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Human Protein Atlas (www.proteinatlas.org)
– a public database with expression profiles in normal and cancer tissues

Antibody based proteomics
The systematic generation and use of antibodies 

to functionally explore the proteome

The Swedish Human Proteome Resource (HPR)The Swedish Human Proteome Resource (HPR)

Program director: Mathias Uhlén
Funding from Knut and Alice Wallenberg Foundation started 2003
Seven sites: KTH, Uppsala, KI, Malmö, Seoul, Beijing and Mumbai
80 employees at KTH and Uppsala University (altogether 200 researchers)
A publicly available Human Protein Atlas
Current throughput: ~10 new validated antibodies per day
Aim to analyze 10,000 human proteins by the end of 2009 
First draft of the human proteome by 2014
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Non-redundant 
protein 20, 488* A representative protein 

from every gene locus

Protein variants >200,000

Different protein 
fragments (splice 

variants or proteolytic 
fragments)

Protein species 
(isoforms) >100,000

Protein that differ in 
post-translational 

modifications (PTM)

Combinatorial 
variants

>10 
million

Different proteins 
created by somatic DNA 

rearrangements

Protein allels >75,000
Proteins that differ by 

genetic variation 
(coding SNPs)

How large is the human proteome?

* Clamp et al (2007) 
Distinguishing protein-coding and 
noncoding genes in the human 
genome
PNAS 104:49, p19428-433.

18,609 annotated by SwissProt

10,721 evidence at protein level 



MS analysis Immunization

Human Protein Atlas portal

PrEST
design

&
Molecular 

biology
Sequencing Protein factory

Bioinformatics and 
literature search 

IHC analysisWestern blot Protein 
microarray

IF analysis

Affinity 
purification

A multi-disciplinary program PrEST PrEST designdesign
PrEST = Protein Epitope Signature Tag. 
Selected fragment (25-150 amino acids) of a 
protein. Represents the target protein.

As sequence-dissimilar as possible to other 
proteins. Avoid homology

Avoid transmembarne regions

If possible design four PrESTs per protein
Transmembrane regionConserved domains PrEST 

region

5´ 3´

Transcript

Coding sequence

Molecular Biology

Bioinformatics

Primers

RT-PCR
Amplification of PrEST
regions from mRNA
Analysis of products by 
agarose gel electophoresis

cDNA fragment

Cloning
Vector preparation
Restriction of cDNA
to enable a directed
insert in the vector
Ligation

Plasmids
with insert

Cultivation
Transformation into E.coli 
Cultivation on agar plates 
Colony selection
Plasmid purification
Production of glycerol stock

QA
DNA sequencing of insert
Comparison to reference sequence

Expression 
clones

Protein
Factory

PrEST
Arrays

Plasmid

250 clones/week

Protein factory

+ IPTG

Harvest and Lysis

His6 ABP PrESTPT7

Mix with IMAC matrix

Purification Columns

His-ABP-PrEST

Immunizations

Affinity columns

Protein arrays

200 purified proteins/week



Mono-specific antibodies (msAb)

Tag-specific depletion 
(His6ABP-column)

Affinity capture 
(PrEST-specific column)

Tag-specific antibodies 
(discard)

mono-specific 
antibodies (collect)

Non-specific antibodies 
(discard)

Polyclonal 
antisera 

150 new antibodies every week
The arrow shows the expected size (based on gene sequence prediction)The arrow shows the expected size (based on gene sequence prediction)

Western blotsWestern blots

”Tissue Westerns” gives:
Estimation of cross-reactivity
Semi-quantitative expression profile
Size variants (splice variants etc)

Protein arrays for quality assurance of antibodies

PrEST-specific 
antibodies 

Protein arrays

Tag-specific 
antibodies 

384PrESTs/msAb, 14 msAbs/slide
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antibodies generated against the same antigen in two different animals 

Protein microarrays for validation of HPR antibodies
1440 proteins spotted in triplicate



TMA sectioningTMA construction

TMA designAnnotationCollection of tissues

Tissue MicroarraysTissue Microarrays

Analysis

Normal tissue profiling  

Kampf et. al. Clin. Proteomics 1 285-299
Antibody-based tissue profiling as a tool in clinical proteomics (2004)

48 different tissue types
(triplicate samples)

Surgical specimens
Normal Morphology

20 cancer types

Cancer profiling  

432 samples from 216 patients



48 Normal tissues 20 Cancer tissues 12 Cells and 46 Cell lines

Surgical 
specimens

Normal
morphology

Clinical 
blood cells

432 samples in duplicate from 216 patients

708 TMA cores/images
for each antibody

> 200 Gb/day

How to annotate all the generated immunohistochemical images?

