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Tissue-based map of the human proteome
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RNA and protein expression data
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Human proteome or Human proteomes?

HUMAN PROTEOMES Explore the various proteomes

The various proteomes can be explored in this interactive database including numerous catalogues of protein-
coding genes with detailed information regarding expression and localization of the corresponding proteins.
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The Human Protein Atlas project

History

Started in 2003 as a collaboration between KTH and
Uppsala University, and made possible by a generous grant
from the Knut and Alice Wallenberg foundation.

Vision

Generate validated protein probes to all the non-redundant

proteins encoded by the human genome and use these to
functionally explore the human proteome.

Goals

Generate and validate antibodies towards all human
proteins (a major isoform for each protein encoding gene).

Create a map of protein expression patterns in cells and in
human tissues.

Utilize reagents and protein expression data to identify and
explore biomarkers of clinical relevance.

Output at peak production

8-10 new human proteins/day
10,000 images/day
500 Gigabyte of data/day
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High throughput technologies
The Human Protein Atlas would not be possible without:
* |ndustry-scale antibody production and validation
* Tissue microarray technology

e Laboratory information management system (LIMS)
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The Workflow within HPA
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Release history: number of genes/antibodies

Number of genes/antibodies included per new release

30000

25000

20000

15000

10000

Number of genes/antibodies

5000
0 lll
v.1.0 v.2.0 v.3.0 v.4.0 v.5.0 v.6.0 v.7.0 v.8.0 v.9.0 v.10.0 | v.11.0 | v.12.0 | v.13.0 | v.14.0
B Antibodies| 718 1514 3014 6103 8832 11274 | 13154 | 14506 | 15598 | 17298 | 18707 | 21984 | 24028 | 25039
B Genes 659 1364 2657 5063 6844 8489 10118 | 11260 | 12238 | 14079 | 15156 | 16621 | 16975 | 17005
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Immunohistochemistry
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Immunohistochemistry
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Tissue microarray production

THE PRINCIPLE OF TISSUE MICROARRAYS

Samples from 120 donor blocks can be collected into one single reciever block.
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Tissue microarrays
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Automated immunohistochemistry
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Digital scanning of immunostained TMAS

20x scanning: 50.000 pixels/inch (one HD-TV per mm)
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Annotation of images

Tissues Scanning
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Manual annotation
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Affinity Purifications

[TMA Blocks

Immunohistochemistry
Pending IH-test
In IH-test

Pending IH Iteration
In IH Tteration

Pending staining
In staining

Staining

THC antibody search
Validation backlog

View old workorder
Antibody relationsship fists
Available for valigation
Add dilution )

Add collaborator antibodies
Search collaborator antibodies

Markers.

Membranes

Fail membrane

Tissue Western tests
Tissue Western evaluation

Box viewer
Tube transfers
Inventory

Special stainings
1IH Statistics

IH Annotation

[Antibody Destiny

Protein Atlas

Biomarker Study

Search 1
PrEST search
Search & Export
BLAST

HPA production Statistics
HPA production Status

Logout
Cnange password
Change e-mail

LIMS states and scores ref

testis and CNS.

Cytoplasmic staining in several tissues: fallopian tube, endometrium §']

Normal summary:

Cancer summary:

[Strong cytoplasmic staining was
[observed in seminiferous duct cells
while glandular cells in the female
genital tract and occasional glial cells
G L TR T exhibited strong cytoplasmic and

nuclear immunoreactivity. Remaining
(L CT DRI PRV P B normal tissues were weakly stained or
in atlas) negative.

)

Most cancer cells were wea
negative. Several endometr
ovarian cancers displayed
cytoplasmic positivity. Weal
moderate and

Affinity Purifications

nuclear staining was obser
cases of gliomas, breast, p|
testicular and renal cancer:

Curated by: Jerker Linné {summary change history)

Backlog finished or currently being made by

Asa Edvinsson

IHC Annotation selected
image

2 Aod

A X
Immunohistochemical staining of human corpus, uterine shows strong cyy
cells.

present intensity quantity
B0  yes 8  strong 10  >75%
IHC annotations - normal 3 o 14  moderate 9 75%-25%
16  weak 18 <25%
42  negative 1  rare
present intensity quantity
206  yes 14  strong 35 =75%
IHC annotations - cancer 55  moderate 30  75%-25%Y
36  weak 35 <25%
101  negative 5  rare

IHC APE Internal

imilar and supoorted by RNA and lit.lo RNAS2
comment i in APE: HPAD29725, HPAOS5572

TMA Blocks

Immunohistochemistry
Pending IH-test
In IH-est

Pending IH Iteration
In IH Tteration

Pending staining
In staining

Staining

THC antibody search
Validation backlog

View old workorder
Antibody relationsship lists
Available for validation
Add dilution y

Add collaborator antibodies
Search collaborator antibodies

Markers

Membranes

Fail membrane

Tissue Western tests
Tissue Western evaluation

Box viewer
Tube transfers
Inventory

Special stainings
IH Statistics

IHC APE summary

Cytoplasmic expression in a subset of tissues including cells in seminiferof

b (G UL LT T T TSl Staining of cytoskeleton (microtubules) and nudleus in all three cell lines.

