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Abstract
The heat shock factor 1 (HSF1) is a DNA-binding factor that has responses under proteotoxic stress is
well-known as an HSF. Heat shock factor 1 is a unique regulator that coordinates chaperone expression
to enhance organism growth. Speci�cally, HSF’s drive transcriptional strategy is apparent from the HSP’s
and promotes cell viability. A recent study supported the HSF1 coordinated with different cancer and
robust in cancer immunotherapy. In this research, I designed to genome-wide analysis of HSF1 and its
family in mammals. A comparative analysis of HSF’s is mandatory to explore functions and
immunogenic mechanisms involved with HSP’s in organisms. Therefore, I performed a bioinformatics
pipeline and tools to the current knowledge of HSF’s in two different organisms. This application can
enhance in a signi�cant way to study particular HSF’s in discrete organisms. My �nding data
demonstrated the number of HSF1 and their family in Homo sapiens and Mus musculus. The conserved
domain, motifs, phylogeny, chromosome location, gene network, and expression analysis documented
the HSF1 associated with cancer. The analysis data concluded the HSF1 is impact in various cancers and
a signature of cancer immunotherapy.

Introduction:
The expensive investigation in biology is how cells suddenly adapt to the affected environment. The
massive environmental stress can damage cells. The multicellular organisms have a response to
generate HSPs (heat-shock proteins) or chaperones to repair protein homeostasis [1–6]. This robust
mechanism is well-known as an HSR (heat shock reaction) and releases HSF1. That HSF1 phosphorylate,
trimerize and relocate to the nucleus. Also, HSF1 involved with chaperone protein expression by bounding
to DNA sequence motifs is well-known as HSE’s. It becomes clear the organisms share molecular
responses that include the dramatic transformation of gene expression and synthesis stress induce
protein [7–10]. The molecular study suggested HSR represents unique examples of stress-inducible gene
expression impart by the transcription factor is called HSF. The multi-cellular organisms have a reaction
of heat stress by bounding the initial transcriptional catalyst to DNA. The HSF1 is preserved in evolution
also act as stress tolerance to activate HSP. A protective factor conserved over species. The HSF1 is a
leading catalyst of protein folding with defensive activities is generally known as HSP’s (chaperone
protein). The HSPs such as chaperonin 10 (HSPE1 or HSP10), chaperone DnaJ (HSP40), TCP-1/cpn60
(HSP60), DnaK (HSP70), HSP90, HSP90B1 (Grp94/Gp96), HSP110, and Glucose-regulated protein 170
(Grp170) retain intercellular homeostasis for protecting the proteome against the toxic reactions of
protein folding, misfolding and accumulation. HSP’s provoke immunity that offers a unique advantage
for cancer immunotherapy. The activity of HSP’s helps to de�ne the immune reaction that produces by
the cells in our body under a stable or stressful environment. HSP’s protect the cell's stress, such as
unstable temperature, oxidative element, heavy metals and lower pH [11–13]. The immune cells de�ne
peptides and epitopes on surface antigens, HSPs enhance molecular fragments included both peptides
and epitopes on cells. The HSP-base immunity is vital to elicit memory T-cell and antigen-speci�c
cytotoxic lymphocytes response. The polypeptides bind with HSP's to activate acquired immunity
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associated antigens by the process of dendritic cells. The antigen produces when the multiple proteases
react in the proteasome. Then the antigens appear on the cell face by the functions of MHC1 that elevate
in cells and process CD8 + T-cells to allow immunologic surveillance. During antigen cross-presentation,
exogenous antigenic attributes are eliminated by lysosomes and forwarded on the cell periphery by
activation of MHC2 that moderate the immune process. It assumed that different antigenic activity
allows external antigens to penetrate MHC1. The antigen cross-presentation empowers surface antigens
to appear dendritic cells by mighty functions of MHC1 and activate CD8 + T-cells to kill malignant cells
[14–18]. The cross-presentation of antigens elevates two alternative mechanisms: (a) the Cytosolic
pathway of antigen cross-presentation and (b) TAP (TAP1/TAP2) [19]. Besides, initiation of MHC1/MHC2
sustains cell surface via non-speci�c endocytosis on cell surface receptors. Assessment of antigen
governs the antigen cross-presentation that implicates Fc receptors, CLEC, CLEC9A, CD209 (DC-SIGN),
CD205 (DEC205) and CD206 [20–23]. Hypothetically, HSP’s bound to SRs such as SREC-1/SCARF1,
FEEL-1 (STAB1), LOX-1 (OLR1), CD204, and CD91 (LRP1). However, HSP70 bind with large granular
lymphocytes (LGL), CD314 (NKG2D) and OLR1 belong to the SRs and CLEC (C-type lectin) [24–26, 12].
The SREC-1 receptors bind with DnaK, HSP90, HSPH1, HSP90B1 and GRP170 to appear antigen
receptors in DC. The maturation of endosome and endosome-plasma membrane to cytosol-cell
membrane requires HSP70 and HSP90 mediated antigen cross-presentation [27–29]. HSP base peptides
increase antigens by proteolysis through cell compartments and access antigens to initiate cytotoxic T-
