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Abstract
Human Alpha-fetoprotein (HAFP), a tumor-associated fetal protein, is well-known clinically as 
a biomarker for both fetal defects and benign/malignant tumors. However, less well-known are 
the proteins that interact and/or bind to HAFP. Such protein-to- protein interactions include 
a multiplicity of entities which include; a) cell surface receptors; b) intracytoplasmic binding 
proteins; and c) protein intermolecular complexing agents both circulating and cell-bound. Some 
AFP receptors are located on tumor cells, others have been detected on monocytes, macrophages, 
inflammatory and lymphoid- associated cells. The intracytoplasmic AFP binding proteins include 
nuclear receptors, transcription-related factors, cell cycle checkpoint and DNA repair proteins, 
caspases, and apoptotic-associated proteins. Finally, the AFP intermolecular complexing group of 
proteins can be found in the blood circulation as well as in the intracytoplasmic compartments. 
The plethora of proteins interacting/binding to AFP further attest to the wide varieties of biological 
activities (i.e., growth promotion) in which AFP engages.

Thus, the results of this review demonstrate that there exists no apparent single or universal receptor 
or class of AFP binding proteins on normal, benign or malignant cells.
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Introduction
Alpha-fetoprotein (AFP) is known as an “Oncofetal Protein” due to its dual presence in the 

embryo/fetal compartments and in adult benign and malignant tumors [1,2]. This characteristic has 
enabled AFP to serve as a tumor-associated fetal serum biomarker for pregnant, pediatric, and adult 
patients in clinics throughout the world.

During development, AFP is first synthesized in the fetal yolk sac and liver, then in the gastro-
intestinal tract. In the normal newborn/infant, AFP serum levels steeply decline during the first year 
of life at which time serum levels are drastically reduced approaching those of adults (5-10 ng/ml) 
[3]. In contrast, adults with various liver disorders such as cirrhosis, viral infections, and cancer 
(hepatomas, germ cell tumors) display highly elevated levels of serum AFP [4]. The synthesis of AFP 
in adults occur mainly in the liver. However, some AFP analyses may be influenced by the presence 
of free and bound forms of AFP both in the circulation as well as histochemically in the cytoplasm 
of cells.

Objectives of the Present Report
The objectives of the present report are several-fold. First, this treatise will serve to review the 

two distinct functional forms of HAFP and their structure and function in order to provide the 
reader with a background overview. Second, the multiple protein interactions that occur with AFP 
both cell bound and in the blood vascular system will be reviewed. Such protein-to-AFP interactions 
will be shown to encompass a) cell surface receptors; b) intracytoplasmic binding proteins; and c) 
intermolecular complexing proteins. Thirdly, the types of proteins involved at these locations will 
be parsed into their individual names, anatomical locales and cell types, and their cell function 
and/or activity and presented in a tabular format. In this manner, the structure/function overview 



Mizejewski GJ Journal of Molecular and Cellular Biology Forecast

2019 | Volume 2 | Edition 1 | Article 1016ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 2

of HAFP will provide the reader with the necessary background to 
more fully understand the function of AFP at each intravascular and 
cellular location.

Overview of AFP Structure and Function
Human (H) AFP is a secreted single chain polypeptide of 609 

amino acid which includes a 19 amino acid leader sequence. HAFP 
has a molecular mass of 69kD, an isoelectric point range of pH 4.7 
to 5.1, and a 3-5% carbohydrate glycan component depending on its 
isoform [5]. HAFP has been classified as a member of the albuminoid 
gene family together with albumin, alpha-albumin, vitamin-D 
binding protein, and the AFP-related gene (ARG) product [6]. This 
oncofetal protein displays a three- domain secondary structure form 
resulting from multiple intermolecular loops determined by 16 
disulfide bridges [5]. By means of x-ray crystallography, the disulfide 
loops were observed to produce a helical V- or U- shaped tertiary 
molecular structure.

The tertiary form exhibited an external hydrophilic surface 
(for increased serum solubility) together with multiple internal 
hydrophobic molecular clefts which enhance ligand binding. HAFP 
can also assume an intermediate folding transition state known as a 
molten globule form [7].

HAFP has been established as a serum carrier protein capable of 
binding and transporting a multitude of hydrophobic ligands. Such 
ligands include bilirubin, fatty acids, gossypol, retinoids, flavonoids, 
steroids, dyes, heavy metals, phytoestrogens, dioxins, and various 
medicinal drugs [8]. Much of the binding to the hydrophobic ligands 
occurs in the third domain of AFP, while the second domain is largely 
involved in interactions with apoptotic proteins and with cell adhesion 
proteins of the extracellular matrix and interstitium. However, the 
second domain can also bind fatty acids and bilirubin. While the 
second and third domains of HAFP share amino acid commonalities 
to other mammalian forms of AFP, it is the first domain amino acid 
sequences that distinguishes HAFP from other mammalian species 

[9].

HAFP is recognized as a regulator of growth during development 
(pregnancy). Because of this property, it was assumed that AFP was 
required for growth of the embryo/fetus; however, experimental 
murine AFP gene knockout models demonstrated that AFP was not a 
requirement for full term delivery, at least in rodents [10]. Moreover, 
in the rodent knockout model, second generation females were found 
to be sterile. The sterility of the female offspring was found to be 
attributed to anovulation due to an AFP regulatory absence in the 
hypothalamic-pituitary axis [11]. It has yet to be ascertained whether 
these regulatory actions would apply to human development. It is 
known, however, that human AFP deficiencies and or absence during 
pregnancy reveal that full-term pregnancies could still occur. Thus, the 
human clinical studies of AFP deficiency in newborns/infants showed 
both unremarkable fetal development and normal birth outcomes 
[12]. The females in such clinical human pregnancies cases have 
yet to reach the age of fertility/maturity, so the pedigree of fertility 
history in those females have yet to be determined [13]. Thus, the 
HAFP molecule has been shown to function as a maintenance agent 
and biologic response modifier of fetal growth during pregnancy and 
as a growth regulatory factor in benign and malignant tumors.

The Functional Forms of AFP
AFP is known to be the most abundant protein during 

embryogenesis and fetal life and is present in newborns and infants. 
AFP is produced by several organs during development including 
yolk sac and fetal liver, stomach, and pancreas [3]. Functional AFP 
has 2 major forms in mammals aside from its various isotypes. These 
forms are as follows: A) a secreted and blood/lymph circulating form 
of 69kD and B) a cytoplasmic-bound form (67kD) lacking an amino-
terminal leader sequence [14,15]. The functional forms are detected by 
two different methods; A) Form–1 is measured in the blood by various 
immunoassays; and B) Form–2 is detected by immunohistochemical 
analysis [16]. Both forms are regulatory proteins which enhance or 

Name of the receptor 
group Receptor Name Location and/or cell type Cell function and/or activity Refs

A) MUCIN Receptors

1. MUC-1
2. MUC-2
3. MUC-4
4. MUC-5B

Colon, breast, trachea, bronchi, testis, 
cervix, pancreas, sublingual, esophagus

Activates ERbeta receptor, catenin, VWD domain, cys- rich, 
cell signaling tumor, growth, metastasis [40,41,85]

B) Scavenger 
Receptors

1. Mannose 
eceptor
2. CD36
3. LOX-1
4. SRB1

Stromal cells, blood platelets, RBCs, 
monocytes, macrophages, lymphoid, bone 
marrow cells

Platelet aggregation, binds fatty acids, and ECM proteins, 
binds LDL and HDL, HIV gp 120 proteins, binds cholesterol [42-45]

C) Chemokine 
Receptors

1) CXCR4
2) CCR5
3) CXCR7

Peripheral mononuclear cells, macrophages, 
T-cells, monocytes; lymphoid blast cells

Transmit the mediation of cell migration, immune response, 
inflammatory reactions, tumor cell receptors [46,47,49,85]

D) Lysophospholipid 
Receptors

1) EDGE
2) ORGI
3) P2Y
4) GPR

Lymphoid and dendritic cells, hematopoietic 
cells, ovary, skin, brain, muscle cells

Transduces multiple cell effects as neural development, 
angiogenesis, morphogenesis, carcino- genesis, 
inflammatory responses, lipid signaling

[50-56]

E) Non-Selective 
and Selective Cation 
Channels

1) K-Voltage 
gated
2) Transcient 
Receptor 
Potential

Heart, lung, brain, epithelial cells, smooth 
muscle, T-cells, pancreas, macrophages, 
Lymphocytes

K-ion Voltage gated, outward K channels, Ca++ sensing, 
non-selective sensing of spices, heat and cold receptors [57-61,86]

F) Metastasis- 
associated proteins

1) adhesion/
contact
2) MMP/ADAM
3) GF Receptors
4) Growth 
Factors

Stromal and tumor cells, ECM cells, 
platelets, neurons, endothelial cells

Cell adhesion, contact, migration, cell shape, membrane 
degradation, invasiveness, growth factor receptor signaling [62-66]

Table 1: The names and properties of selected cell surface receptors/protein groups for alpha-fetoprotein are listed below.