IH

Antibody Destiny

IF Internal comment

IF Validation Uncertain

IF State Finished IF

IF Annotation selected
image

nucleoli.

Immunofiuorescent staining of human cell line U-2 OS shows positivity in

Protein Atlas

Biomarker Study

Search y
PrEST search
Search & Export
BLAST

HPA production Statistics
HPA production Status

Mesenchymal
Result from 7 - Not ive (Only bands not

to the predicted size)

Gene info based on blast of experimental Prest aa seq:
Ensembl lin| ENSGO00000162174 (100%)

Description: asparaginase like 1
PubMed: ASRGL1 (13 publications found)

Show transcripts >3]

|)3 T4 s |6 [7 [8 [5 [10]
230 [130 [s5 [72s6 36 [28 17 [11 ] |

Comment:

Result from evaluation: 2 - Supportive (Band of predicted size in kDa (+/-20%) with additional bands present)
Marker (kDza)
T2 T3 T4 Js Te [7 s Jo T1o]

1
IEJIIBO|95|72]55[36[28|17|10] |
—

Logout
Change password
Change e-mail

LIMS states and scores ref

IHC Internal comment
Cell

Previous comments:

) Negative (1] Tissue type not availadle
Unsoecific staining (2] Not reproducible
beellular location [ ical location

. taioi Sion st

Gene: ENSG00000162174
Score: Low
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APE state: Finished APE
View In Internal atlas | View in RNAseg Genes

Masopharynx respiratory epithelial cells
Bronchus respiratory epithelial cells
Lung macrophages
pnaumocytes
Oral mucosa squamous epithelial cells
Salivary gland glandular cells
Esophagus squamous epithelial cells
Stomach 1 glandular cells
Stomach 2 glandular cells
Duodenum glandular cells
Small intestine glandular cells
Colon endothelial cells
glandular cells
peripheral nerve/ganglion
Rectum glandular cells
Appendix glandular cells
lymphoid tissue
Liver bile duct cells
hepatocytes
Gallbladder glandular cells
Pancreas exocrine glandular cells
islets of Langerhans
Thyroid gland glandular cells
Parathyroid gland glandular cells
Adrenal gland glandular cells
Kidney cells in glomeruli
cells in tubules
Urinary bladder urothelial cells
Vagina squamous epithelial cells
Skin 2 epidermal cells
Skin1l fibroblasts:
keratinocytes
Langerhans
melanocytes
Ovary follicle cells
ovarian stroma cells
Eallopian tube glandular cells
Uterus 2 cells in endometrial stroma
glandular cells [
Uterus 1 cells in endometrial stroma
glandular cells |
Cervix, uterine glandular cells Jjj

squamous epithelial cells

decidual cells
trophoblastic cells
adipocytes
glandular cells
myoepithelial cells
cells in seminiferous ducts [ i
Leydig cells
glandular cells
glandular cells
glandular cells
endothelial cells
glial eells
neuronal cells
neuropil
cells in granular layer
cells in molecular layer
Purkinje cells
glial cells
neuronal cells
glial cells [
neuronal cells
cells in red pulp
cells in white pulp
germinal center cells
non-germinal center cells
germinal center cells
non-germinal center cells
squamous epithelial cells
hematopoietic cells
myacytes
smooth muscle cells
myocytes
adipocytes
chondroqﬂ.es.
fibroblasts
peripheral nerve Jj
adipocytes
chondrocytes .
fibroblasts
peripheral nerve Jj

Edited by Linda Oskarsson at 2014-04-24 Annotated protein expression

summary:

Cytoplasmic expression in a subset of tissues including cells in seminiferous ducts and

glandular cells of fermale genital tract.

Internal comment:

Similar and supported by RNA and lit.le
RHASZ

Reliability:
High 4
g
Status:
Finished :
Move gene

HUMAN PROTEIN ATLAS=°
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 UniPraot
Uniprot ID: Q7_2656
Protein name: ASGL1 _HUMAN
Full name: Iscaspartyl
peptidasefL-asparaginase
Protein existence: evidence at
protein lewvel
Function: Has both L-
asparaginase and beta-aspartyl
peptidase activity, May be
involved in the production of L-
aspartate, which can act as an
excitatory neurotransmitter in
some brain regions. Is highly
active with L-Asp beta-methyl
ester. Besides, has catalytic
activity toward beta-aspartyl
dipeptides and their methyl
esters, including beta-L-Asp-L-
Phe, beta-L-Asp-L-Phe methyl
ester (aspartame), beta-L-Asp-L-
Ala, beta-L-Asp-L-Leu and beta-
L-Asp-L-Lys. Does not have
aspartylglucosaminidase activity
and is inactive toward GleNAc-L-
Asn. Likewise, has no activity
toward glutamine.
Subcellular location:
Cytoplasm. NOTE: Midpiece of
sperm tail.
Tissue specificity: Expressed in
brain, kidney, testis and tissues
of the gastraintestinal tract.
Presant in sperm {at protein
level). Over-expressed in uterine,
mammary, prostatic and ovarian
carcinoma.