All images are looked at by an experienced
pathologist (576 images/antibody).

Annotation of pattern, distribution, intensity,
localisation

Development of web-based annotation
software

Annotation – a major challenge

The Mumbai HPR team  
Dr. Sanjay Navani

10 pathologists
All images available through internet 
Web-based annotation system

Tissues

Automated annotation

Cells

Manual annotation

CurationCuration

>10,000 images annotated per day
Six software engineers to support the work flow



HPRK1410014
Mannose-6-phosphate receptor-binding protein 1
Deliver lysosomal hydrolase from the Golgi to endosomes 

Subcellular localization

3 cell lines

Four independent fluorescent dyes

Semi-quantitative assay 

HPR antibody
Nucleus (DAPI)
Micro-tubules
ER

Confocal microscopy with multiple dyes

Barbe et al (2008) “Towards a 
confocal subcellular atlas of the 
human proteome” Mol Cell 
Proteomics, in press

Subcellular structures

Cytoplasm

Microtubules

Nucleus

Mitochondria

Vesicles

ER

Golgi

Microfilaments Extracellular 
matrix

Stress 70 protein - “mortalin” (HPA000898) 

Heart muscle

U-251

Protein array - specific

Mitochondria (supported by literature)
82-
49-

Mw according to gene 
prediction: 74K



MTHFD1 (HPA000704) 

U-2 OSLiver

Two splice forms (25K and 29K)
Protein array - specific

Cytoplasmic (supported by literature)

Emerin  (HPA000609)

U-251MGOral mucosa

32-

25-

49-

Protein array - specific

Nuclear membrane (supported by literature)

Mw according to gene 
prediction: 25K and 29K

G patch domain and KOW motifs protein (HPA000287) 

U-251MG

Small intestine

32-

85-

49-

Two splice forms (both 52K)
Protein array - specific

Nuclear (no literature available) Validation score:
High Two independent antibodies with same staining patterns 
Medium Consistent with bioinfomatics and litterature (if available)
Low At least some evidence that supports the staining patterns
Very low No evidence that the antibody is correct  
Failed The antibody is (most likely) not correct

Antibody quality assessment

Protein array Western blot IHC Immunofluorescence Literature 



Breast cancer 
Estrogen receptor

Basal cell cancer
Keratin 17

Normal liver
Keratin 17

Commercial
antibody

PrEST 1
antibody

PrEST 2
antibody

Validation of 
antibodies

HPR status (June 13, 2008)HPR status (June 13, 2008)

≈ 18.300 genes initiated (~60% of all human genes)
≈ 36.800 PrESTs designed
≈ 24.400 PrEST clones delivered (sequence verified)
≈ 18.500 (13.100 unique) antigens sent for immunizations
≈ 10.600 array verified antibodies
≈ 9.700 antibodies analyzed on western blot
≈ 7.000 annotated and curated antibodies (4.600 HPR ab)
Internal atlas content: 7.065 antibodies (5604 genes)

4,069,440 images

~10 new validated antibodies every day

Molecular Biology
Primer dilution
RT-PCR
Restriction
Ligation & Transformation
Patching
Sequencing
BLAST
Single cell streak
Delivery

Protein Factory
Cultivation
Sequencing
Purification
BCA analysis
Bioanalyzer
MS analysis
Antigen design
Column coupling
Solubility analysis
Evaluation

Immunotechnology
Antigen sendoff
Farm managment (Immunization)
Antiserum arrival
Depletion
Affinity purification
Dotblot
PrEST array
Tissue Western
Tube management
Antibody sendoff

Immunohistochemistry
Tube managment
Antibody Approval
Test of antibodies
Commercial antibodies
Final staining protocol
Staining