K=Potassium; SR=Scavenger Receptor; ADAM=A Disintegrin and Metalloprotease; GPR=G-Coupled Protein Receptor; ORG1 Receptor=GPR68; P2Y=Purinergic 
Receptor; MUC=Mucin; EDGE=Endothelial Differentiation Gene Product.
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inhibit cell growth, proliferation, migration, and signal transduction 
and transcription. Thus, the presence of both AFP forms include: 1) 
The classical full-length AFP polypeptide of 609 amino acids (69kD) 
which includes a 19 amino acid “Leader Signal Sequence” at the NH2 
– terminus together with a single glycosylation site on an aspartate at 
amino acid #293 on the second domain [17]. This first form is found 
in the serum of cancer patients, being secreted from the tumors; it is 
also found in embryo extracts and in fetal serum [1]. 2) The second 
functional form of AFP is a non- secreted, intracytoplasmic entity 
with a molecular mass of 67kD or less. It lacks both the Leader 
signal sequence (amino-terminal end) and the single glycosylation 
site [14]. This form is called cytoplasmic AFP (CyAFP). The CyAFP 
intracellular form can occur in malignant cells, benign tumor cells, 
and non-malignant (lymphoid-associated) cells. The CyAFP has been 
reported to reside in hepatoma (liver cancer) cells, ascites fluid cells, 
spinal fluid, immature rodent uterus, MCF-7 human breast cancer 
cultured cells, and in serum and cytosols from breast cancer patients 
[15,18]. It has been demonstrated that AFP is both an endocrine and 
autocrine growth factor which enters tumor and non-tumor cells 
by receptor-mediated endocytosis. After AFP receptor binding and 
subsequent activation, cell signal transduction occurs which can 
affect cell cycle progression, growth, motility, adhesion, migration, 
proliferation and cell-to-cell contact. In comparison, non-secreted 
AFP plays a role in regulating expression of KRAS, cyclic AMP, 
Protein-Kinase A, and cytoplasmic Ca++ levels interacting with both 
growth factor/receptors and with transcription factors [14].

At present, HAFP is a well-established growth promoting entity; 
however, several intermediate transition forms of the fetal protein 
have been shown to inhibit growth [19,20]. Thus, HAFP is able to 
serve as a dual regulator of growth, capable of both enhancement 
and inhibition. The capability of both up-and-down modulation of 
growth, as a dose-dependent function of AFP, has been demonstrated 
in a multitude of cell types including placental, ovarian, uterine, 
lymphoid, epidermal, endothelial, breast and liver and in a multitude 
of benign and cancer cells [21-23]. AFP can apparently regulate 
growth by several mechanisms which affect apoptosis, autophagy, 
cytoplasmic signaling modulation, intermolecular complexing, and 
receptor blockage and desensitization [24,25]. Much of the growth 
enhancing activities of AFP are enacted through: a) AFP cell surface 
receptor-mediated signal transduction; and b) intracellular AFP 
binding to various cytoplasmic enzymes, transcription-related 
factors, cell cycle and repair proteins, and nuclear receptors [25,26].

The AFP Cell Surface Receptor
From the above discussion, it seems apparent that there does 

not exist just one universal cell surface receptor for AFP; this 
would include both normal and cancer cells whether of human or 
animal origin (Table 1; #1). Studies of a multiplicity of cell surface 
receptors have increasingly been reported in the biomedical literature 
for the last 20 years or more. The initial reports suggesting the 
presence of a receptor were derived from AFP uptake studies in 
fetal cells by means of endocytosis in both in vitro and in vivo cell 

Table 2: The names and properties of intracytoplasmic binding/interacting proteins with alpha- fetoprotein are listed below.

RXR=Retinoic-X-Receptor; T3R=Triodothyonine Receptor; BRACA=Breast Cancer Antigen; RAR=Retinoic Acid Receptor; ATM=Ataxia Telangrectasia Mutated; 
ATR=Ataxia Telangiectasia Regulated; Hepg2=Cultured Hepatoma Cells; Akt=Alpha Serine/Threonine Protein Kinase; Mtor=Mammalian Target of Rapamycin (FK506 
Binding Protein); FAS=Tumor Neurosis Factor Receptor SF6; 6ADD153=Growth Arrest And DNA-Damage Inducible Protein.

Name of the protein 
binding family

Binding protein 
Name Location and/or cell type Cell function and/or activity Refs

A) Nuclear receptors with 
dimerization heptads 
(Leucine Zipper)

1. Retinoic acid

Hepatomas, human breast cancer 
cytosols, immature uterus, MCF-7 BC 
cells, serum, rat zajdela cells

RAR mediates gene expression, induces biological 
effects of GADD153 and transcription factors; 
influences growth and apoptosis

[25,26,67-70]
2. RXR receptor

3. c-erbA receptor

4. T3R receptor

B) Cysteine – (cys) aspartic 
acid protease family 
(caspases)

Caspase-3
Human hepatomas, Bel 7402 hepatomas, 
human liver cancer cells cultures 
hepatoma clinical extracts

Regulation of cell death, polymerase cleavage, 
protease activity, blocks apoptosis, carcinogenesis [26,75]Caspase-6

Caspase-9

C) Cell cycle associated 
protein family

1) Cyclins

Mitotic dividing cells, human hepatoma 
tissues, cancer patient extracts, rat and 
mouse hepatomas, MCF-7 BC cells

G1-to-S Phase transitions, checkpoint suppression, 
regulation of Cyclins and Cyclin dependent Kinases, 
modulate ubiquitin ligase pathways

[87-89]
2) Cyclin depend. 
Kinases
3) Cell cycle

4) Ubiquiteris

D) DNA-repair proteins

1) BRACA-1,2

Human benign and cancer cell cultures, 
MCF-7, MDA-MB-231 rat mammary 
tumors

DNA damage sensing and repair; genomic stability, 
chromosome aberrations [70,71]

2) FANC-1, 2

3) Nibrin

4) ATM/ATR

E) Karyophilic transcription 
factors

1) PTEN

HEPG2 cells, HLE cells, human HCC 
cells, nude mouse xenographs

Induces CXCR4 expression, AKT phosphorylation, 
promotes cell migration, activation of AKT/mTOR 
signals

[67-70]
2) AKT/mTOR

3) GADD153

4) Fn14/PI3K

F) Apoptosis-related proteins

1) IXAP

HEPG2 cells, Raji cells, MCF-7 cells, 
Jurkat cells

Increases Bcl-2 proteins FAS-dependent and TNFR-
dependent cell signaling and cell death [92-93]

2) FAS/FASL

3) TRAIL-R

4) Bcl2
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models [27,28]. Subsequent reports demonstrated that the uptake 
and endocytosis occurred in both normal fetal cells and in tumor 
cells (rhabdomyosarcomas) [29,30]. Experimental evidence further 
confirmed that the entry of AFP was via the process of receptor-
mediated endocytosis [31,32]. A series of subsequent studies showed 
that the AFP property of cell uptake and entry were further present 
in multiple neoplastic cells such as breast/mammary carcinomas, 
hepatomas, lymphomas, neuroblastomas, gastric tumors, and T- 
and B- cell malignancies [33-35]. These studies and others strongly 
supported the presence of multiple AFP cell surface receptors as 
integral plasma transmembrane proteins. The overall expression of 
AFP receptors by malignant cells appeared to favor those of immature 
and incompletely differentiated cells.

In the middle 1980’s and early 1990’s, reports of the presence 
of AFP receptors were demonstrated by multiple investigators in 
mouse T-cell lymphomas, human monocytes, activated human 
T-lymphocytes, lymphoblastoid Raji cells, and MCF-7 human breast 
cancer cells (see above). In 1991, a human breast cancer tumor cell 
membrane receptor was reported in a doctoral thesis with subsequent 
reports describing isolation of 62 and 67 kD PNA-reactive receptors 
associated with a higher molecular weight (~200kD) moiety [36-38]. 
However, this tumor AFP receptor termed RECAF, has yet to be 
cloned, and its full identification and complete characterization (other 
than an antibody product) have yet to be reported [39]. In more recent 
studies, an AFP breast tumor AFP receptor was proposed as a mucin 
receptor using “in silico” computer modeling software methods [40]. 
The mucins identified and proposed were MUC-1, MUC-2, MU-4, 
and MUC-5B (Table 1, Group 1). Mucins are composed of complex, 
multimeric-branched structures with heavy carbohydrate content and 
molecular weights ranging from 47 to 519 kD. Some mucins, such as 
MUC-4 display molecular weight of 61 and 65 kD similar to the PNA-
reactive receptors described above. Such mucin-like receptors were 
also reported to be present on monocytes, macrophages, leukemic, 
lymphoid cells, and tumors of lymphoreticular origin [41].

A second group of AFP receptors, termed the scavenger 
receptors, whose presence were reported by French investigators in 
the early 1980’s in studies associated with an autocrine AFP/receptor 
complex signaling and receptor re-cycling process [42] (Table 1, 
Group 2). Although first reported in lymphoid cells, the presence of 
the autocrine stimulation signaling process was further confirmed in 
those of malignant cells. The French group identified two lymphoid 
cell membrane receptors of 18 and 31 kD, termed scavenger receptors 
that bound AFP. These scavenger receptors were later detected by “in 
silico” computer software and confirmed by in vitro cell-based assays 
[43,44]. These scavenger receptors have since been identified as the 

mamnose receptor (CD206), CD36, LOX1, SRA1, and SRB1 in cell-
based assays [45]. The scavenger receptors (SRs) represent a class of 
single or double-pass integral transmembrane glycoproteins bearing 
pattern recognition domain binding properties.