r RMAseq data
Tissue
enhanced

Highest: testis 91.4 fokm
Lowest: skinl 0.6 fokm

Category:

@’g”&‘ B
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RNA expression profiling of human tissues

Category Description Number of genes Fraction (%)
Tissue enriched At least five-fold higher mRNA Ieyels in a particular 2355 12
tissue as compared to all other tissues
Group enriched At Ieast five-fold higher mRNA levels in a group 1109 5
of 2-7 tissues
Tissue enhanced At least five-fold higher mRNA levels in a pa_rticular 3478 17
tissue as compared to average levels in all tissues
Expressed in all Detected in all tissues (FPKM > 1) 8,874 44
Mixed Detected in 2-31 tissues but not elevated in any tissue 2,696 13
Not detected FPKM less than 1 in all tissues 1,832 9
. 1832 2355
Total Total number of genes analyzed with RNA-seq 20,344
Total elevated Total number of tissue enriched, group enriched and 6,942
tissue enhanced genes
e —————— T —— |

HUMAN PROTEIN ATLAS=°

3478

W Tissue enriched
Group enriched

M Tissue enhanced

W Mixed

B Expressed in all
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RNA expression profiling of human tissues

Tissue Tissue Group Tissue Total
dd""' Testis 999 317 609 1925
&L m
, i\" -* Cerebral cortex 38 226 590 1134
‘\ ‘ urinary Liver 172 147 156 475
stamach hladder
‘* Fallopian tube 60 167 212 439
I ‘ ‘ Skin a7 116 204 417
L4 7l _
( < l Kidney 68 149 189 406
i““\ﬁf “ , spiean ‘ Skeletal muscle 111 141 135 387
~‘."ﬂ“"\. ~‘ ‘ adipese Bone marrow 85 40 210 335
S ‘#4‘.';- small L eso- T Small intestine 4 185 139 328
intesting phagus Duodenum 8 184 133 326
Placenta 86 62 146 204
Heart muscle 33 132 17 282
‘\ . sallvary Esophagus 43 111 127 281
} gland Tonsil 6 95 156 257
Adrenal gland 38 88 128 254
*"-‘, _..'-“ " Lymph node 0 40 185 225
‘iq .“‘ bone- Spleen 8 47 145 200
) l ' marrow Salivary gland 45 54 % 195
| 7 e
‘ N A.ru‘h_\._ 4 Thyroid gland 23 40 130 193
< l 4 YW- testis ' Rectum 1 108 78 187
heart ‘ 1 ‘-M‘“‘ Stomach 28 50 100 187
muscle “—V i Colon 0 110 76 186
- -
", ’ Lung 17 48 101 166
{J
‘ ’\ ' Prostate 21 50 88 159
‘ “ Pancreas 44 44 60 148
t alloplan Adipase tissue 21 34 90 145
A tuba ’ Ovary 6 26 106 138
Gallbladder 6 49 83 138
Appendi 2 47 77 126
thyroid placenta ppendix
gland \ Uterus 4 32 65 101
d | Urinary bladder 1 23 66 90
adrana
gland Smooth muscle 0 18 57 75
sl I Tizzue anriched Total 2355 1109 3478 6942
"G ched
roup ann
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THE TISSUE-SPECIFIC

PROTEOME




The organ proteomes

ORGAN PROTEOME 5 Expiore the proteomes of specific tissuss and organs

The expression all protein-coding genes in all major tissues and organs in the human body can be explored in
thiz interactive database, including numerocus catalogues of proteins expressed in a tissue-restricted manner.

. Heart
sran | Skeletal muscle
Adrenal gland Gastrointestinal tract
Thyroid gland }7 Salivary gland
Ezophagus
— Stomach
Lung |_ Duodenum
Small intestine
Bone marrow and Colon
lymphatic tizzues
Bone marrow
Lymph node I~ Pancreas
Spleen
Appendix
—| Kidney
Liver

Gallladder

Endometrium
Testis Ovary
vary
Prostate Placenta

Adipose tissue |7 4| Skin

Tt ok Al P
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HUMAN PRUTE'N ATLAS" |tissue_specificity_ma:Pancress Tissus enriched | [ search |Fields » ABOUT & HELP

THE HUMAN PROTEOME

THE HUMAN PROTEOME
The Human Proteome = Pancreas

PROTEIN CLASSES .
The pancreas-specific proteome

PROTEIN EVIDENCE &,
The pancreas iz a composite organ with both exocrine and . = = -
LEARN endocring functions. The exocrine compartment includes o IR er!nched genes ST R AR s SIS
DICTIONARIES glandular cells that secrete enzymes to the gastrointestinal tract * Most gru.up en_rlchec_l genes share Protein expression of genes elevated in pancreas
for digestion of food intake. The endocring function of pancreas expression with salivary gland
METHODS iz based on the diffusely spread islets of Langerhans, which = 143 genes defined as elevated in the Proteins specifically expressed in islet cells of pancreas
. . - pancreas
CELL LINES include endocrine cell types that secrete insulin and other Proteins specifically expressed in exocrine glandular cells of pancreas

