a potential mechanism of thalidomide.

Thalidomide was demonstrated to transiently ̔normalize̓ 
the abnormal structure and function of tumor vasculature in 
order to enhance the efficiency of oxygen and drug delivery (20). 
It has also been shown to possess potent anti-inflammatory 
and immunomodulatory activities. Tumor‑related angiogen-
esis supports tumor growth and is also a main obstacle for 
successful immune therapy as it prevents the migration of 
immune effector cells into established tumor parenchyma. 
Thalidomide potentially remodeled tumor vessels and then 
attracted immune effector cells into the established tumor 
parenchyma. Thalidomide probably polarizes the immune cell 
phenotype and forms an immunosupportive tumor microenvi-
ronment by vascular normalization resulting in the inhibition 
of tumor growth. The molecular mechanisms responsible 
for the effects of thalidomide on immune cells and vascular 
normalization will be the focus of future studies as therapeutic 
effects in patients with different types of cancer were associ-
ated with both properties.

4. Effect of thalidomide on angiogenesis and vascular 
remodeling mediated through various types of immune cells

Thalidomide affects immune cells. In clinical investigations, 
the type and density of intra-tumoral immune cells were 
validated as reliable parameters for the evaluation of patient 
clinical outcomes in certain types of cancer (49-51). Therapies 
targeting immune  cells has been an efficient strategy for 
treating tumors. Although the immunomodulatory activity of 
thalidomide mainly lies in its capability to alter the secretion 
and activity of various cytokines, thalidomide has been exten-
sively investigated for T cell costimulation and modulation 
of the activities of NK cells. Thalidomide suppressed tumor 
growth by activating T cells in HIV-infected individuals and 
NK cells in mice (13,17). Lenalidomide and pomalidomide, 
which are thalidomide analogues, strongly inhibit the prolif-
eration of Tregs as well as suppressing the function of Tregs. 
This outcome suggests that thalidomide may potentially inhibit 
Tregs, which may help to overcome an important barrier to 
tumor-specific immunity in cancer patients (52).

An efficient immune response depends on the appropriate 
distribution and positioning of immune cells within dynamic 
tissue microenvironments. The different immune cells can 
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also affect blood vessel neoformation and remodeling (53-55). 
As summarized in Fig.  2, every type of immune cell has 
been shown to affect the process of tumor angiogenesis 
either directly or indirectly by releasing regulatory cytokines. 
Thalidomide may probably affect angiogenesis and vascular 
remolding by affecting immune cells.

Immune cells affect angiogenesis and vascular remolding
Macrophages. General immune  cells exert functions 

through the release of cytokines. In solid tumors, macrophages 
are often attracted to the hypoxic areas of tumor sites due 
to the secretion of hypoxia-induced chemoattractants by 
tumor cells. Such chemoattractants include different cytokines 
such as VEGF, endothelin, endothelial monocyte‑activating 
polypeptide II (EMAP II) (56) and CCL2 (57). Subsequently, 
tumor‑associated macrophages  (TAMs) are recruited to 

the hypoxic areas. This microenvironment promotes the 
metabolic adaptation of TAMs to hypoxia by upregulating 
HIF-1, HIF-2 and VEGF  (58-60). Macrophages are 
attracted to the hypoxic areas of tumor site, which produce 
a large amount of pro-angiogenic factors, in addition to 
angiogenesis‑modulating enzymes under the regulation of 
specific signaling pathways  (i.e., NF-κB and mTOR) and 
transcription factors (i.e., HIFs and Stat3), which contribute to 
tumor angiogenesis. These molecules can switch angiogenesis 
or remold tumor  vessels, resulting in the alleviation of 
hypoxia and increased tumor perfusion/oxygenation. A study 
determined the effects of thalidomide in the pathogenesis of 
asthmatic airways using a mouse model of allergic asthma 
as well as the underlying mechanism responsible for these 
effects. When the ovalbumin-sensitized mice were treated with 
thalidomide, the mRNA expression of RELM-α, Arg-1, CD206 

Table I. Benefits of combined antiangiogenic and active immune therapies.