SRs transmit through G-protein coupled receptor signal 
transduction cascades following cell-surface ligand binding, receptor 
clustering, and endocytosis-mediated uptake [43]. Some of the eight 
classes of SRs bind both chemically-altered low density lipoproteins 
(LDLs) and high density lipoproteins (HDLs), fatty acids, denatured 
AFP and albumin, poly-anionic compounds, nucleotides, amyloids, 
and phospholipids [44]. Many SRs exhibit epidermal growth factor 
(EGF) repeats, amino acid-rich repeats, and ECM like regions on 
their domains.

A third group of AFP receptors have been identified and confirmed 
as members of the chemokine receptor family (Table 1, Group 3). 
CCR5 chemokine receptor binding to AFP was first reported in 2002 
by Eurasian investigators; the receptor was localized to the surface 
of primary macrophages involved in HIV transfections [46,47]. The 
binding of AFP to the surface of monocytes from AIDS patients 
had been previously reported to interfere with the process of HIV-
cell membrane fusion and subsequent transfection. It was suggested 
that the presence of AFP binding to receptor interference with HIV 
during pregnancy could aid in explaining why 90% of instances of 
HIV transmission to the baby occurs after term pregnancies in the 
postnatal and neonatal stages of infancy [48]. Later studies employing 
“in silico” software showed that AFP was capable of interacting/
binding not only to CCR5, but also CXCR4 and CCR2, all of which 
are involved in HIV transfection. It further demonstrated that an AA 
sequence of AFP third domain folded polypeptide structure (AA#400-
480) resembled the structure of various chemokine ligand (Group-II) 
members; these ligands include GROa, MIP-1B, EOTAXIN, RANTES 
and MCP-1 [49]. Thus, AFP may pose as a chemokine decoy ligand 
mimicking protein (a bait protein). It is noteworthy that the ligands 
for CCR5 include those of RANTES, EOTAXIN, and MIP-1B.

A fourth group of cell surface transmembrane proteins capable 
of binding to HAFP are the receptors for Lysophospholipids (LPLs), 
a family of plasma membrane derived inflammation-associated 
bioactive lipid signaling molecules (Table 1, #4). The LPLs include 
sphingosine-1-phosphate, Lysophosphatidic acid, and their 
derivatives [50,51]. These low molecular weight molecules, 250-750 
Daltons, consist of a single acyl carbon chain (palmitic, oleic acid) 
attached to a polar head group. These bioactive paracrine lipid 
inflammatory mediators are present on circulating cells such as 
platelets, macrophages, monocytes, and associated cells and only exist 
in vertebrates [52,53].

Group name of complexing 
protein

Name of complexing 
protein itself Location and/or cell type Cell function and/or activity of AFP-protein 

complex Refs

A) Immunoglobulin family 1. IgM IgG Serum circulating blood protein complexes Biomarker present in human hepatomas, 
cirrhosis, and chronic hepatitis patients 77-80

B) Estrogen binding protein 42 KD protein Intracellular MCF-7 cells, human breast 
cancer cells (patients)

Cytosolic protein bound to AFP in BC patients 
extracts 4mKcl-release 15, 81

C) Circulating AFP- bound 
with proteins

Actin, osteonectin receptor, 
TGF-beta Blood circulating protein- to-protein complexes Serum of post-menopausal breast cancer 

patients; 5, 82

D) Hetero-dimerization 
partners

1. AFP itself
2. Dimer
3. Trimers
4. Various cytosolic proteins

AFP domains 1 and 3; dimerization in Raji 
cells; Soluable AFP isolation procedures form 
dimers

Formation of AFP polymers in stability 
studies; AFP can undergo self-aggregation to 
form oligomers

71, 72

E) Antigen-presenting 
proteins, innate immunity

Mannose receptor, T-cell 
receptor MHC class-II
protein

Macrophages, dendritic cells, fibroblasts, 
endothelial, placental cells

AFP-antigen binding to MHC proteins for 
antigen presentation

4, 45,
94, 95

Table 3: The names and properties of intermolecular proteins that complex with alpha-fetoprotein are listed below.

BC=Breast Cancer; IgM, IgG (Ig=Immunoglobulin); TGF=Transforming Growth Factor; MHC=Major Histocompatibility Complex.
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The LPLs bind to four different classes of G-protein coupled 
receptors which include; 1) edge receptors; 2) ORG1 receptors; 3) 
the P2Y purinergic receptors; and 4) the GPR receptors [54,55]. 
The LPL receptors are involved in developmental, physiological, 
immunological, and pathological processes in mammals. The edge 
receptor class is expressed in lymphoid, dendritic, and hematopoietic 
cells/tissues; while the ORG1 receptors are on cells engaged in 
activities such as cell migration/invasion, apoptosis, angiogenesis; 
similarly also in smooth muscle stimulation, and pH dependent cell 
signaling [56]. The P2Y receptors are involved in Ca++ signaling, 
cyclic AMP activities, neurulation, and cell migration and mobility 
[54,55]. Finally, the GRP receptor group takes part in adenyl cyclase 
activation, Ca++ mobilization, meiosis, and nerve growth activities 
[52].

The fifth group of receptor-associated proteins interacting with 
HAFP includes the selective and non-selective cell transmembrane 
cation channels (Table 1, #5). This class of cell surface proteins 
encompass both the potassium voltage-gated (KCN) cation channels 
and the transient receptor potential (TRP) non-selective channels 
[57-59]. Both of these channel protein types were identified and 
localized by “in silico” computer software and then confirmed 
in AFP-peptide treated cells by electrophysiological and RNA-
microarray analysis in MCF-7 human breast cancer cell cultures. The 
KCN proteins identified were subfamily members A, B, D, J, and Q; 
whereas the TRP subfamily included the canonical (C), vanilloid (V), 
and the melastatin (M) members [57,60]. The KCN channel current 
(conductance) changes occur in cells involved in the G1 to S-phase 
progression in the cell cycle. In TRP channels, membrane changes 
measured by patch clamp methods, were found to activate MCF-7 
cells following AFP-peptide treatments. This caused a decrease in 
membrane resistance in both channel types and induced a membrane 
de-polarization and activation of KCN channels that increased Ca++ 
flow into the cells [57]. Overall, AFP-derived peptides were found 
capable of stabilizing the cell membrane potential at -30 to -45 mv 
[57-61].

The sixth group of AFP cell surface interacting proteins are the 
metastases- associated cell surface proteins involved in cell adherence, 
attachment, cell-to-cell contact, migration, and invasion (Table 1, #6). 
The cells bearing such proteins are those contained in the extracellular 
matrix (ECM), intercellular spaces, stroma, and interstitium [62-
66]. Such cells function in cell gap junction establishment, calcium-
dependent mobilization and storage, homophilic and heterophilic 
cell-to-cell adhesion, anchorage- dependent cell death (anoikis), 
interaction with the ECM proteins, integrin signaling, basement 
membrane degradation, and collagen proteolysis [62]. The proteins 
involved in these cell activities have been classified as belonging 
to four major groups which include; 1) cell adhesive and contact 
proteins such as cadherins, connectins, connexins, desmogleins, 
and desmocollins; 2) the metalloproteinases, ADAMS disintegrins, 
integrins, and annexins; 3) the cell surface growth factor receptors; 
and 4) growth factors and regulators [62,63,66]. When the proteins 
components of these four groups were identified, it became evident 
that AFP is intimately involved in metastatic-directed activities 
encompassing all the earmarks of cell spreading such as cell migration, 
mobility, cell shape changes, invasiveness, and basement membrane 
degradation.

The AFP Intracytoplasmic Binding/
Interacting Proteins

Reports of cytoplasmic protein interactions and/or binding 

with HAFP have recently emerged in greater numbers in the 
biomedical literature (Table 2). The non-secreted form of AFP 
(CyAFP) is a highly active moiety during developmental, postnatal, 
and cancer stages in mammals especially man [14]. These biological 
activities include nuclear receptor binding, and interaction with the 
cysteine-aspartic acid caspase family members, cell cycle associated 
protein interactions, DNA- repair/checkpoint proteins, karyophilic 
transcription associated factors, and apoptotic- related proteins 
[25,26,67-70]. HAFP contains a dimerization domain in the last half 
of the third domain carboxyterminal polypeptide which enables AFP 
to attach to cytoplasmic nuclear receptors and transcription factor via 
a leucine zipper [71-73].

Thus, CyAFP has the capability to form molecular heterocomplexes 
with cytoplasmic- based enzymatic fragments, limited proteolysis 
products, and recombinant proteins. More recently, the cytoplasmic 
form of AFP has been found to affect, influence, and regulate 
cytoplasmic proteins/factors such as PTEN, AkT/mTOR, GADD153, 
FN14, PI3K, and several apoptotic proteins such as XIAP, FASL, FAS, 
TRAIL receptor and Bcl2 [37-70,74] (Table 2, #1-5).