Uppsala University

KTH

HPR-LIMS Software Modules – version 13
HPR-LIMS
Public Web

KTH-PDC

Image Storage

PrEST Design
Gene submissions
Submission Statistics
Gene filtering
Gene priority committee
PrEST-Design (PRESTIGE)
Primer Order

Scanning
Slide scanning
Spot Image separation
Image quality assurance

Annotation
Antibody booking
Antibody annotation
Annotation curation

Destiny
Antibody destiny

Internal Atlas

Protein Atlas
http://www.proteinatlas.org
All approved antibodies

Annually

Daily

TIFF

JPEG

Collaborator Atlas

Daily

TMAx
Cell Image AnalysisOverlays

Biobank
Patient managment
Tissue management

TMA-Blocks & Slides
TMA-template management
Tissue selection
Cell-line selection
TMA-Slide managment

Cell-lines
Management of Cell-lines
Creation of Cell-line gels

Immunofluorescence
Selection of antibodies
Dilution
Plate preparation / Staining
Scanning
Annotation
Annotation review

Demand



Erik Björling 2006-08-24

Image Systems v5

Image server

KTH PDC

HP MSA30 14x300GB
Stripe Storage

2. Image Separation & processing

Annotation Server

4. JPEG Images

HPR-LIMS
Databases

4. Image Information

Scanscope BScanscope A

TMA-LAB Stations 
3. Manual Separation 6. Move the

TIFF Images to 
Long-time storage

1. Scanned Slides

5. Cell-Image
Annotation values

7. Tissue-Image
Annotation values

HPR Public Database

8. Data load

8. Batches of JPEG Images
Uppsala KTH

HP MSA30 14x300GB
Spot Images

TMAx Analysis server

• 15 Servers handling all the data
– KTH-PDC

• 2 load balancers
• 3 web/database
• 1 image server

– KTH-Albanova
• 1 image backup server

– UU-Rudbeck
• HPR-LIMS
• Annotation/HPR-external
• Image server
• TMAx-server
• HPR-DEV1
• HPR-DEV2
• HPR-Demo
• Oldannotations

• In total 21 Terabytes (!!!) of harddisc 
space on 70 harddrives

www.proteinatlas.org

1st release Aug 29 2005 HUPO Munich (      718 antibodies)
2nd release Oct 30 2006 HUPO Long Beach (    1514 antibodies)
3rd release Oct 08 2007 HUPO Seoul (    3015 antibodies)
4th release Aug 18 2008 HUPO Amsterdam (  ~6000 antibodies)
5th release Sep 28 2009 HUPO Toronto (  ~9000 antibodies??)
6th release Sep 21 2010 HUPO Sydney (~12000 antibodies??)
7th release Aug 27 2011 HUPO Geneva (~15000 antibodies??)

The Atlas Portal List of proteins Tissue profile summary

Gene 
summary 

67 
normal 
cell types

20 cancer 
types

47 cell 
lines

12 primary
cells

Confocal 
images 

Gene

Protein

Antigen

Protein 
array

Antibody

Western 
blot

Gene, protein and 
validation data 

Kidney

Colon cancer

HepG2

U-2 OS



Normal tissues - p53 Cancer view



Version 4.0 - will be launch August 18, 2008

6,000 antibodies corresponding to 5,200 genes
>5 million images (majority manually annotated)
Double the content from previous version (25% of all genes)

Protein classes

Allow searches on protein classes
Also project related protein classes

All genes included 

Tissue 
profile Gene

protein 
information 

kinases



Protein data visualization

Shown for all (20,488) genes (PRESTIGE software)

Protein summary 

Homology (10 window size)

Splice variants
Low complexy regions

Homology (50 window size)

InterPro regions

Protein (amino acids)

Advanced queries

Kinases
Chromosome 14
Expressed in skin

HPA antibodies are available to the public Public interest/User statistics

2007:
Approximately 13,000 visits/month
Visitors from 174 ”countries”
> 2,2 x 106 visited pages
>1,7 Tbytes of data downloaded