Antiangiogenic strategy	 Immunotherapy	 Tumor model	 Results

Anti-mouse VEGF mAb	 Peptide-pulsed DCs	 Sarcoma	 Increased number and function of DCs;
	 	 	 	 Increased tumor growth delay
Anti-VEGF2 mAb	 GM-CSF secreting, 	 Neu-expressing	 Increased infiltration of CD8+ T cells;
		  neu-specific whole	 breast carcinoma	 Increased tumor regression (in FVB
		  tumor cell vaccine		  mice, but not neu-N/FVB mice)
Anti-mouse VEGF mAb	 PVI	 Melanoma	 Increased immune cell infiltration;
	 	 	 	 Increased tumor growth delay
Rgs5 knockout	 ACT	 Insulinoma, 	 Increased immune cell infiltration; 
			fi   brosarcoma	 Increased survival
Low dose anti-VEGFR2	 Mitomycin-C treated	 Breast carcinoma	 Increased infiltration of CD8+ and CD4+

mAb		  whole breast tumor		  T cells;
	 	 cell vaccine	 	 Decreased MDSCs and Tregs;
				    Increased survival
Adenoviral delivery of	 GM-CSF-secreting	 Melanoma,	 Increased number of activated CD4+

sVEGFR1/R2	 whole tumor cell	 colon carcinoma	 and CD8+ T cells;
		  vaccine	 	 Decreased Treg;
			   	 Increased survival
SU6668		  Recombinant murine 	 Breast carcinoma	 Increased infiltration of CD8+ T cells;
		  B7.2-IgG fusion protein		  Increased tumor growth delay (34)
		  and irradiated whole
		  tumor cell vaccine
Sunitinib		  Intratumoral IL-12	 Colon carcinoma	 Increased infiltration of CD8+ and CD4+ 
		  gene delivery by		  T cells;
		  adenoviral vector		  Decreased MDSCs and Tregs;
		  plus 4-1BB activation		  Increased survival
Sunitinib			   RCC patients	 Decreased MDSCs and Tregs;
				    Increased type 1 T cell activity;
Low dose TNF-α	 Adoptive T cell transfer	 Insulinoma	 Increased infiltration of CD8+ T cells;
	 	 	 	 Increased survival

mAb, monoclonal antibody; DC, dendritic cell; MDSC, myeloid-derived suppressor cell; VEGF, vascular endothelial growth factor; 
VEGFR2, VEGF receptor 2; GM-CSF, granulocyte-macrophage colony-stimulating factor; PVI, the administration of anti-GP100 transgenic 
pmel-1 T cells plus GP100 vaccine plus IL-2 injection after 500cGy lymphodepleting whole body irradiation; ACT, adoptive cell transfer; 
RCC, renal cell carcinoma; IL, interleukin. SU6668 is an inhibitor of tyrosine kinase activity of the angiogenic receptors VEGFR2, PDGFRβ, 
and FGFR1; sunitinib is an inhibitor of tyrosine kinase activity of VEGFR2 and PDGFR (46).
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Figure 1. The structural abnormalities of the tumor vasculature impede immune cell infiltration into tumors and create a hypoxic and acidic tumor microenvi-
ronment that upregulates dendritic cells; increases the accumulation of regulatory T cells (Tregs) and polarizes tumor-associated macrophages (TAMs) to the 
immune inhibitory M2-like phenotype. Vascular normalization is characterized by the attenuation of hyperpermeability, increased vascular pericyte coverage, 
a more normal basement membrane, and a resultant reduction in tumor hypoxia and interstitial fluid, facilitating the infiltration of immune cells while reducing 
the accumulation of myeloid-derived suppressor cells (MDSCs) and Tregs. In addition, alleviating hypoxia and acidity by improving vascular perfusion polar-
izes TAMs to an immunostimulatory M1-like phenotype. Adapted and updated from Goel et al, Rolny et al and Jain (38,48,73).

Figure 2. Reciprocal interactions between different immune cell types and the tumor vasculature in the tumor microenvironment (72).
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and YM-1 in the lungs was significantly reduced. Thalidomide 
inhibited the expression of M2 macrophages (protumoral and 
pro‑angiogenic TAMs) in vivo and in vitro (61). Rolny et al (48) 
treated tumor‑bearing (T241 fibrosarcoma and Panc02 tumor) 
mice with clodronate liposomes to chemically deplete 
TAMs, which suggested that M2-like TAMs induced vessel 
normalization. This study further identified an inhibitory effect 
of thalidomide on alternative activation of macrophages as 
a potential antitumor mechanism. Furthermore, thalidomide 
probably mediates tumor vessel normalization through the 
alternative activation of macrophages.

NK cells and T  cells. NK cells are cells of the innate 
immune system that arise from a common lymphoid progen-
itor cell. These cells are characterized by a high cytolytic 
capacity against cancer cells. In addition to their important 
role in immunosurveillance, NK cells contribute to neovas-
cularization. The expression of IFN inducible protein (IP)-10, 
IFN-α, IL-12 and IL-18 was markedly upregulated following 
the administration of thalidomide in order to modulate 
NK cell activity in a murine model of melanoma (13). The 
upregulated cytokines are associated with angiogenesis. The 
CD56(+) CD16(-) NK subset [decidual NK (dNK) cells] in 
non-small cell lung cancer patients was associated with VEGF, 
placental growth factor  (PIGF), and IL-8/CXCL8 produc-
tion. This suggests that thalidomide probably affects vessel 
remolding by regulating the secretion of pro-angiogenic 
cytokines by NK  cells  (62). However, the precise role of 
thalidomide and NK cells in tumor vascular normalization 
remains to be defined. More studies have suggested that 
thalidomide may also act as an inducer of T cell stimulatory 
signals, inducing T cell proliferation in association with IFN-α 