= Most elevated genes encode
secreted proteins

hormones. The transcriptome analyzis shows that 1% of all
human proteins (n=20244) are expressed in the pancreas and
142 of these genes show an elevated expression in pancreas

Proteins specifically expressed in ductal cells of pancreas

MEDIA £ DATA compared to other tizsue types. An analysis of the genes with Genes shared between pancreas and other tissues
MEDIA elevated expression in pancreas reveals that the corresponding Pancreas function
DOWNLOADABLE DATA E;uﬂtz:l:;:re expressed in the various cell types present in T
Background
1832 148 Relevant links and publications

THE HUMAN PROTEIN ATLAS
INTRODUCTION

ASSAYS & ANNOTATION
DATA QUALITY & SCORING
DISCLAIMER

RELEASE HISTORY

DATA USAGE POLICY
ANTIBODY AVAILABILITY
HELP

B Elgvated in pancreas

B Expressed in all

5198 B Mixed expression pattern
Mot detected in pancreas

B Not detected in any tissue

3284

ANTIECDY SUBMISSION Figure 1. The distribution of all genes scross the five categories based on transcript abundance in pancreas as
ANTIBODY SUBMISSION well a= in ail other tissues.

CONDITIONS



Tabls 1. The genes with elevated expression in pancreas

Category Mumber of Description
genes
Tissue enriched a4 At Iea,.j.t five-fold higher mRNA levels in a particular tizsue as compared to all
other tissues
Group enriched 44 Atleast five-fold higher mRNA levels in a group of 2-7 tissues

At least five-fold higher mRNA levels in a particular tissue as compared to
average levels in all tissues

Tizsue enhanced &0

Total 148 Tetal number of elevated genes in pancreas

Table 2. The 12 genes with the highest leve! of enriched expression in pancreas. "Predicted localization”™ shows
the classification of each gene into three main classes: Secreted, Membrans, and Intraceliular, whare the latter
consists of genes without any predicted membrane and secreted festures. "mRANA (tissue)" shows the transcript
tevel as FEKM values, TS-score (Tissue Specificity score) corresponds to the score calculated as the foid
change fo the second highest tissue.

Gene Description Predicted localization mRNA (tissue} TS5-score
CTRB2 chymotrypzinogen B2 Secreted 522121 863
PMLIPRP1 | pancreatic lipase-related protein 1 Secreted 4011.7 237
CTRB1 chymotrypsinogen B1 Secreted 58491.4 788
CELAZB | chymotrypsin-like elastase family, member 2B Secreted 71047 709
Cuzm CUB and zona pellucida-like domains 1 Membrane Secreted 9813 690
SYCN syncoelin Secreted 5E241 E4g
CELA3A  chymotrypsin-like elastase family, member 34 Secreted 51227 1 519
CELAZ2A | chymotrypsin-like elastase family, member 24 Secreted 250783 518
CELA3B  chymotrypsin-like elastase family, member 3B Secreted 173781 4596
CTRC chymotrypzin C (caldecrin) Secreted 13991.8 401
CEL carboxyl ester lipase Secreted 17834.4 387
CTRL chymotrypzin-like Secreted 23485 344

Some of the proteins predicted to be membrane-spanning are intracellular, e.g., in the Golgi or mitochondrial
membranes, and some of the proteins predicted to be secreted can potentially be retained in a compartment
belonging to the secretory pathway, such as the ER, or remain attached to the outer face of the cell membrane by
a GPlanchor.

Protein expression of genes elevated in pancreas

Gene Ontology-bazed analyzis of allthe 142 genes elevated in pancreas indicates a clear overrepresentation of
proteins associated with metabolic processes, proteolysis and digestion. A majority of the 142 genes encode
secreted proteins.

In-depth analysis of the elevated genes in pancreas using antibedy-based protein prefiing allowed us to create a
map of where these proteins are expressed within the pancreas.



Proteins specifically expressed in islet cells of pancreas

The islet celis constitute 2% of the pancreas, and are responsible for maintaining a steady blood glucose level by
secreting hormones regulating uptake and release of glucose. Examples of proteins expressed in islet cells
include INS, which is secreted following elevated blood glucose levels, and GCG, which acts in the opposite
direct raising blood glucose levels. Another important protein is the transcription factor NICXE-1, essential for
development of beta cells.

INS ' GCG ’ HKX6-1

Proteins specifically expressed in exocrine glandular cells of pancreas

The exocrine part of the pancreas is mainly composed of exocrine glandular cells and ductal cells. The main
function of the exocrine glandular cells is to produce digestive enzymes and CI rich fluid for transportation of
enzymes. Examples of proteins expressed in exocrine glandular cells include ANMY2A and CELAZA, both involved
in enzymatic digestion of proteins and lipids.




Proteins speéiﬁcally expressed in ductal cells of pancreas

The enzymes secreted by exocrine glandular cells are transported through the pancreatic ductal system into the
main pancreatic duct that ends in the duodenum. The ductal epithelium secretes HCO, " rich fluid for regulation of
the pH. One example of a protein expressed in ductal cells is SLC444, which acts as a Na"'IHCO3' cotransporter.