Examples of the CyAFP interaction with the above list of 
cytoplasmic proteins/factor are readily found in the biomedical 
literature. In several reports, Li et al. provided direct evidence that 
CyAFP functions as a regulator in the phosphatidylinositol- 3-kinase 
(PI3K)/AKT pathway of Bel 7402 hepatoma cell growth [67,70], The 
Li et al. group demonstrated that CyAFP colocalized and interacted 
with the tumor suppressor PTEN (phosphatase and tensin homolog) 
using the method of fluorescence resonance energy transfer (FRET) 
analysis. The investigators subsequently utilized the AFP mRNA 
knockdown technique together with the coadministration of ATRA 
to inhibit CyAFP expression resulting in enhancement of PTEN 
levels, a decrease in phosphorylated AKT, and a reduction in cell 
growth. These results demonstrated that CyAFP was involved in 
the regulation of both hepatoma cell growth and the process of 
tumorigenesis. A further experimental study of CyAFP in hepatoma 
cell growth involved the use of the “growth arrest and DNA damage-
inducible protein 1533” termed GADD153, a factor involved in cancer 
and stress-related apoptosis [67]. By means of microarray analysis, Li 
et al. examined expression of the GADD153 gene induced by ATRA 
in studies of cell apoptosis and growth. In this study, investigators 
found that CyAFP was able to form a complex and interact with RAR 
in HEPG2 hepatomas producing AFP; however, such complexing was 
not found in non-AFP-producing hepatoma HLE cells. In the above 
examples, the direct molecular interaction of AFP with receptors 
and transcription factors was proven by a) RNA knockdown; b) 
colocalization studies and c) FRET analysis with interaction distances 
measured at 12.6 Angstroms. Thus, these research techniques and 
methodology studies document that CyAFP is indeed an intracellular 
signaling protein in the cytoplasm of cancer and other cells.

The AFP Intermolecular Complexing 
Proteins (ICP)

The intermolecular complexing proteins (ICP) which interact 
with AFP involve a less recognized activity of the oncofetal protein. 
The ICP form of AFP can occur both in the blood vascular system as 
well as the interstitual and intracytoplasmic compartments (Table 3, 
#A to E). A blood circulating form of AFP complexed to a molecular 
moiety was first reported by Norgaad Petersen in 1976 [76]. The 
protein complexed to AFP was proposed to be an Immunoglobulin-
like molecule identified by electrophoretic methodology. Since then, 
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the unknown protein has been identified as an IgM moiety and the 
AFP/IgM complex has been employed as an immunoassay in human 
clinical studies [77-80] (Table 3A). Another complex form was 
identified in the blood circulation by Sarcione in 1972 in the serum 
of post-menopausal women as an AFP-to-protein complex; AFP was 
released from the complex by treatment with 4m KCL [15] (Table 3B, 
3C). The identity of the unknown protein moiety was not reported. 
However, an estrogen binding moiety to AFP of 42kD was further 
identified in the cytostatic extracts of malignant breast cells isolated 
from breast cancer patients [81,82]. Other candidates for complexing 
to AFP have included IgG, actin, TGF-Beta, osteonectin, and protease 
substrates [5]. Furthermore, AFP itself can dimerize on itself to 
produce dimers, trimers, and oligomers (Table 3D). Finally, AFP 
fragments and/or peptides are involved in antigen presentation to 
major histocompatibility complex proteins in the adaptive immune 
response (Table 3E).

Concluding Remarks
It becomes evident from the preceding discussion that HAFP 

display activities with a plethora of cell surface receptors, cytoplasmic 
binding proteins, and circulating inter-molecular complexes. A 
previous proposed concept of a universal tumor receptor for HAFP 
must come under introspection in view of the multiple documented 
reports of AFP receptors and binding proteins reported in the 
biomedical literature. One such cell surface receptor was found not 
only on tumor cells but on monocytes, macrophages, and cells of the 
leukemic stem cells, and lymphoid series [83]. Because HAFP is an 
established growth promoting protein, it is logical that a fetal protein 
would be active as growth factor at the cell surface, and in cytoplasmic 
and circulating vascular compartments. However, as stated above, 
AFP is uniquely equipped to promote growth, but can also inhibit 
growth in certain instances of microenvironmental stress due to 
oxidative, pH, osmotic, metabolic, signal transduction, excessive 
ligand concentrations [22], and in fetal structural defects [2,3,16]. 
Such situations would permit AFP to temporarily inhibit growth until 
damage is repaired and growth could be resumed during pregnancy. 
Thus, AFP appears to serve as a multi-tasking molecular Swiss Army 
Knife during embryo/fetal development.

Acknowledgement
The author extends his gratitude and thankfulness to Ms. Jennifer 

Wright in the typing and processing of this manuscript.

References
1. Mizejewski GJ. Biological role of alpha-fetoprotein in cancer: prospects for 

anticancer therapy. Expert Rev Anticancer Ther. 2002; 2: 709-735.

2. Mizejewski GJ. Biological roles of alpha-fetoprotein during pregnancy and 
perinatal development. Exp Biol Med (Maywood). 2004; 229: 439-463.

3. Mizejewski GJ. Levels of alpha-fetoprotein during pregnancy and early 
infancy in normal and disease states. Obstet Gynecol Surv. 2003; 58: 804-
826.

4. He Y, Y Hong and GJ Mizejewski. Engineering alpha-fetoprotein-based 
gene vaccines to prevent and treat hepatocellular carcinoma: review and 
future prospects. Immunotherapy. 2014; 6: 725-736.

5. Mizejewski GJ. Alpha-fetoprotein structure and function: relevance 
to isoforms, epitopes, and conformational variants.  Exp Biol Med 
(Maywood). 2001; 226: 377-408.

6. Naidu S, ML Peterson and BT Spear. Alpha-fetoprotein related gene 
(ARG): a new member of the albumin gene family that is no longer 

functional in primates.  Gene. 2010; 449: 95-102.

7. Uversky VN, NV Narizhneva, TV Ivanova, MD Kirkitadze and A 
Tomashevski. Ligand-free form of human alpha-fetoprotein: evidence for 
the molten globule state. FEBS Lett. 1997; 410: 280-284.

8. Hirano K, Y Watanabe, T Adachi, Y Ito and M Sugiura. Drug-binding 
properties of human alpha-fetoprotein. Biochem J. 1985; 231: 189-191.

9. Mizejewski GJ. Alpha-fetoprotein as a biologic response modifier: 
relevance to domain and subdomain structure. Proc Soc Exp Biol Med. 
1997; 215: 333-362.

10. Taziaux M and J Bakker. Absence of Female-Typical Pheromone-Induced 
Hypothalamic Neural Responses and Kisspeptin Neuronal Activity in 
alpha- Fetoprotein Knockout Female Mice. Endocrinology. 2015; 156: 
2595-2607.

11. De Mees C, JF Laes, J Bakker, J Smitz, B Hennuy, P Van Vooren, et al. 
Alpha-fetoprotein controls female fertility and prenatal development of 
the gonadotropin-releasing hormone pathway through an antiestrogenic 
action. Mol Cell Biol. 2006; 26: 2012-2018.

12. Greenberg F, A Faucett, E Rose, L Bancalari, NB Kardon, G Mizejewski, et 
al. Congenital deficiency of alpha-fetoprotein. Am J Obstet Gynecol. 1992; 
167: 509-511.

13. Mizejewski GJ. Congenital deficiency versus hereditary persistence of 
human alpha-fetoprotein: a meta-analysis and overview of potential 
biomedical consequences. J Ped Sci. 2012; 4: e126.

14. Mizejewski GJ. Nonsecreted cytoplasmic alpha-fetoprotein: a newly 
discovered role in intracellular signaling and regulation An update and 
commentary. Tumour Biol. 2015; 36: 9857-9864.

15. Sarcione EJ, M Zloty, DS Delluomo, G Mizejewski and H Jacobson. 
Detection and measurement of alpha-fetoprotein in human breast cancer 
cytosol after treatment with 04M potassium chloride. Cancer Res. 1983; 
43: 3739-3741.

16. Mizejewski GJ. Physiology of alpha-fetoprotein as a biomarker for 
perinatal distress: relevance to adverse pregnancy outcome. Exp Biol Med 
(Maywood). 2007; 232: 993-1004.

17. Tamaoki T, T Morinaga, M Sakai, G Protheroe, Y Urano and TG 
Wegmann. Structural analysis of the human alpha-fetoprotein gene. Ann 
N Y Acad Sci. 1983; 417: 13-20.

18. Smalley JR and EF Sarcione. Synthesis of alpha fetoprotein by immature 
rat uterus. Biochem Biophys Res Commun. 1980; 92: 1429-1434.

19. Li MS, PF Li, S P He, GG Du and G Li. The promoting molecular mechanism 
of alpha-fetoprotein on the growth of human hepatoma Bel7402 cell line. 
World J Gastroenterol. 2002; 8: 469-475.

20. Mizejewski GJ and R MacColl. Alpha-fetoprotein growth inhibitory 
peptides: potential leads for cancer therapeutics. Mol Cancer Ther. 2003; 
2: 1243-1255.

21. Liang OD, T Korff, J Eckhardt, J Rifaat, N Baal, F Herr, et al. 
Oncodevelopmental alpha-fetoprotein acts as a selective proangiogenic 
factor on endothelial cell from the fetomaternal unit. J Clin Endocrinol 
Metab. 2004; 89: 1415-1422.

22. Mizejewski GJ. Mechanism of Cancer Growth Suppression of Alpha- 
Fetoprotein Derived Growth Inhibitory Peptides (GIP): Comparison of 
GIP-34 versus GIP-8 (AFPep) Updates and Prospects. Cancers (Basel). 
2011; 3: 2709-2733.

23. Bartha JL, S Illanes, SA Abdel-Fattah, G Harrison and PW Soothill. 
Maternal serum alpha-fetoprotein, fetal middle cerebral artery blood flow 
velocity and fetal haemoglobin in pregnancies at risk of fetal anaemia. 
Prenat Diagn. 2006; 26: 101-104.