cell cross-priming. The cells activate immunity when MHC1 interact with CTL by process of APC and
epitopes cross-presentation. An encounter of chaperones included DnaK, HSP90, Grp78 (HSPA5 or
Byun1) and Grp94 (gp96 or ERp99) suspected immune functions. It is unclear that Grp78 (HSPA5) is
bound with peptides and participates in antigen allowance but has an immune reaction in chaperoning of
IgG. The HSP70 release from cells and aspect necrosis lead to a robust T-cell mediated anti-tumour
immune response. Also, GRP170 produce under the extracellular environment acquires tumour rejection
via effects of LGL even cytotoxic T-cell. The silencing of exosomes effect on DC contains HSP70 in cross-
priming of T-cells potentially executed a role of immunity. However, tumour speci�c exosomes embrace
DnaK on the vesicle surface and appear immunosuppression via interaction of MDSC [30–35]. Cross
presentation of HSP-based peptide-binding antigens is not su�cient to complete the program of CTL
without other molecular negotiation and may fail to proliferate and encounter PCD. In cytotoxic T-cell
response, DC process antigens via MHC2 and activate CD4 + T-cells. It presumes that HSPs chaperone
antigens activate through the process of MHC2 and initiate CD4 + T-cells. The stimulating of CD8 + T-cell
requires a DC permit and negotiation with CD4 + T-cells [36–37]. Preliminary interaction of CD154
(CD40L) on CD4 + T-cell surface by process of CD40 on DC signals initiate co-stimulatory molecules
CD80 (B7-1) and CD86 (B7-2) both permitted CD8 + T-cells activity. Also, PD-L1 and PD-L2 maintain co-
stimulatory function via the reaction of PD-1 (CD279). The T-cell surface molecules CD28 and CTLA-4
(CD152) interacts with co-stimulatory ligands B7-1 and B7-2 on APCs and regulated T-cell antigen
recognition. Co-stimulatory molecules rewarded by CD28 function on T-cells and support signals of CD8 
+ T-cells by the process of MHC1-peptide-complex on T-cell receptor. During illness, PAMPs bound to the
PRR also TLR and stimulate innate immune reactions via APC. That type of signal activates nuclear
factor-κB that evokes proin�ammatory cytokine and co-stimulatory molecules such as B7-1 and B7-2
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[38–44]. Furthermore, HSP’s base peptides potentially functioned as DAMPs induce innate immunity via
interaction of TLR2 and TLR4 dependant fashion. The SREC-1 dependent tumour immunity activate by
HSP70 require TLR signalling through MYD88 or TLR2/TLR4 receptors to destroy tumours. As CTL
activation, the participation of DC, CD8 + T-cells, and CD4 + T-cells all are sharply regulate by the process
of in�ammatory cytokines via DC. Remarkably, HSP70 activates by the activity of CCL cytokines in TLR4
dependent fashion and bind directly to the CCR5 [45–47]. Also, LOX-1 even SREC-1 interacts with TLR2 to
activate innate immunity through HSP associated LOX-1 signalling. The fold of LOX-1 with rectifying LDL
produce MAP kinase, NF-κB and pro-in�ammatory signalling through the intracellular domain receptors.
HSP’s interact with MHC1 via SRA/CD204 receptors to innate immune signalling through interactions of
TLR4, MAP kinase, and NFκB that innate CD4 + T-cell activation. HSP90 dependent SREC-1 integrates
GTPase and non-receptor tyrosine kinase strongly associated with lipid rafts in TLR4 signalling manner
and innate-immune response. HSP stimulate signalling of SREC1 also LOX-1 represent antigen cross-
presentation even stimulates innate immunity and control the inhibitory response of HSP dependent
SRA/CD204 signalling. The HSP’s base peptide-binding suggested the combined action of SREC1 and
LOX-1 enhances functional response on the cell surface. The signi�cant prototype of tumour evolves HSP
peptide expect an ability to bind antigenic oligopeptides. Therefore, the HSP’s associated peptide binding
is relatively stable when ADP rather than ATP is adjacent to the chaperone [12, 14, 28, 44]. This
immunologic theorem extended for chaperone properties atop and their respective abundance inside the
cells and supported in different cancer. Moreover, HSF’s have multiple isoforms acquire in organisms,
which appear discrete functions like physiological distress, oogenesis, early development, embryonic
growth and various diseases in mammals. One of them is HSF1 provoke rapidly in a hypoxic and hostile
microenvironment that is a growth inhibitor in an individual. The cancer cells express high levels of the
HSF’s to protect the folding of malformed proteins and solubilization [48–55]. The HSF1 in cancer is a
target impact on malignancy also activates a broad array of malignant cells, and then the template of
DNA tenancy is divergent from the normal cells. Also, HSF1 govern sophisticated transcriptional activity
that promotes cellular transformation and sustains malignant growths. Those concepts suggested HSF’s
prominently associated with different cancer. Therefore, classical mechanisms of HSF’s maintain cell
cycle regulation, cell signalling, metabolism, adhesion and translation [1]. In this study, I decided to a
comparative analysis of the HSF1 and their family in mammals. The assessment of the HSF family is a
monument for future examination of the particular HSF in different organisms.

