
Most pharmaceutical drugs act by targeting  
proteins and modulating their activity. Target 
proteins belong to four main families: enzymes, 
transporters, ion channels, and receptors. The 
U.S. Food and Drug Administration has approved  
drugs targeting approximately 600 human  
proteins, with most acting on signal transduction 
proteins that convert extracellular signals into 
intracellular responses. Antibody-based drugs 
usually cannot penetrate the plasma membrane 
and therefore target cell surface proteins such as 
receptors, while small molecule drugs are able to 
act on both intracellular and extracellular targets.

THE DRUGGABLE PROTEOME 

The existence of a variety of protein isoforms 
in each cell endows the structural space of the  
human proteome with breadth and complexity. 
Isoforms are produced through posttranslational 
modifications, proteolytic cleavage, or somatic  
recombination. Variations in the amino acid  
sequence also result from local genetic varia-
tions in protein-coding regions. Additionally,  
a large proportion of protein-coding genes have 
splice variants that yield protein products of  
different sizes. The almost limitless variety  
of posttranslational modifications combine  
to create thousands of additional variants,  
contributing to a rich and diverse proteome.

THE ISOFORM PROTEOME

FRACTION OF ALL GENES WITH ELEVATED  
EXPRESSION IN DIFFERENT TISSUES
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The Power of Proteins. The human genome consists of approximately 20,000 protein-coding genes. If DNA can be equated with the blueprint for a home, then proteins 
can be thought of as the bricks and mortar, plumbing, and paint—essentially everything that makes up the house. This poster summarizes the multiple ongoing antibody-  

and transcriptomics-based proteome projects and where in the human body this research is focused. For more detailed information, visit: www.proteinatlas.org  

Transcriptomics analysis suggests that some 
9,000 genes code for so-called housekeeping  
proteins, located in every cell, that main-
tain the normal cellular structure and basic  
functions for life. These include ribosomal  
proteins involved in protein synthesis, enzymes  
essential for cell metabolism and gene  
expression, and mitochondrial proteins needed  
for energy generation as well as structural  
proteins responsible for building and maintaining  
the physical integrity of the cell. 

THE HOUSEKEEPING  
PROTEOME

All processes within a living cell are highly 
regulated, including cell proliferation, diffe- 
rentiation, and death. Regulatory mechanisms  
include the control of gene expression  
as well as posttranslational modifications 
that can regulate protein activity, stability,  
localization, or degradation. Transcription  
factors, of which 1,500 human proteins have 
been identified, are an especially important 
class of regulatory proteins as they function as 
the on/off switch for gene expression.

THE REGULATORY PROTEOME 

The Human Protein Atlas contains a wealth 
of expression and localization data on the 
majority of protein-coding genes. It is divided  
into four parts: normal tissue, subcellular, 
cell lines, and cancer. Transcriptomics 
data provides gene expression information  
across different tissues and organs,  
while antibody-based protein profiles show  
cell-level localization for the corresponding  
protein. The Human Protein Atlas (version 
13.0) contains protein data for 85% of the  
translated human genome and includes 
13 million images with primary data from 
immunohistochemical and immunofluor-
escent studies.

THE HUMAN PROTEIN ATLAS

The expression of all human protein-encoding 
genes has been measured in samples represen-
ting all major tissues and organs in the human 
body. Approximately one-third showed some 
level of elevated expression in at least one of 
the analyzed tissues, but few showed strict 
tissue-specific expression. Functional analysis 
has shown that the role of such proteins with a 
tissue-elevated expression correlates with the 
tissue/organ function. For example, the liver  
produces large numbers of secreted proteins, 
while the kidney expresses many membrane-
bound transport proteins, and the brain harbors 
a preponderance of neurological proteins. 

THE TISSUE-SPECIFIC 
PROTEOME
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Both secreted and membrane-bound proteins 
play crucial roles in many physiological and  
pathological processes. Important secreted  
proteins include cytokines, coagulation factors, 
and growth factors, among others, while mem-
brane proteins include ion channels or molecular 
transporters, enzymes, receptors, and anchors 
for other proteins. Approximately 3,000 human  
genes are predicted to encode secreted pro-
teins, with another 5,500 encoding membrane- 
bound proteins. 

THE SECRETOME AND 
MEMBRANE PROTEOME

Over 500 genes have been implicated in the 
tumorigenesis process. Normal expression of  
these genes is essential for orderly growth,  
survival, and function. However, overexpression, 
loss of expression, or expression of a defective 
protein can contribute to dysfunction and tumor 
growth. Dysregulated expression results from 
large structural rearrangements, chromosomal 
duplication, specific gene amplifications, or  
silencing of transcription through mutations or 
epigenetic mechanisms. Furthermore, point mu-
tations or small insertions or deletions can lead 
to loss or gain of function in the affected protein. 