24. Zhang L, T He, H Cui, Y Wang, C Huang and F Han. Effects of AFP gene 
silencing on apoptosis and proliferation of a hepatocellular carcinoma cell 

https://www.ncbi.nlm.nih.gov/pubmed/12503217
https://www.ncbi.nlm.nih.gov/pubmed/12503217
https://www.ncbi.nlm.nih.gov/pubmed/15169963
https://www.ncbi.nlm.nih.gov/pubmed/15169963
https://www.ncbi.nlm.nih.gov/pubmed/14668662
https://www.ncbi.nlm.nih.gov/pubmed/14668662
https://www.ncbi.nlm.nih.gov/pubmed/14668662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151252/
https://www.ncbi.nlm.nih.gov/pubmed/11393167
https://www.ncbi.nlm.nih.gov/pubmed/11393167
https://www.ncbi.nlm.nih.gov/pubmed/11393167
https://www.ncbi.nlm.nih.gov/pubmed/19733224
https://www.ncbi.nlm.nih.gov/pubmed/19733224
https://www.ncbi.nlm.nih.gov/pubmed/19733224
https://www.ncbi.nlm.nih.gov/pubmed/9237645
https://www.ncbi.nlm.nih.gov/pubmed/9237645
https://www.ncbi.nlm.nih.gov/pubmed/9237645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1152721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1152721/
https://www.ncbi.nlm.nih.gov/pubmed/9270717
https://www.ncbi.nlm.nih.gov/pubmed/9270717
https://www.ncbi.nlm.nih.gov/pubmed/9270717
https://www.ncbi.nlm.nih.gov/pubmed/25860032
https://www.ncbi.nlm.nih.gov/pubmed/25860032
https://www.ncbi.nlm.nih.gov/pubmed/25860032
https://www.ncbi.nlm.nih.gov/pubmed/25860032
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1430253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1430253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1430253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1430253/
https://www.ncbi.nlm.nih.gov/pubmed/1379776
https://www.ncbi.nlm.nih.gov/pubmed/1379776
https://www.ncbi.nlm.nih.gov/pubmed/1379776
https://www.semanticscholar.org/paper/Congenital-Deficiency-versus-Hereditary-Persistence-Mizejewski/4aed3104418a5ae42e1a1ed7d7c61899a0852962
https://www.semanticscholar.org/paper/Congenital-Deficiency-versus-Hereditary-Persistence-Mizejewski/4aed3104418a5ae42e1a1ed7d7c61899a0852962
https://www.semanticscholar.org/paper/Congenital-Deficiency-versus-Hereditary-Persistence-Mizejewski/4aed3104418a5ae42e1a1ed7d7c61899a0852962
https://www.ncbi.nlm.nih.gov/pubmed/26162540
https://www.ncbi.nlm.nih.gov/pubmed/26162540
https://www.ncbi.nlm.nih.gov/pubmed/26162540
https://www.ncbi.nlm.nih.gov/pubmed/17720945
https://www.ncbi.nlm.nih.gov/pubmed/17720945
https://www.ncbi.nlm.nih.gov/pubmed/17720945
https://www.ncbi.nlm.nih.gov/pubmed/6200028
https://www.ncbi.nlm.nih.gov/pubmed/6200028
https://www.ncbi.nlm.nih.gov/pubmed/6200028
https://www.ncbi.nlm.nih.gov/pubmed/6154463
https://www.ncbi.nlm.nih.gov/pubmed/6154463
https://www.ncbi.nlm.nih.gov/pubmed/12046072
https://www.ncbi.nlm.nih.gov/pubmed/12046072
https://www.ncbi.nlm.nih.gov/pubmed/12046072
https://www.ncbi.nlm.nih.gov/pubmed/14617798
https://www.ncbi.nlm.nih.gov/pubmed/14617798
https://www.ncbi.nlm.nih.gov/pubmed/14617798
https://www.ncbi.nlm.nih.gov/pubmed/15001643
https://www.ncbi.nlm.nih.gov/pubmed/15001643
https://www.ncbi.nlm.nih.gov/pubmed/15001643
https://www.ncbi.nlm.nih.gov/pubmed/15001643
https://www.ncbi.nlm.nih.gov/pubmed/24212829
https://www.ncbi.nlm.nih.gov/pubmed/24212829
https://www.ncbi.nlm.nih.gov/pubmed/24212829
https://www.ncbi.nlm.nih.gov/pubmed/24212829
https://www.ncbi.nlm.nih.gov/pubmed/16463288
https://www.ncbi.nlm.nih.gov/pubmed/16463288
https://www.ncbi.nlm.nih.gov/pubmed/16463288
https://www.ncbi.nlm.nih.gov/pubmed/16463288
https://www.ncbi.nlm.nih.gov/pubmed/22935208
https://www.ncbi.nlm.nih.gov/pubmed/22935208


Mizejewski GJ Journal of Molecular and Cellular Biology Forecast

2019 | Volume 2 | Edition 1 | Article 1016ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 7

line. Discov Med. 2012; 14: 115-124.

25. Li M, H Li, C Li, L Guo, H Liu, S Zhou, et al. Cytoplasmic alpha-fetoprotein 
functions as a co-repressor in RA-RAR signaling to promote the growth of 
human hepatoma Bel 7402 cells. Cancer Lett. 2009; 285: 190-199.

26. Li M, H Li, C Li, S Zhou, L Guo, H Liu, et al. Alpha fetoprotein is a novel 
protein-binding partner for caspase-3 and blocks the apoptotic signaling 
pathway in human hepatoma cells. Int J Cancer. 2009; 124: 2845-2854.

27. Trojan J and J Uriel. Immunocytochemical localisation of alpha-fetoprotein 
(AFP) and serum albumin (ALB) in ecto-, meso- and endodermal tissue 
derivatives of the developing rat. Oncodev Biol Med. 1982; 3: 13-22.

28. Uriel J, J Trojan, P Dubouch and A Pineiro. Intracellular alpha-fetoprotein 
and albumin in the developing nervous system of the baboon. Pathol Biol 
(Paris). 1982; 30: 79-83.

29. Uriel J, MF Poupon and M Geuskens. Alpha foetoprotein uptake by 
cloned cell lines derived from a nickel-induced rat rhabdomyosarcoma. Br 
J Cancer. 1983; 48: 261-269.

30. Uriel J, C Failly-Crepin, MJ Villacampa, A Pineiro and M Geuskens. 
Incorporation of alphafetoprotein by the MCF-7 human breast cancer cell 
line. Tumour Biol. 1984; 5: 41-51.

31. Torres JM, M Geuskens and J Uriel. Receptor-mediated endocytosis and 
recycling of alpha-fetoprotein in human B-lymphoma and T-leukemia 
cells. Int J Cancer. 1991; 47: 110-117.

32. Villacampa MJ, R Moro, J Naval, C Failly-Crepin, F Lampreave and J Uriel. 
Alpha-fetoprotein receptors in a human breast cancer cell line. Biochem 
Biophys Res Commun. 1984; 122: 1322-1327.

33. Laborda J, J Naval, M Allouche, M Calvo, V Georgoulias, Z Mishal, et al. 
Specific uptake of alpha-fetoprotein by malignant human lymphoid cells. 
Int J Cancer. 1987; 40: 314-318.

34. Naval J, MJ Villacampa, AF Goguel and J Uriel. Cell-type-specific receptors 
for alpha-fetoprotein in a mouse T-lymphoma cell line. Proc Natl Acad Sci 
USA. 1985; 82: 3301-3305.

35. Lorenzo HC, M Geuskens, A Macho, S Lachkar, M Verdiere-Sahuque, A 
Pineiro, et al. Alpha-fetoprotein binding and uptake by primary cultures of 
human skeletal muscle. Tumour Biol. 1996; 17: 251-260.

36. Laderoute MP. The characterization of a novel, widespread, PNA-reactive 
tumor associated antigen: The alpha-fetoprotein receptor/binding protein. 
1991 PhD Thesis, Faculty of Graduate studies and Research, University of 
Alberta, Canada. 1991; pp1-256.

37. Laderoute M, D Willans, T Wegmann and M Longenecker. The 
identification, isolation and characterization of a 67 kilodalton, PNA-
reactive autoantigen commonly expressed in human adenocarcinomas. 
Anticancer Res. 1994; 14: 1233-1245.

38. Kanevsky V, LP Pozdnyakova, OA Aksenova, SE Severin, V Katukov and 
ES Severin. Isolation and characterization of AFP-binding proteins from 
tumor and fetal human tissues. Biochem Mol Biol Int. 1997; 41: 1143-1151.

39. Moro R, T Tamaoki, TG Wegmann, BM Longenecker and MP Laderoute. 
Monoclonal antibodies directed against a widespread oncofetal antigen: 
the alpha-fetoprotein receptor. Tumour Biol. 1993; 14: 116-130.

40. Mizejewski GJ. Review of the adenocarcinoma cell surface receptor for 
human alpha-fetoprotein; proposed identification of a widespread mucin 
as the tumor cell receptor. Tumour Biol. 2013; 34: 1317-1336.

41. Mizejewsk GJ. The adenocarcinoma cell surface mucin receptor for alpha- 
fetoprotein: is the same receptor present on circulating monocytes and 
macrophages? A commentary. Tumour Biol. 2014; 35: 7397-7402.

42. Torres JM, N Darracq and J Uriel. Membrane proteins from lymphoblastoid 
cells showing cross-affinity for alpha-fetoprotein and albumin Isolation 
and characterization. Biochim Biophys Acta. 1992; 1159: 60-66.