Results:
Structural analysis

The target (query) sequence determined the precise formation of nucleotide and peptide. The sequence
composed of 1590 nucleotides and 529 peptides within 105 peptides bind to the DNA sequence is known
as an HSF domain (Table. 1). The polypeptide structure demonstrated that the HSF domain bind to the
HSE’s. The HSE’s are a palindromic sequence with repeated pyrimidine and purine motifs. The HSF1 is
homotrimeric cytoplasmic polypeptide results of relocalisation of the nucleus. The HSF that monomer
contains C-terminal also N-terminal leucine zipper replicates. The sequence of HSF1 bound with N-
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terminal zipper-�t unity of two-dimensional nuclear localisation signals. Interaction of N terminal also C
terminal-zipper result of structural mask in nuclear localisation, the activation of HSF1 is an un-maske
result of relocalisation protein in the nucleus. The DNA binding components recline in the N terminus for
nuclear localisation signals (Fig. 1).

Genome-wide analysis

The genome-wide analysis by the HMMER algorithm obtains the multiple hits 28 and 23 of HSF domains
in Homo sapiens and Mus musculus, respectively (Table 2a). The standalone BLAST result represents 14
and 25 homologs in Homo sapiens and Mus musculus, respectively (Table 2a). The multiple hits listed
from both organisms for annotation, the gene ontology annotation demonstrated the sequence accuracy
of the particular genes in the HSF family (Table 3). A total of 5 and 9 of HSF1 and 28 and 25 of HSF’s
validate in Homo sapiens and Mus musculus, respectively (Table 2b).

Domain, motifs, and phylogeny analysis

The highest hits of HSF1 listed from both organisms for sequence aligning, an MSA result determines the
conserved HSF domain. The high consensus (90%) indicates the extended HSF domain (Fig. 2) and
motifs (Fig. 3). The phylogenetic tree demonstrated the molecular evolutionary link of the HSF1 in
between Homo sapiens and Mus musculus. Particular clade represents the multifunctional heat shock
factors in both organisms (Fig. 4).

Expression, chromosome location, and network analysis

The disease state study suggested the HSF1 express in the breast, intraductal carcinoma, neoplasms of
digestive organs, colon, carcinoma, neoplasms of respiratory system/intrathoracic organs, bronchus,
lung, non-small cell carcinoma, squamous cell carcinoma, and adenocarcinoma (Fig. 5, 6, 7). The
chromosome location study con�rms the HSF1 located band 8q24.3, start 144,291,591 bp and ends
144,314,720 bp (Fig. 8). The gene network study determines the HSF1 gene interacts with other
molecules, such as HSP90AB1, HSPA1A, HSP90AA1, SIRT1, MAPK3, MAPK1, EEF1A1, HSPA8, DNAJB1,
and HSBP1, those molecular interactions govern the outcome of the HSF1 in the cells (Fig. 9).