and IL-2 production (15,63). T cells can directly regulate the 
level of MHC expression through IFN-γ secretion (64,65), 
but also improve the regulatory functions of endothelial 
cells (ECs), namely, the regulation of blood vessel formation 
and remodeling, blood flow, permselectivity, blood fluidity and 
hemostasis (66). T cells not only affect the cytoskeletal rear-
rangement in ECs and thrombi but are also implicated in the 
regulation of the inhibitory molecule programmed cell death-1 
ligand (PD-L1) by T cell‑derived cytokines. Thus, thalidomide 
modulated immune cells to improve vascular normalization 
through the production of cytokines.

Immune cells affect angiogenesis and vascular remolding 
through cytokines. Angiogenesis was demonstrated to be impor-
tant in supporting tumor growth, whereas infiltrating cancer 
cells contributed to the tumor microenvironment through the 
secretion ofgrowth factors, cytokines and important molecules 
in the cancer cells (67). Similarly, cytokines were crucial in the 
development of tumors, the activation of the immune response 
and angiogenesis in cancer. Thalidomide directly altered the 
expression of cytokines but also regulated the secretion of cyto-
kines from immune cells indirectly. Through the two pathways, 
thalidomide achieved antiangiogenesis and vascular normaliza-
tion in cancer. As modulators of tumor angiogenesis, cytokines 
have been therapeutic targets in angiogenesis (68).

TAMs are capable of releasing a number of cytokines (such 
as IL-1, IL-8 or TNF-α), which was the novel pivotal factor 
of TAMs in facilitating tumor angiogenesis (69,70). Various 
mouse  models have shown that neutrophils are crucially 
involved in the process of tumor angiogenesis. The depletion 
of neutrophils impaired angiogenesis in mice inoculated with 

Figure 3. Thalidomide exerts anticancer effects through vascular normalization, modulation of immune cell activities and the release of cytokines. Interactions 
exist between the different mechanisms.
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CXCL8 as well as in a transgenic RIPK1-Tag2 mouse model of 
pancreatic carcinoma (72). Mast cells driving neo‑angiogenesis 
have been documented to express Ang-1 (71). Tumor‑associated 
dendritic cells (DCs) can directly drive tumor angiogenesis 
through the release of pro-angiogenic cytokines such as 
TNF-α, CXCL8 and osteopontin (71). The above-mentioned 
studies suggest that a complex relationship exists between 
immune cells, tumor vessels and cytokines. Cytokines prob-
ably link vascular normalization with immune  cells. As 
thalidomide is capable of altering the secretion and activity of 
various cytokines and inducing an immune response, it may 
affect the interactions between immune cells and the tumor 
vasculature through these cytokines.

5. Conclusion

Over the last few decades, thalidomide has undergone a remark-
able metamorphosis from a notorious drug inducing birth 
defects into a highly effective therapy for treating leprosy and 
multiple myeloma. Today, thalidomide is used to treat a wide 
range of medical conditions successfully, which include cancer.

The mechanisms associated with antiangiogenesis and the 
potent immunomodulatory effects of thalidomide obtained the 
most support. Subsequently, the studies of the antiangiogenic 
activity of thalidomide were guided into a novel direction by 
a hypothesis regarding the vascular normalization of tumors. 
As summarized in Fig.  3, the potential normalization of 
tumor vessels by thalidomide may be an effective strategy for 
reconditioning the tumor immune microenvironment in order 
to produce anticancer effects. On the other hand, it is recog-
nized that the immune cell compartment within the tumor is 
a major driver of angiogenesis and vascular remodeling (72). 
Angiogenic activity within a tumor is affected by many 
different types of immune cell which release cytokines and 
angiogenic factors. Tumors are highly heterogeneous. Despite 
the multiple mechanisms of action responsible for the thera-
peutic effects of thalidomide discussed previously, the precise 
mode of action of thalidomide remains to be completely 
elucidated. Further studies are warranted in order to clarify 
whether thalidomide needs to target different pro-angiogenic 
factors to induce vascular normalization in different tumors, 
at different times, as well as on interconnections between the 
immune cells and tumor vasculature and thereby elucidate the 
therapeutic effects of thalidomide in cancer. Future studies 
regarding the association between the effects of immune cells 
and vascular normalization action modes are also of para-
mount significance. These studies may enable thalidomide to 
be used in more effective ways.
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