43. Mizejewski GJ. Review of the putative cell-surface receptors for alpha- 

fetoprotein: identification of a candidate receptor protein family. Tumour 
Biol. 2011; 32: 241-258.

44. Mizejewski GJ. The alpha-fetoprotein third domain receptor binding 
fragment: in search of scavenger and associated receptor targets. J Drug 
Target. 2015; 23: 538-551.

45. Pardee AD, H Yano, AM Weinstein, AA Ponce, AD Ethridge, DP 
Normolle, et al. Route of antigen delivery impacts the immunostimulatory 
activity of dendritic cell- based vaccines for hepatocellular carcinoma. J 
Immunother Cancer. 2015; 3: 32.

46. Atemezem A, E Mbemba, R Marfaing, J Vaysse, M Pontet, L Saffar, et 
al. Human alpha-fetoprotein binds to primary macrophages. Biochem 
Biophys Res Commun. 2002; 296: 507-514.

47. Atemezem A, E Mbemba, R Marfaing, J Vaysse, L Saffar and L Gattegno. 
Specific interaction of human alpha-fetoprotein and CCRS Fifth European 
Conference on Experimental AIDS Research ECEAR. Paris: Medimond 
Inc. 2000.

48. Pascual A, I Bruna, J Cerrolaza, P Moreno, JT Ramos, AR Noriega, et al. 
Absence of maternal-fetal transmission of human immunodeficiency virus 
type 1 to second-trimester fetuses. Am J Obstet Gynecol. 2000; 183: 638-
642.

49. Mizejewski GJ. Alpha-fetoprotein as a biomarker in immunodeficiency 
diseases: relevance to ATAXIA telangiectasia and related disorders. J 
Immunodefic Disor. 2014; 3: 1-12.

50. Mizejewski GJ. Review of the Third Domain Receptor Binding Fragment 
of Alphafetoprotein (AFP): Plausible Binding of AFP to Lysophospholipid 
Receptor Targets. Curr Drug Targets. 2017; 18: 874-886.

51. Rivera R and J Chun. Biological effects of lysophospholipids. Rev Physiol 
Biochem Pharmacol. 2008; 160: 25-46.

52. Hla T, MJ Lee, N Ancellin, JH Paik and MJ Kluk. Lysophospholipids--
receptor revelations. Science. 2001; 294: 1875-1878.

53. Meyer zu Heringdorf D and KH Jakobs. Lysophospholipid receptors: 
signalling, pharmacology and regulation by lysophospholipid metabolism. 
Biochim Biophys Acta. 2007; 1768: 923-940.

54. Mutoh T and J Chun. Lysophospholipid activation of G protein-coupled 
receptors. Subcell Biochem. 2008; 49: 269-297.

55. Anliker B and J Chun. Cell surface receptors in lysophospholipid signaling. 
Semin Cell Dev Biol. 2004; 15: 457-465.

56. Ishii I, N Fukushima, X Ye and J Chun. Lysophospholipid receptors: 
signaling and biology. Annu Rev Biochem. 2004; 73: 321-354.

57. Mizejewski GJ. The third domain fragment of alpha-fetoprotein (AFP): 
Mapping AFP interaction sites with selective and non-selective cation 
channels. Curr Topics in Peptide and Protein Research. 2016; 16: 63-82.

58. Zitt C, CR Halaszovich and A Luckhoff. The TRP family of cation channels: 
probing and advancing the concepts on receptor-activated calcium entry. 
Prog Neurobiol. 2002; 66: 243-264.

59. Kubo Y, JP Adelman, DE Clapham, LY Jan, A Karschin, Y Kurachi, et al. 
International Union of Pharmacology LIV Nomenclature and molecular 
relationships of inwardly rectifying potassium channels. Pharmacol Rev. 
2005; 57: 509-526.

60. Ashen MD, B O'Rourke, KA Kluge, DC Johns and GF Tomaselli. Inward 
rectifier K+ channel from human heart and brain: cloning and stable 
expression in a human cell line. Am J Physiol. 1995; 268: H506-511.

61. Mizejewski GJ. Breast cancer and transient receptor potential cation 
channels: Is there a role for non-selective TRP channels as therapeutic 
cancer agents? Intl J Cancer Res & Dev. 2017; 2: 4-7.

62. Mizejewski GJ. The third domain ligand binding fragment of alpha-
fetoprotein: Detection of metastasis-associated molecular targets. Canc 
Therapy & Oncol Intl J. 2017; 6: 1-15.

https://www.ncbi.nlm.nih.gov/pubmed/22935208
https://www.ncbi.nlm.nih.gov/pubmed/19501957
https://www.ncbi.nlm.nih.gov/pubmed/19501957
https://www.ncbi.nlm.nih.gov/pubmed/19501957
https://www.ncbi.nlm.nih.gov/pubmed/19267404
https://www.ncbi.nlm.nih.gov/pubmed/19267404
https://www.ncbi.nlm.nih.gov/pubmed/19267404
https://www.ncbi.nlm.nih.gov/pubmed/6181479
https://www.ncbi.nlm.nih.gov/pubmed/6181479
https://www.ncbi.nlm.nih.gov/pubmed/6181479
https://www.ncbi.nlm.nih.gov/pubmed/6178072
https://www.ncbi.nlm.nih.gov/pubmed/6178072
https://www.ncbi.nlm.nih.gov/pubmed/6178072
https://www.ncbi.nlm.nih.gov/pubmed/6192837
https://www.ncbi.nlm.nih.gov/pubmed/6192837
https://www.ncbi.nlm.nih.gov/pubmed/6192837
https://www.ncbi.nlm.nih.gov/pubmed/6208595
https://www.ncbi.nlm.nih.gov/pubmed/6208595
https://www.ncbi.nlm.nih.gov/pubmed/6208595
https://www.ncbi.nlm.nih.gov/pubmed/1702404%5d
https://www.ncbi.nlm.nih.gov/pubmed/1702404%5d
https://www.ncbi.nlm.nih.gov/pubmed/1702404%5d
https://www.ncbi.nlm.nih.gov/pubmed/2442104
https://www.ncbi.nlm.nih.gov/pubmed/2442104
https://www.ncbi.nlm.nih.gov/pubmed/2442104
https://www.ncbi.nlm.nih.gov/pubmed/2582410
https://www.ncbi.nlm.nih.gov/pubmed/2582410
https://www.ncbi.nlm.nih.gov/pubmed/2582410
https://www.ncbi.nlm.nih.gov/pubmed/8685605
https://www.ncbi.nlm.nih.gov/pubmed/8685605
https://www.ncbi.nlm.nih.gov/pubmed/8685605
https://www.ncbi.nlm.nih.gov/pubmed/7520680
https://www.ncbi.nlm.nih.gov/pubmed/7520680
https://www.ncbi.nlm.nih.gov/pubmed/7520680
https://www.ncbi.nlm.nih.gov/pubmed/7520680
https://www.ncbi.nlm.nih.gov/pubmed/9161709
https://www.ncbi.nlm.nih.gov/pubmed/9161709
https://www.ncbi.nlm.nih.gov/pubmed/9161709
https://www.ncbi.nlm.nih.gov/pubmed/7687070
https://www.ncbi.nlm.nih.gov/pubmed/7687070
https://www.ncbi.nlm.nih.gov/pubmed/7687070
https://www.ncbi.nlm.nih.gov/pubmed/23446764
https://www.ncbi.nlm.nih.gov/pubmed/23446764
https://www.ncbi.nlm.nih.gov/pubmed/23446764
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/1382611
https://www.ncbi.nlm.nih.gov/pubmed/1382611
https://www.ncbi.nlm.nih.gov/pubmed/1382611
https://www.ncbi.nlm.nih.gov/pubmed/21120646
https://www.ncbi.nlm.nih.gov/pubmed/21120646
https://www.ncbi.nlm.nih.gov/pubmed/21120646
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/26199728
https://www.ncbi.nlm.nih.gov/pubmed/26199728
https://www.ncbi.nlm.nih.gov/pubmed/26199728
https://www.ncbi.nlm.nih.gov/pubmed/26199728
https://www.ncbi.nlm.nih.gov/pubmed/12176010
https://www.ncbi.nlm.nih.gov/pubmed/12176010
https://www.ncbi.nlm.nih.gov/pubmed/12176010
https://www.ncbi.nlm.nih.gov/pubmed/10992186
https://www.ncbi.nlm.nih.gov/pubmed/10992186
https://www.ncbi.nlm.nih.gov/pubmed/10992186
https://www.ncbi.nlm.nih.gov/pubmed/10992186
https://www.scitechnol.com/alphafetoprotein-as-a-biomarker-in-immunodeficiency-diseases-relevance-to-ataxia-telangiectasia-and-related-disorders-6Py2.php?article_id=2180
https://www.scitechnol.com/alphafetoprotein-as-a-biomarker-in-immunodeficiency-diseases-relevance-to-ataxia-telangiectasia-and-related-disorders-6Py2.php?article_id=2180
https://www.scitechnol.com/alphafetoprotein-as-a-biomarker-in-immunodeficiency-diseases-relevance-to-ataxia-telangiectasia-and-related-disorders-6Py2.php?article_id=2180
https://www.ncbi.nlm.nih.gov/pubmed/26844573
https://www.ncbi.nlm.nih.gov/pubmed/26844573
https://www.ncbi.nlm.nih.gov/pubmed/26844573
https://www.ncbi.nlm.nih.gov/pubmed/18481029
https://www.ncbi.nlm.nih.gov/pubmed/18481029
https://www.ncbi.nlm.nih.gov/pubmed/11729304
https://www.ncbi.nlm.nih.gov/pubmed/11729304
https://www.ncbi.nlm.nih.gov/pubmed/17078925
https://www.ncbi.nlm.nih.gov/pubmed/17078925
https://www.ncbi.nlm.nih.gov/pubmed/17078925
https://www.ncbi.nlm.nih.gov/pubmed/18751915
https://www.ncbi.nlm.nih.gov/pubmed/18751915
https://www.ncbi.nlm.nih.gov/pubmed/15271291
https://www.ncbi.nlm.nih.gov/pubmed/15271291
https://www.ncbi.nlm.nih.gov/pubmed/15189145
https://www.ncbi.nlm.nih.gov/pubmed/15189145
https://www.researchgate.net/publication/317140381_The_third_domain_fragments_of_alpha-fetoprotein_AFP_Mapping_AFP_interaction_sites_with_selective_and_non-selective_cation_channels
https://www.researchgate.net/publication/317140381_The_third_domain_fragments_of_alpha-fetoprotein_AFP_Mapping_AFP_interaction_sites_with_selective_and_non-selective_cation_channels
https://www.researchgate.net/publication/317140381_The_third_domain_fragments_of_alpha-fetoprotein_AFP_Mapping_AFP_interaction_sites_with_selective_and_non-selective_cation_channels
https://www.ncbi.nlm.nih.gov/pubmed/11960680
https://www.ncbi.nlm.nih.gov/pubmed/11960680
https://www.ncbi.nlm.nih.gov/pubmed/11960680
https://www.ncbi.nlm.nih.gov/pubmed/16382105
https://www.ncbi.nlm.nih.gov/pubmed/16382105
https://www.ncbi.nlm.nih.gov/pubmed/16382105
https://www.ncbi.nlm.nih.gov/pubmed/16382105
https://www.ncbi.nlm.nih.gov/pubmed/7840300
https://www.ncbi.nlm.nih.gov/pubmed/7840300
https://www.ncbi.nlm.nih.gov/pubmed/7840300
https://www.researchgate.net/publication/320961843_Breast_Cancer_and_Transient_Receptor_Potential_TRP_Cation_Channels_Is_There_a_Role_for_Non-Selective_TRP_Channels_as_Therapeutic_Cancer_Targets_A_commentary
https://www.researchgate.net/publication/320961843_Breast_Cancer_and_Transient_Receptor_Potential_TRP_Cation_Channels_Is_There_a_Role_for_Non-Selective_TRP_Channels_as_Therapeutic_Cancer_Targets_A_commentary
https://www.researchgate.net/publication/320961843_Breast_Cancer_and_Transient_Receptor_Potential_TRP_Cation_Channels_Is_There_a_Role_for_Non-Selective_TRP_Channels_as_Therapeutic_Cancer_Targets_A_commentary
https://www.semanticscholar.org/paper/The-Third-Domain-Ligand-Binding-Fragment-of-%3A-of-Mizejewski/8cf82c9779ccdc934351204c9e732c29b95a184a
https://www.semanticscholar.org/paper/The-Third-Domain-Ligand-Binding-Fragment-of-%3A-of-Mizejewski/8cf82c9779ccdc934351204c9e732c29b95a184a
https://www.semanticscholar.org/paper/The-Third-Domain-Ligand-Binding-Fragment-of-%3A-of-Mizejewski/8cf82c9779ccdc934351204c9e732c29b95a184a