Discussion:
A comparative analysis of the HSF1 and their family regulated malignancy also the HS (heat shock) TF’s
(transcription factors) govern HSP’s complex in oncogenesis. HSF1 activate in a large diversity of human
malignancies and is strongly correlated in different cancer worldwide [53]. The broad array of tumours
suggested the HSF1 rival an inherent character in tumour biology. Many concepts arise during heat shock
activation i.e. protein folding, ATP formation, composite of extracellular matrix, DNA repair, translation,
cell signalling, cellular adhesion and apoptosis affected by the HSF’s. The remarkable hypothesis in this
research is an outcome of heat shock factor 1 is a mediator of HSP chaperone activities [1]. The response
of HSF1 in cancer explains: (a) why HSF1 is dynamic modi�ers in tumorigenesis (b) why HSF1 determine
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metastasis-promoting gene (c) what activation clearly de�ne query gene as a regulator in cancer [54].
Many years of investigation have not rigorously elucidated the HSF1 process under classical heat shock
reaction. The functional mechanisms demonstrated the cascade of the target gene during segregation by
functions of chaperones when unravel substrates engage with chaperone binding. HSF1 response in
malignancy during protein homeostasis, misfolding oncoproteins, and aneuploidy. The increased rates of
abnormal cells activity signi�cantly stimulate HSF1 reaction and release chaperones. The unstable
signalling in abnormal cells drives post-transcriptional modi�cation; those mechanisms suggested HSF1
is a subject of extensive post-transcriptional modi�cation, acetylation, and phosphorylation [55]. Also, the
action of metastasis and death is a conserved origin explicit from cancer. A broad parameter of tumours
with HSF1 activity supported the fundamental biological process. The response of HSF1 regulated high
growth also metabolism as a wound healing and immune reaction [1]. HSF1 also HSF3 function as
stress-responsive activator regulates heat-shock reaction, whereas HSF2 activated during outgrowth and
segregation. HSF4 is express in the brain, heart, skeletal muscle and pancreas. Also, HSF5 regulates for
recovery of the morphological changes of growth-arrested by apoptosis. The X/Y-linked HSF’s are a
testis-speci�c factor initiate’s antibody. Paradoxically, the evolutionary functions of HSF1 in cells adapt,
survive, propagate, and support in cancers. HSF1 cumulated oncogenic mutation for disrupting
physiology and metastasis [56–58]. The diagnosis value of heat factors is a diverse regulator that
activates variable targets for cancer immunotherapy. This study demonstrated the fundamental
treatment bene�t of HSF1 in various cancers. The clinical implementation must require for the
achievement of signature and validation of samples in multiple clinical cohorts. The potential
establishment of HSF1 supported the breakthrough of lethal tumours. Therefore, my consciousness of
the immense role of HSF’s supported in different cancers in humans.

Material And Methods:
Database and target sequence

The primary structure retrieves from various speci�c databases such as UniProt, NCBI, KEGG, DDBJ and
EMBL. Then we perform web-based application SMART for examinations of the particular domain in the
query sequence. Pfam search for retrieving protein family details. SWISS-MODEL performs for
constructing a three-dimensional structure of the objective sequence. SWISS-MODEL is a bioinformatics
web-server for comparative modelling of 3D structures. Also, this application offers to generate a viable
structure for practical works. That application makes an experimental protein to rebuild the structure for
evolutionary proteins. This database is up to date for comparative or homology modelling of proteome
for biomedical research.

Genome

The draft genome sequences all organisms download from various databases such as Ensemble and
NCBI.

Standalone tools
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HMMER executes through MSA of peptide residues as an initial search. HMMER is a mathematical and
statistical algorithm that offers to makes an MSA of the peptide domain as a primary search. An
implemented method that uses probabilistic models is well-known as pro�le HMM. Standalone BLAST2
conducts for the homologs in isolated organisms.

Gene annotation

The BLAST2GO performed for gene ontology annotation is bioinformatics and a mathematical tool for
high-throughput gene annotation of the high-resolution sequences. The functional sophistication of the
particular genes retrieves via the GO (gene ontology) database is a standard vocabulary of the working
attribute.

Domain

For observation of a conserved domain, an MSA method is applicable to calculate the accurate match of
the homologs sequences. So the identity, similarity, and differences can be measure. MSA of multiple hits
sequences from selected organisms carried by web-based application MultAlin.

Motif

The MEME application performs for observation of sequence motifs. That is a computational web base
tool to analyze even discovery of the sequence motifs.

Chromosome location

Chromosome location retrieves using a database gene card. The gene card database of an organism’s
gene content provides knowledge of all human genes and their chromosome location. This database is
currently available for biological research like genes, proteins, and their associated diseases.