Genes shared between pancreas and other tissues

There are 44 group enriched genes expressed in the pancreas. Group enriched genes are defined as genes
showing a S-fold higher average level of mRNA expression in a group of 2-7 tissues, including pancreas,
compared to all other tissues.

Pancreas shares nine genes with salivary gland, an organ with exocrine function highly correlated with the
exocrine pancreas. One example of a group enriched gene shared between pancreas and salivary gland is the
digestion enzyme AMY1C. Another example is BHLHA1S, a transcription factor regulating acinar cell function.

BHLHA1S - salivary gland



Pancreas function

The pancreas is a mixed exocrine/endocrine gland with dual functions essential for maintaining physiological
levels of blood glucose and for digestion of food intake. The underlying cell types that execute these diverze
functions are exocrine cellz, responzible for storing enzyme=s, and cells in iglets of Langerhans, synthesizing
different hormones.

Pancreas histology

The exocrine component is composed of lobular unitz of acini, that discharge their zecretions into progressively
larger ducts that finally merge into the main pancreatic duct, which ends in duodenum. The pyramidal-zhaped
acinar cells are filed by eo=inophilic zymogen granules.

The islets of Langerhans, which constitute 1-2% of the cell mass in the adult pancreas, represent the endocrine
component of the pancreas. The islets are round, compact structures that are highly vascularised with sparse
connective tissue. The main cell types in the islets are beta cells - responsible for insulin production, alpha cells -
responsible for glucagon secretion, deta cels - responsible for somatostatin secretion and PP cells - the
pancreatic polypeptide secreting cells.

The hiztology of human pancreas including detailed images and information about the different cell types can be
viewed in the Protein Atlas Histology Dictionary.

Background

Here, the protein-coding genes expressed in the pancreas are dezscribed and characterized, together with
examples of immunohistochemically stained tissue sections that visualize protein expression patterns of proteins
that correspond to genes with elevated expression in the pancreas.

Transcript profiing and RNA-data analyses based on normal human tissues have been described previoushy
(Fagerberg et al, 2013). Analyses of mRNA expression including over 5% of all human protein-coding genes
was performed using deep RNA sequencing of 122 individual samples correspending to 32 different human
normal tissue types. RNA seguencing results of 2 fresh frozen tissues representing normal pancreas was
compared to 120 other tissue samples corresponding to 31 tissue types, in order to determine genes with
elevated expression in pancreas. A tissue-specific score, defined as the ratio between mRNA levels in pancreas
compared to the mRNA levels in all other tissues, was used to divide the genes into different categories of
expression. These categories include: genes with elevated expression in pancreas, genes expressed in all
tiszues, genes with a mixed expression pattern, genes not expressed in pancreas, and genes not expreszed in
any tissue. Genes with elevated expression in pancreas were further sub-categorized as i) genes with enriched
EXpression in pancreas, i) genes with group enriched expression including pancreas and i) genes with
enhanced expression in pancreas.

Human tizsue samples used for protein and mRNA expression analyses were colected and handled in
accordance with Swedish laws and regulation and obtained from the Department of Pathology, Uppsala University
Hospital, Uppsala, Sweden as part of the sample collection governed by the Uppsala Biobank. All human tissue
samples used in the present study were anonymized in accordance with approval and advisory report from the
Uppsala Ethical Review Board.
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Figure 1. The distribution of all genes across the five calegories based on transcript abundance in pancreas as
well &z in all other tissves.

142 genes show some level of elevated expression in the pancreas compared to other tissues. The three
categories of genes with elevated expression in pancreas compared to other organs are shown in Table 1.

Table 1. The genes with elevaled expression in pancreas

At least five-fold higher mRNA levels in a particular tissue as compared to all
other tiszues
At least five-fold higher mRNA levels in a group of 2-7 tissues

At least five-fold higher mRNA levels in a particular tissue as compared to
average levelz in all tizzues

Tigzue enriched 44

*

Group enriched
Tizzue enhanced &0

Total 148 Total number of elevated genes in pancreas
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Dictionary

The aim of the dictionary is to facilitate the interpretation and use of the image-based data available in the Human Protein Atlas, but also to serve as a tool for training and understanding tissue histology,
pathology and cell biology. The dictionary contains three main parts, normal tissues, cancer tissues and cells, and is based on high-resolution images at different magnifications of full tissue sections stained

with hematoxylin-eosin (HE). The cell atlas is

NORMAL TISSUE HISTOLOGY

Careteal conex ~

Tissue histology

Tissue & cell types

Adrenal gland
Anal skin
Appendix
Bone marrow
Breast
Bronchus
Cerebellum
Cerebral cortex
Cervix, uterine
Colon
Duodenum
Endometrium
Epididymis

Esophagus

overview

d on immunofit

CANCER HISTOLOGY

oal
Veus’

-

Hallmarks of cancer

Cancer statistics

Tumors

Breast cancer
Carcinoid

Cervical cancer
Colorectal cancer
Endometrial cancer
Glioma

Head and neck cancer
Liver cancer

Lung cancer
Lymphoma
Melanoma

Ovarian cancer
Pancreatic cancer

Prostate cancer

HUMAN PROTEIN ATLAS=°

Cell structure overview

Cellcycle

Cell structures

Cell junctions

Centrosome

Centrosome (microtubule-organizing center)
Cytoplasm

Cytoskeleton (actin filaments)
Cytoskeleton (cytokinetic bridge)
Cytoskeleton (intermediate filaments)
Cytoskeleton (microtubule end)
Cytoskeleton (microtubules)
Endoplasmic reticulum

Focal adhesions

Golgi apparatus

Mitochondria

Nuclear membrane

1ce and confocal microscopy images, using different color channels to highlight the organelle structure of a cell.