Mizejewski GJ Journal of Molecular and Cellular Biology Forecast

2019 | Volume 2 | Edition 1 | Article 1016ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 8

63. Angst BD, C Marcozzi and AI Magee. The cadherin superfamily: diversity 
in form and function. J Cell Sci. 2017; 114: 629-641.

64. Nagase H and JF Woessner Jr. Matrix metalloproteinases. J Biol Chem. 
1999; 274: 21491-21494.

65. White DJ, S Puranen, MS Johnson and J Heino. The collagen receptor 
subfamily of the integrins. Int J Biochem Cell Biol. 2004; 36: 1405-1410.

66. Ornitz DM, J Xu, JS Colvin, DG McEwen, CA MacArthur, F Coulier, et 
al. Receptor specificity of the fibroblast growth factor family. J Biol Chem. 
1996; 271: 15292-15297.

67. Li C, S Wang, W Jiang, H Li, Z Liu, C Zhang, et al. Impact of intracellular 
alpha fetoprotein on retinoic acid receptors-mediated expression of 
GADD153 in human hepatoma cell lines. Int J Cancer. 2012; 130: 754-764.

68. Wang S, W Jiang, X Chen, C Zhang, H Li, W Hou, et al. Alpha-fetoprotein 
acts as a novel signal molecule and mediates transcription of Fn14 in 
human hepatocellular carcinoma. J Hepatol. 2012; 57: 322-329.

69. Gao R, C Cai, J Gan, X Yang, Z Shuang, M Liu, et al. miR- 1236 down-
regulates alpha-fetoprotein, thus causing PTEN accumulation, which 
inhibits the PI3K/Akt pathway and malignant phenotype in hepatoma 
cells. Oncotarget. 2015; 6: 6014-6028.

70. Li M, H Li, C Li, S Wang, W Jiang, Z Liu, et al. Alpha-fetoprotein: a new 
member of intracellular signal molecules in regulation of the PI3K/AKT 
signaling in human hepatoma cell lines. Int J Cancer. 2011; 128: 524-532.

71. Mizejewski GJ. An apparent dimerization motif in the third domain of 
alpha- fetoprotein: molecular mimicry of the steroid/thyroid nuclear 
receptor superfamily. Bioessays. 1993; 15: 427-432.

72. Dauphinee MJ and GJ Mizejewski. Human alpha-fetoprotein contains 
potential heterodimerization motifs capable of interaction with nuclear 
receptors and transcription/growth factors. Med Hypotheses. 2002; 58: 
453-461.

73. Forman BM and HH Samuels. Interactions among a subfamily of nuclear 
hormone receptors: the regulatory zipper model. Mol Endocrinol. 1990; 
4: 1293-1301.

74. Zhu M, J Guo, H Xia, W Li, Y Lu, X Dong, et al. Alpha-fetoprotein activates 
AKT/mTOR signaling to promote CXCR4 expression and migration of 
hepatoma cells. Oncoscience. 2015; 2: 59-70.

75. Lin B, M Zhu, W Wang, W Li, X Dong, Y Chen, et al. Structural basis 
for alpha fetoprotein-mediated inhibition of caspase-3 activity in 
hepatocellular carcinoma cells. Int J Cancer. 2017; 141: 1413-1421.

76. Norgaard-Pedersen B and NH Axelsen. Alpha-fetoprotein-like activity in 
sera from patients with malignant and non-malignant disease and healthy 
individuals. Clin Chim Acta. 1976; 71: 343-347.

77. Wu J, H Zou, JT Jiang, XD Li, XM Zhao, K Jar, et al. Clinical application 
of serum alpha-fetoprotein-IgM complexes on the diagnosis of primary 
hepatocellular carcinoma in Kazakh and Han populations. Tumori. 2013; 
99: 535-539.

78. Jiang J, C Wu, Y Shen, B Xu, X Zheng, X Li, et al. Clinical application 
of determining serum AFP-IgM complexes for diagnosis of small 
hepatocellular carcinoma. Anticancer Res. 2011; 31: 687-691.

79. Beneduce L, F Castaldi, M Marino, N Tono, A Gatta, P Pontisso, et al. 
Improvement of liver cancer detection with simultaneous assessment of 
circulating levels of free alpha-fetoprotein (AFP) and AFP-IgM complexes. 
Int J Biol Markers. 2004; 19: 155-159.

80. Jingting J, W Changping, X Ning, Z yibei, W Jun, J Mei, et al. Clinical 
evaluation of serum alpha-fetoprotein-IgM immune complexes on the 
diagnosis of primary hepatocellular carcinoma. J Clin Lab Anal. 2009; 23: 
213-218.

81. Biddle W and EJ Sarcione. Specific cytoplasmic alpha-fetoprotein binding 
protein in MCF-7 human breast cancer cells and primary breast cancer 
tissue. Breast Cancer Res Treat. 1987; 10: 279-286.

82. Sarcione EJ and W Biddle. Elevated serum alpha fetoprotein levels in 
postmenopausal women with primary breast carcinoma. Dis Markers. 
1987; 5: 75-79.

83. Mizejewski GJ. The adenocarcinoma cell surface mucin receptor for alpha- 
fetoprotein: is the same receptor present on circulating monocytes and 
macrophages? A commentary. Tumour Biol. 2014; 35: 7397-7402.

84. Seregni E, C Botti, S Massaron, C Lombardo, A Capobianco, A Bogni, et 
al. Structure, function and gene expression of epithelial mucins. Tumori. 
1997; 83: 625-632.

85. Moser B, M Wolf, A Walz and P Loetscher. Chemokines: multiple levels of 
leukocyte migration control. Trends Immunol. 2004; 25: 75-84.