THE CANCER PROTEOME

The pancreas carries out both exocrine and 
endocrine functions. Glandular cells in the  
exocrine compartment secrete digestive 
enzymes into the gastrointestinal tract, while 
the islets of Langerhans execute the endocrine 
function, secreting insulin and other hormones.  
Unsurprisingly, many pancreatic mRNAs encode 
specialized secreted proteins.

PANCREAS
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The skin (epidermis, dermis, and subcutaneous 
layer) is both a protective barrier and sensory 
organ. The epidermis (mostly keratinocytes) 
forms a protective barrier against physical,  
chemical, and biological insults. Most protein 
functions are related to squamous cell differen-
tiation and cornification, skin pigmentation, and 
hair development.

SKIN
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The gastrointestinal tract (GIT)—the esophagus,  
stomach, small and large intestines, and  
rectum—absorbs nutrients and water, protects 
against pathogens, and maintains the balance 
of beneficial microorganisms. GIT proteins are 
predominantly involved in nutrient breakdown, 
transport, and metabolism; host protection; 
and tissue morphology maintenance.

GASTROINTESTINAL  
TISSUES
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Cardiac muscle, comprising specialized  
cardiomyocytes, functions to pump blood to all 
extremities of the body and maintain optimal  
blood pressure, whereas skeletal muscle, 
consisting of striated muscle cells fused 
into long muscle fibers and attached to the  
skeleton, provides physical stability and allows  
for voluntary movement. 

CARDIAC AND  
SKELETAL MUSCLE
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The adrenal and thyroid glands are the main 
endocrine organs. The adrenal gland secretes 
steroid hormones (impacting metabolic func-
tion and electrolyte balance) from the adrenal 
cortex and catecholamines are released by the 
adrenal medulla (in response to stress). The 
thyroid gland regulates basal cell metabolism 
and blood calcium levels. 

ENDOCRINE ORGANS
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The brain is a highly complex and energy-intensive 
organ that receives, processes, and executes 
the coordinated higher functions of perception, 
motion, and cognition. Neural proteins show  
specific patterns of expression in different cells 
as well as in subcellular structures such as 
axons, dendrites, synapses, and the extra- 
cellular matrix. 

BRAIN

1

The lung is a delicate, spongy tissue primarily  
responsible for respiration, the gaseous exchange 
of O2 and CO2 between air and blood that occurs  
at the ~300 million alveoli. Pneumocytes,  
bronchial epithelium, and endothelial cells  
facilitate O2 /CO2 exchange, while alveolar  
macrophages protect the lung against infection 
from inhaled microbes. 

LUNG
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The liver—the largest internal organ—comprises  
parenchymal cells (hepatocytes and bile ducts  
cells) and non-parenchymal cells (sinusoidal  
endothelial, Kupffer, and hepatic stellate  
cells). Liver-specific proteins include plasma  
and bile proteins, detoxification proteins, and 
proteins associated with metabolic processes 
and glycogen storage.

LIVER
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MALE TISSUES
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The testes and prostate gland represent the male 
reproductive tissues. The testes produce sperm 
and hormones important for the development of 
male sex characteristics. The prostate secretes  
semen components that support sperm  
viability. Many of the testes-specific proteins  
are involved in the reproductive process and 
spermatogenesis.

FEMALE TISSUES
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The female reproductive tissues include the 
ovaries, which produce female reproductive hor-
mones and germ cells; the endometrium, site 
of fertilized egg implantation; and the placenta. 
The endometrial mucosa undergoes hormone-
driven regeneration during the menstrual cycle, 
providing the necessary environment for implan-
tation of a developing embryo.

The kidney maintains body homeostasis by 
regulating blood composition and eliminating 
organic compounds, including drugs. Different 
cell types are organized into sub-anatomical 
structures with distinct functions, showing  
elevated levels of essential proteins, for  
example, proteins required for blood filtration  
are elevated in the glomerulus.

KIDNEY
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Tissue (see above)

Bone marrow, located in the cavities of large  
bones, contains stem cells that divide and  
differentiate into mature erythrocytes and leu-
kocytes. Immune cell activation, proliferation, 
and maturation occur in secondary lymphoid 
organs including the spleen, lymph nodes, and 
lymphoid tissue located in various organs such 
as the appendix. 

HEMATOPOIETIC  
TISSUES
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Adipose, or fat, tissue is highly specialized to 
store energy, secrete hormones, and protect  
the body. It surrounds important organs  
(visceral fat) and also forms an insulating  
layer beneath the skin (subcutaneous fat). 
Proteins involved in lipid metabolic proces-
ses, secretion, and transport are found to be 
elevated in adipose tissue.

ADIPOSE TISSUE
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