CELL STRUCTURE

PROTEIN EXPRESSION

pr g s

Immunohistochemistry

ACTA2
Smooth muscle marker

AMACR
Marker for prostate cancer

AMY1A

Amylase - Marker for salivary gland and pancreas

CD1A

Marker for antigen presenting cells

CD3E
CD3 - General T cell marker

CD4

T helper cell marker

CD55

Marker for the reticular network in lymphatic tissues

CD68
General monocyte/histiocyte/macrophage marker

CD79A

THE
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DICTIONARY

Dictionary > Normal tissue > Colon

Muscularis mucosae

Muscularis externa P O

Colon

The colon is divided into four parts, the ascending, transverse, descending and sigmoid colon and is on average 1,5 meters long. lts main function is
reassertion of fluid, electrolytes, and vitamins.

Since the large intestine has no villi or plica circularis the mucosa is smooth. Simple tubular intestinal glands (crypts of Lieberkuhn) extend
through the entire thickness of the mucosa. The surface columnar epithelium and the cells lining the crypts are enterocytes, with an oval basal
nucleus and apical brush border, the microscopic representation of microvilli. There are also numerous mucous secreting goblet cells recognized
by their content of a large mucous glebule. The Jamina propria with connective tissue and inflammatory cells surround the crypts. A thin smooth
muscular layer, the lamina muscularis mucosae marks the border between the mucosa and submucosa.

The submucosa consists of loose connective tissue with vessels and nerves. Some solitary /lymph follicles are also seen.

The muscular layer (muscularis externa) consists of an inner circular smooth muscle layer, the outer longitudinal muscle layer is not continuous as
in the rest of the gastrointestinal tract. It is divided into three thickened muscular bands, called teniae coli.

General histology of gastro-intestinal tract (Gl-tract)

The gastrointestinal canal consists of the esophagus, stomach, duodenum, jejunum, ileum, colon, rectum and anal canal. It is best viewed
as a long tube passing from the oral te the anal opening. It supplies the body with water, electrolytes and nutrients from the food we eat. Our main
sources of food are carbohydrates, proteins and fats, which in general cannot be absorbed in the form they are ingested. First they have to be
broken down intc small enough compounds. The process of digestion and absorption is carried out in a stepwise fashion as the food passes down
the different parts of the gastrointestinal tract.

Anatomy

m Anatomy 1

@, Anatomy 2

a Anatomy 3

—="  Normal colon

Protein expression
/@ ACTA2, colon
CDX2, colon
SDC1, colon
N KRT20, colon
. MKI67, colon
S$100B, colon

CHGA, colon



DICTIONARY

Dictionary > Normal tissue > Colon > Detail 1 '

Simple columnar epithelium (glandular cells)

Anatomy
m Anatomy 1

m Anatomy 2
@ Anatomy 3
Examples

Protein expression

L)
% ";?‘
el

il & ACTA2, colon

£33y

CDX2, colon

| N

¥
5

f, "3 KRT20, colon

~ % MKe7, colon

" spC1, colon

S1008B, colon

CHGA, colon



DICTIONARY

Dictionary > Normal tissue > Colon > Detail 1 > Magnification 1 i

Brush border




DICTIONARY

Dictionary » Protein expression > MKI67 g

Norh'raf cok;b shdwing éxpréssién of the proliferation marker Ki-67 (MKIBT) in the nuclei of proliferating glandular cells. Ki-67 éxpression ls }nainly
found in deeper parts of colonic crypts. Ki-67 expression is additionally seen in a few inflammatory cells present in lamina propria.

Ki-67 (MKIG7) - general marker for proliferation

The MKIE7 gene encodes a widely known yet functionally poorly characterized protein called Ki-67 that specifically labels the nuclei and
chromosomes of cells actively undergoing proliferation, but is not detected in cells that are in resting G0-phase. Thus, Ki-67 is a very general marker
for actively proliferating cells and this characteristic has been heavily exploited in both research and clinical work. It is commonly used to assess the
proliferative activity in tumers, which may be a measure of aggressiveness in certain types of cancer.

Show MKIS7 in the protein atlas.

Y

Normal tissue - Protein expression

~ % Colon

Testis

RS Tonsi

Urinary bladder

Cancer tissue - Protein expression

“

" Breast cancer 1, ductal carcinoma
Breast cancer 2, ductal carcinoma
Carcinoid 1
Carcinoid 2
Colorectal cancer 1, adenocarcinoma
Colorectal cancer 2, adenocarcinoma
Colorectal cancer 3, adenocarcinoma

Lung cancer 1, adenocarcinoma

o

X o Lung cancer 2, squamous cell carcinoma

% Lung cancer 3, small cell lung carcinoma

Lung cancer 4, adenocarcinoma

ﬂ Lymphoma 1, B-CLL



DICTIONARY

Dictionary > Protein expression > MKI67 > Detail 1

Normal tissue - Protein expression

e
.