86. Clapham DE, LW Runnels and C Strubing. The TRP ion channel family. 
Nat Rev Neurosci. 2001; 2: 387-396.

87. Mizejewski GJ. The alpha-fetoprotein third domain receptor binding 
fragment: in search of scavenger and associated receptor targets. J Drug 
Target. 2015; 23: 538-551.

88. Chen WJ, CY Chang and JK Lin. Induction of G1 phase arrest in MCF 
human breast cancer cells by pentagalloylglucose through the down-
regulation of CDK4 and CDK2 activities and up-regulation of the CDK 
inhibitors p27(Kip) and p21(Cip). Biochem Pharmacol. 2003; 65: 1777-
1785.

89. Liang YC, SY Lin-Shiau, CF Chen and JK Lin. Inhibition of cyclin- 
dependent kinases 2 and 4 activities as well as induction of Cdk inhibitors 
p21 and p27 during growth arrest of human breast carcinoma cells by (-)- 
epigallocatechin-3-gallate. J Cell Biochem. 1999; 75: 1-12.

90. Lakhi NA and GJ Mizejewski. Alpha-fetoprotein and Fanconi Anemia: 
Relevance to DNA Repair and Breast Cancer Susceptibility. Fetal Pediatr 
Pathol. 2017; 36: 49-61.

91. Mizejewski GJ. Alpha-fetoprotein (AFP) and chromosomal/genetic 
instability disorders: Is AFP a reporter protein for DNA damage-sensing 
and repair. Cancer Therapy and Oncology. 2017; 5: 1-4.

92. Dudich E, L Seminkova, E Gorbatova, I Dudich, SL and V Korobko. Alpha- 
fetoprotein-induced apoptosis in tumor cells is differentially modulated by 
RNFR55 and TNFR75-dependent signaling. Eur Cytokine Network. 1988; 
9: 488.

93. Dudich E, L Semenkova, I Dudich, E Gorbatova, N Tochtamisheva, E 
Tatulov, et al. Alpha-fetoprotein causes apoptosis in tumor cells via a 
pathway independent of CD95, TNFR1 and TNFR2 through activation of 
caspase-3-like proteases. Eur J Biochem. 1999; 266: 750-761.

94. Mizejewski GJ. Alpha-fetoprotein uptake and cytoplasmic trafficking in 
cancer and immune-associated cells: Relevance to adaptive immunity. EC 
Clin Exptl Anatomy. 2018; 1: 1-8.

95. Mizejewski GJ. Alpha-fetoprotein (AFP)-derived peptides as epitopes for 
hepatoma immunotherapy: a commentary. Cancer Immunol Immunother. 
2009; 58: 159-170.

https://www.ncbi.nlm.nih.gov/pubmed/11171368
https://www.ncbi.nlm.nih.gov/pubmed/11171368
https://www.ncbi.nlm.nih.gov/pubmed/10419448
https://www.ncbi.nlm.nih.gov/pubmed/10419448
https://www.ncbi.nlm.nih.gov/pubmed/15147720/
https://www.ncbi.nlm.nih.gov/pubmed/15147720/
https://www.ncbi.nlm.nih.gov/pubmed/8663044
https://www.ncbi.nlm.nih.gov/pubmed/8663044
https://www.ncbi.nlm.nih.gov/pubmed/8663044
https://www.ncbi.nlm.nih.gov/pubmed/21365646
https://www.ncbi.nlm.nih.gov/pubmed/21365646
https://www.ncbi.nlm.nih.gov/pubmed/21365646
https://www.ncbi.nlm.nih.gov/pubmed/22521346
https://www.ncbi.nlm.nih.gov/pubmed/22521346
https://www.ncbi.nlm.nih.gov/pubmed/22521346
https://www.ncbi.nlm.nih.gov/pubmed/25714026
https://www.ncbi.nlm.nih.gov/pubmed/25714026
https://www.ncbi.nlm.nih.gov/pubmed/25714026
https://www.ncbi.nlm.nih.gov/pubmed/25714026
https://www.ncbi.nlm.nih.gov/pubmed/20473866
https://www.ncbi.nlm.nih.gov/pubmed/20473866
https://www.ncbi.nlm.nih.gov/pubmed/20473866
https://www.ncbi.nlm.nih.gov/pubmed/7689318
https://www.ncbi.nlm.nih.gov/pubmed/7689318
https://www.ncbi.nlm.nih.gov/pubmed/7689318
https://www.ncbi.nlm.nih.gov/pubmed/12323110
https://www.ncbi.nlm.nih.gov/pubmed/12323110
https://www.ncbi.nlm.nih.gov/pubmed/12323110
https://www.ncbi.nlm.nih.gov/pubmed/12323110
https://www.ncbi.nlm.nih.gov/pubmed/2172797
https://www.ncbi.nlm.nih.gov/pubmed/2172797
https://www.ncbi.nlm.nih.gov/pubmed/2172797
https://www.ncbi.nlm.nih.gov/pubmed/25815363
https://www.ncbi.nlm.nih.gov/pubmed/25815363
https://www.ncbi.nlm.nih.gov/pubmed/25815363
https://www.ncbi.nlm.nih.gov/pubmed/28653316
https://www.ncbi.nlm.nih.gov/pubmed/28653316
https://www.ncbi.nlm.nih.gov/pubmed/28653316
https://www.ncbi.nlm.nih.gov/pubmed/61078
https://www.ncbi.nlm.nih.gov/pubmed/61078
https://www.ncbi.nlm.nih.gov/pubmed/61078
https://www.ncbi.nlm.nih.gov/pubmed/24326844
https://www.ncbi.nlm.nih.gov/pubmed/24326844
https://www.ncbi.nlm.nih.gov/pubmed/24326844
https://www.ncbi.nlm.nih.gov/pubmed/24326844
https://www.ncbi.nlm.nih.gov/pubmed/21378357
https://www.ncbi.nlm.nih.gov/pubmed/21378357
https://www.ncbi.nlm.nih.gov/pubmed/21378357
https://www.ncbi.nlm.nih.gov/pubmed/19623644
https://www.ncbi.nlm.nih.gov/pubmed/19623644
https://www.ncbi.nlm.nih.gov/pubmed/19623644
https://www.ncbi.nlm.nih.gov/pubmed/19623644
https://www.ncbi.nlm.nih.gov/pubmed/2451952
https://www.ncbi.nlm.nih.gov/pubmed/2451952
https://www.ncbi.nlm.nih.gov/pubmed/2451952
https://www.ncbi.nlm.nih.gov/pubmed/2458881
https://www.ncbi.nlm.nih.gov/pubmed/2458881
https://www.ncbi.nlm.nih.gov/pubmed/2458881
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/24916573
https://www.ncbi.nlm.nih.gov/pubmed/9267478
https://www.ncbi.nlm.nih.gov/pubmed/9267478
https://www.ncbi.nlm.nih.gov/pubmed/9267478
https://www.ncbi.nlm.nih.gov/pubmed/15102366
https://www.ncbi.nlm.nih.gov/pubmed/15102366
https://www.ncbi.nlm.nih.gov/pubmed/11389472
https://www.ncbi.nlm.nih.gov/pubmed/11389472
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/25766080
https://www.ncbi.nlm.nih.gov/pubmed/12781329
https://www.ncbi.nlm.nih.gov/pubmed/12781329
https://www.ncbi.nlm.nih.gov/pubmed/12781329
https://www.ncbi.nlm.nih.gov/pubmed/12781329
https://www.ncbi.nlm.nih.gov/pubmed/12781329
https://www.ncbi.nlm.nih.gov/pubmed/10462699
https://www.ncbi.nlm.nih.gov/pubmed/10462699
https://www.ncbi.nlm.nih.gov/pubmed/10462699
https://www.ncbi.nlm.nih.gov/pubmed/10462699
https://pdfs.semanticscholar.org/4cd4/bbdd283fa5e10b246ebe4d9613ac0538876d.pdf
https://pdfs.semanticscholar.org/4cd4/bbdd283fa5e10b246ebe4d9613ac0538876d.pdf
https://pdfs.semanticscholar.org/4cd4/bbdd283fa5e10b246ebe4d9613ac0538876d.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10583368
https://www.ncbi.nlm.nih.gov/pubmed/10583368
https://www.ncbi.nlm.nih.gov/pubmed/10583368
https://www.ncbi.nlm.nih.gov/pubmed/10583368
https://www.researchgate.net/publication/327871705_Alpha-fetoprotein_Uptake_and_Cytoplasmic_Trafficking_in_Cancer_and_Immune_associated_Cells_Relevance_to_Adaptive_Immunity
https://www.researchgate.net/publication/327871705_Alpha-fetoprotein_Uptake_and_Cytoplasmic_Trafficking_in_Cancer_and_Immune_associated_Cells_Relevance_to_Adaptive_Immunity
https://www.researchgate.net/publication/327871705_Alpha-fetoprotein_Uptake_and_Cytoplasmic_Trafficking_in_Cancer_and_Immune_associated_Cells_Relevance_to_Adaptive_Immunity
https://www.ncbi.nlm.nih.gov/pubmed/18612637
https://www.ncbi.nlm.nih.gov/pubmed/18612637
https://www.ncbi.nlm.nih.gov/pubmed/18612637

	Title
	Abstract
	Introduction
	Objectives of the Present Report
	Overview of AFP Structure and Function
	The Functional Forms of AFP
	The AFP Cell Surface Receptor
	The AFP Intracytoplasmic Binding/Interacting Proteins
	The AFP Intermolecular Complexing Proteins (ICP)
	Concluding Remarks
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3