Gene networks

The genetic (gene) network is a group of molecules that regulate and interact in the cells to control the
degree of mRNA or proteins expression. Some proteins convey to activate genes called TF’s that bind to
the promoter area and initiate the formation of other proteins is called regulatory cascades. We can
retrieve the STRING database for the prediction of protein-protein interaction. The STRING database
contains various resources like experimental data and computational methods.
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Abbreviations
HSF: Heat Shock Factor 

HSE: Heat Shock Element

HSP: Heat Shock Protein 

HSF1: Heat Shock Factor 1

HSF2: Heat Shock Factor 2

HSF3: Heat Shock Factor 3

HSF4: Heat Shock Factor 4

HSF5: Heat Shock Factor 5

TAP: Transporter associated with antigen processing

HSFX: Heat Shock Factor X-linked

HSFY: Heat Shock Factor Y-linked

CTL: Cytotoxic Lymphocyte 

APC: Antigen Presenting Cell
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MHC1: Major Histocompatibility Class 1

MHC2: Major Histocompatibility Class 2 

CD8+ T-cell: Cytotoxic T-cell

CLEC: C-type lectins

DCs: Dendritic cells 

CLEC9A: C-type lectin domain family 9 member A

DC-SIGN: Dendritic Cell-Speci�c Intercellular adhesion molecule-3-Grabbing Non-integrin

CD209: Cluster of Differentiation 209

DEC205: Lymphocyte antigen 75 or CD205 

CD206 (Cluster of Differentiation 206): Mannose Receptor 1

SR: Scavenger Receptor

SCARF1: Scavenger Receptor Class F Member 1

FEEL-1 (STAB1): Stabilin-1

LOX-1 (OLR1): Oxidized low-density lipoprotein receptor 1 (lectin-type oxidized LDL receptor 1)

SRA/CD204: Macrophage scavenger receptor 1

LRP1 (CD91): Low density lipoprotein receptor-related protein 1

NK: Natural Killer

NKG2D (CD314): Killer Cell Lectin-like Receptor K1

CLEC: C-type Lectin Families

SREC-1: Scavenger Receptor Class F Member 1

SRs: scavenger receptors

HSP70 (DnaK):   Heat shock protein 70 (70 kilodalton heat shock proteins) 

HSP90: Heat shock protein 90

HSP40: Heat shock protein 40 (chaperone DnaJ)
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HSP60: Heat shock protein 60

HSP90B1: Heat shock protein 90 kDa beta member 1 (endoplasmin, gp96, grp94, or ERp99)

HSP110: Heat shock protein 110

HSP10: Heat shock 10 kDa protein 1 (chaperonin 10, cpn10 or early-pregnancy factor)

Grp78 (HSPA5 or Byun1): Binding immunoglobulin protein (BiP)

Grp94 (gp96 or ERp99): Heat shock protein 90kDa beta member 1 (HSP90B1) or endoplasmin

IgG: Immunoglobulin G

Grp170: Glucose-regulated protein 170

MDSC: Myeloid-derived suppressor cells

PCD: Programmed cell death

CD4+ Cells: T helper cells

CD80 (B7-1): Cluster of differentiation 80

CD86 (B7-2): Cluster of Differentiation 86

B7-DC (CD273): Programmed cell death 1 ligand 2

B7-H1 (CD274): Programmed death-ligand 1

PD1 (CD279): Programmed cell death protein 1 

CD28: Cluster of Differentiation 28

CTLA-4 (CD152): Cytotoxic T-lymphocyte-associated protein 4

PAMPs: Pathogen-associated molecular patterns

PRR: pattern recognition receptors

TLR: Toll-like receptor

NFκB: Nuclear factor-κB

DAMPs: Damage-associated molecular patterns

TLR2: Toll-like receptor 2
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TLR4: Toll-like receptor 4

CCL: Chemokine receptors

CCR5: C-C chemokine receptor type 5

LDL: Low-density lipoprotein

MAPK: Mitogen-activated protein kinase

CDC42: Cell division control protein 42 homolog

ADP: Adenosine diphosphate

ATP: Adenosine triphosphate

DNA: Deoxyribonucleic acid

MYD88: Myeloid differentiation primary response 88 (innate immune signal transduction adaptor)
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Figure 1
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3D structure of HSF1

Figure 2

Multiple sequence alignment of HSF1
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Figure 3

Speci�c motifs of HSF1
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Figure 4

Phylogeny analysis of the HSF family
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Figure 5

HSF1 expression in Breast Cancer
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Figure 6

HSF1 expression in Colon Cancer
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Figure 7

HSF1 expression in Lung Cancer
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Figure 8

Chromosome location of HSF1

Figure 9

Gene regulatory network
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