. Colon
._",:. . o.
. ." & Lymph node
Skin
Testis

RS s

Urinary bladder

Cancer tissue - Protein expression
" Breast cancer 1, ductal carcinoma
i3 Breast cancer 2, ductal carcinoma
Carcinoid 1
’ Carcinoid 2
Colorectal cancer 1, adenocarcinoma
R Colorectal cancer 2, adenocarcinoma
Colorectal cancer 3, adenocarcinoma
._" Lung cancer 1, adenocarcinoma

A Y Lung cancer 2, squamous cell carcinoma

High magnification of normal colon mucosa showing abundant expression of the proliferation marker Ki-67 in the deeper regions of 7 \
colonic crypts, where proliferating cells are present. Scarce inflammatory cells in the upper regions of the colon mucosa are also seen &
expressing Ki-67. ﬁ Lung cancer 3, small cell lung carcinoma






The Mouse Brain Atlas (new v.14)

The mouse brain protein atlas Q

Tha frst varsion of 2 Mousa Drain 3135 13unchad 35 part of M2 Human Srotein ALas databasa In Octadar 2015 covars

29 brain araas and subBiaids. Tha ovanvizw and prasenvad orantation Nas anadiad us 10 anNotate A3FToNal o classes
(202ndymal), SUSDOPUIITONS (MICrogia, allgodendrocyias, and 35irocyies), and SUDCAIERr IOCaToNs (3x0n, dendrite,
synapse, and gila endt=at). Inagration of NUMaN and Mousa rain data ABows SXpIoning Yansiational 35pacts of brain
proteamics, for exampie dfierancas In expracsion and ASTIDUON of protEing, 207902 NOMAIOZY, 3nd ANTDOdy SpRCICily
and 3ty In non-human sampiss of 112 Mouss brain

GFAP - actrooyte

MEP . ongodendrooyte

LI& § - ependymal celic
Flgurs 1 The aifterant 1ypes of newrologlcal o2l C135525 (20enaymal calls. purpls) . SUBpopUISNans (A=35Toc) =S blus
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MOUSE BRAINTISSUE  ~

Gene description LIM homeobox 2

Human tissue RNA category Tissue enriched (cerebral cortex).

Mouse gene E (version 78)

Annotation summary Neuronal cytoplasmic positivity in most brain areas.
Positive cells and structures SOMa in neurons.

Reliability Supportive

Olfactory bulb Visual cortex External cortical Lateral Hippocampus
inferior colliculli paragigantocellular
nucleus
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Protein

Relative fluorescence intensity

=1

Mouse brain regicn 255
Anterior olfactory nucleus (aon)

—
Granule cell layer (gra) —
Internal plexiform layer {ipl) —
Mitral cell layer {mi) ——
Glomerular layer (gl) —
Rostral migratory stream (rms)
External plexiform layer (epl)
External plexiform layer of the accessory OB (epla)

]
|
Granule cell layer ofthe accessory OB (gra) [—

Glomerular layer of the accessory OB (gla)

Dorsal tenia tecta (dtt)

Caudate putamen {cpu)

Accumbens nucleus, core (acbc)
Accumbens nucleus, shell (acbsh)

Island of Calleja (icj)

“entral pallidum (vp)

Medial septum (ms)

Mucleus of the vertical limb of the diagonal band (vdb)
Lateral septum (ls)

Mucleus of the horizontal limb of the diagonal band (hdb)

Globus pallidus (gp)
cerebral corfex, forebrain
Frontal association cortex (fra)

|
Maotor cortex (m) —
|

Cingulate cortex (cg)

Firifarm cortex, L1 {pirl1)

Ririfnrm rartay |2 fnird 2%

Tt o Tlie [

BT, [ )

j - g rda ~H”§ % v,
H U M A N PROTEI N AT LAS oo - Wjﬂ 9 é'»%'5595 ¥ UPPSALA
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PROTEIN EVIDENCE Chromasome summary

Evidence summary | HPAevidence  UniProtevidence  MS evidence

Evidence map of human proteins

Chromosome  Genes with protein svidence

1

© @ N @ e w

HUMAN PROTEIN ATLAS

PROTEIN EVIDENCE Chromaosome: 2

Show genes below in an evidence list format.
Show chromosome summary.
Evidence

Evidence summary  HPA evidence  UniProt evidence  MS evidence
Evidence st protein evel

EYkietiealar e et FAMLLOC SH3YLL ACFL FAMLSOE — TMEM1S  ACOS2159.1 SNTG2 TRO FXON

N svidence ALLC COLEC1L RPS7 RMASEH1  RP13-512151 TRAPPC1Z

Mot avaiable

3.7 Mb Dopoze SOKLL CMPKZ RSADZ RNFL44A 102 KIDINS220 MBOATZ. ASAFZ

ITGELEFL

101 Hb caorfag ATPEVLC2 KCNFL  C2oifso

FAMBAA

153 Mb FAM49A

RADSLAPZ VSNLL

RHOB FUMZ E==) LAPTH4A MATNS WDR3S TTC32 O3RL HTSCLE NTSCLE-RDHL4

205 Mb

HSLEP3 GDF7 Czarfs3 APOB TORDLS KLHLZS ATADZE UEKNZA MFSDZE

FTRHDL NCOAL TSNz FAMZ 284 PR TPS3L3 FAM2 285 Caofds

SF3E6 FKEPLE

24.7 1k DHAIC2T EFR3E FOMC DHMT 34 DTHE

c2of70 DRCL GPRLL3 HADHE HADHA GAREML

2851k SLE35FE CENPA MAPRES THEMZ14  AGBLS 0574 EMILINL

SLC30A3 CAD ATRAID SLCSAS TCF23 PRR30 PREE ABHDL CGREFL KHE

27.2Mb | puacse TRIMS 4 ucn MPVL7 GTF3C2 EIF2B4 SNXL7 ZNF513 PPH1G MREPL

GPHL ccpclal ZHFslz C2ofle  ACLO9829.2  ACLO9H29.1 GoKR FHDC4 IFTL72 KRTCAPS
27.6Mb SUPT7L SLC4ALAP MRPLS 3 REKS BRE FosL2 PLEL FPPLCE Spova
LCLATL LEH YPELS ALK CLIp4 czaif7l FAML75A WDR4 3 TRMTELE
307 Mb CaPNLS GALNTL4 CAPNLA EHDS XOH SROSAZ MEMOL oY30 SpAST
CRIML FAMIEA RASGRP3 LTERL TTC27 BIRCS YIPF4 HLRC4 SLC30A6
sesmb FEZZ vIr STRN HEATRSE  GPATCHLL  EIF2AKz SULTEBL ~CEBPZOS — CEBFZ HDUFAF?
SRSF7 GALM HNRNPLL ATLZ CvPLBL RMDN2 coc4zER3 greT PRKDS
387 Hb GEMINE DHXS7 HORNZ ARHGEF33 s051 COoKLY MAPAKS THMEML784 THUMPD2
— —
ZFP36EL2 HAAD OXERL MTAs KNG 3 CoxzAzL ErLe PKDCC  C2orfel sLCEAL

— T

CYNCZLIL ABCGS ABCGE LRPPRC PPHLE

43.2Mb

PLEKHH2 PREPL
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Protein evidence

Protein evidence HPA & UniProt )

Protein evidence HPA & Proteogenomics

Protein evidence UniProt & Proteogenomics .
Protein evidence HPA & UniProt & Proteogenomics

8000, m Protein evidence
5o RMA evidence
420, " M Mo evidence
o G000
5% &
S
k5]
- o 4000 1
g
4% 3
Z 2000 |
|
16% o] ]
i}
Protein evidence Evidence summary % E E E E 2
Human Protein Atlas (HPA) B Mo evidence a g 2 § = 2
= UniProt Em ev!gence Hm& UriProt 4 ° o E =
Prot i evidence niPro = o o
roleogenomics Protein evidence HPA Z 3z 2 3 =
Protein evidence UniProt ) 2 0 E
Protein evidence Proteogenomics [ @
@
&
|

- 17,132 protein-coding genes with proteins identified from at least one effort
- 677 genes (3.3%) lacking experimental evidence of existence

- 18% of genes with elevated expression lack evidence on the protein level

THE HUMAN PROTEIN ATLAS e

UPPSALA
UNIVERSITET




100 antibodies sent every day

* POLYCLONALS
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Approximately two publications from external users using
the HPA antibodies every day

TATLAS ANTIBODIES
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www.proteinatlas.org

HUMAN PROTEIN ATLAS®

ABOUT HELP BLOG

Brain

The Mouse Brain ASas Is an 300i500 D he Human Pro®in
ASas presented as an INeracive 0aB03se il Ruorescent
Images revealing protein disYRUBON 00 3 CeRuar and
SUOCRAUGY level i1 e mammaikan brain_ The wrival
MICTOSCOpe gives e POSSDAlY D view Inage-0at win
MaCroscopic and miroscopic resolson

CANCER ATLAS
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SUBCELL ATLAS CELL LINE ATLAS
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HJARNANS CELLER X

Undersdk hur olika sort‘e‘rs‘ihjérn-celler seruti
hjarnans olika delar (cortex, lateral ventrikel,
hippocampus, cerebellum), framst pa

! ”Normalvavnads atlasen”, men dven pa o etk
musatlasen, i de fall de ser intressant.ut. : ffx
- AQP4 (glia) b
* ARFGEF1 (neuron) . ‘
* DPP6 (hippocampus) : ol
« LRPAP1( : #&wss) e f’:

e ITPKA (lat: vent)
* MAP2 (dendriter)
¢ NEFL2 (lat. vent)
« . * RCN2 (neuron)
- LIAS (neuron)
~* SLC2A1 (blodkarl) :
« NDUFV2 (hippocampus, ependym)  « i

2 SCGN (cerebellum) e
¢ ¢ SAYSD1(mouse) L e
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