Countries Pages Hits Bandwidth

56764 890.11 MB
Ukraine 4104 6502 178.07 MB
Ireland 6258

80987 1.37 GB
Taiwan 6480 79302 967.24 MB
Austria 7429

51459 745.57 MB
India 8111 93958 1.16 GB
Brazil 8369

92347 1.78 GB
Belgium 8471 89621 1.49 GB
Switzerland 10168

132129 2.11 GB
Norway 10295 89272 1.98 GB
Finland 11204

140637 1.09 GB
Italy 11861 103517 1.52 GB
Unknown 12274

140282 1.91 GB
Australia 12489 107181 1.60 GB
Spain 12847

184763 2.85 GB
China 19057 201179 2.59 GB
France 19694

139058 2.10 GB
South Korea 19996 292802 1.83 GB
Denmark 25086

291003 13.40 GB
Netherlands 28846 311513 4.53 GB
Japan 33884

556328 9.07 GB
Canada 36949 278617 2.92 GB
Great Britain 57920

711065 15.73 GB
Sweden 135332 1120823 18.35 GB
Germany 280384

1425838 5862080 1630.19 GBUnited States

Top 25 countries during 2007



Satellite access host
Peru
Nepal
Colombia
Puerto Rico
Jordan
Kuwait
Lithuania
Croatia
Luxembourg
Saudi Arabia
United Arab Emirates
Indonesia
Chile
Slovenia
Slovak Republic
Egypt
Pakistan
Iceland
Iran
Thailand
Philippines
Malaysia
Hungary
South Africa
Bulgaria
Argentina
Hong Kong
Estonia
Mexico
Czech Republic
Russian Federation
Greece
Poland
Romania
Israel
Turkey
Portugal
New Zealand
Singapore

Oman
Iraq
Barbados
Tunisia
Mozambique
Brunei Darussalam
Namibia
Libya
Uruguay
Belarus
Kenya
Netherlands Antilles
Ecuador
Maldives
Malta
Lebanon
Yemen
Sudan
Bahrain
Jamaica
Qatar
Palestinian Territories
Trinidad and Tobago
Algeria
European country
Bangladesh
Bosnia-Herzegovina
Macedonia
Senegal
Syria
Nigeria
Sri Lanka
Costa Rica
Cuba
Cyprus
Latvia
Cambodia
Morocco
Venezuela
Vietnam

Suriname
New Caledonia (French)
Myanmar
San Marino
Benin
Ivory Coast (Cote D'Ivoire)
Saint Vincent & Grenadines
Mongolia
Bhutan
Laos
Monaco
Gambia
Kazakhstan
Bolivia
Uganda
Aruba
Belize
Macau
Ethiopia
Virgin Islands (USA)
Fiji
El Salvador
Tanzania
Antigua and Barbuda
Grenada
Moldova
Zambia
Honduras
Albania
Panama
Georgia
Nicaragua
Malawi
Ghana
Mauritius
Bahamas
Faroe Islands
Dominican Republic
Guatemala
Guam (USA)

Tadjikistan
Somalia
Guyana
Northern Mariana Islands
Armenia
Kyrgyzstan
Papua New Guinea
Burkina Faso
Rwanda
Zimbabwe
Cape Verde
Uzbekistan
Bermuda
Azerbaidjan
Madagascar
Polynesia (French)
Micronesia
Saint Kitts & Nevis Anguilla
Liechtenstein
Paraguay
Virgin Islands (British)
Reunion (French)
Cayman Islands
Dominica
Andorra
Saint Lucia
Botswana
Cameroon

26-65 66-105 106-145 146-174 In silico biomarker discovery

ACPP

HPA350021

PSA

HPA260028

HPA680087

HPA880064

HPA290101

HPA380031

HPA620019

Prostate cancer 

In silico biomarker discovery



Biomarker discovery – prognostics

NormalNormal Colon cancerColon cancer

Validation - Colon cancer Validation - Colon cancer 
Median age 75 years (32-88)Median age 75 years (32-88)

Months from 
diagnosis

Months from 
diagnosis
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ll 
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ll 
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rv
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al

SurvivalSurvival

p= 0.02p= 0.02

NF > 25%NF > 25%

NF < 25%NF < 25%

> 500.000 images
1025 antibodies

visualisation of all protein expressions and localisations

1. Lymphoid

2. Brain

3. Squamous

4. GI-tract

Protein composition typical of CNS and hematopoietic cells



Clustering of cell types and origin from embryonal germ cell layers

Dendrogram
Cells from
normal and 
cancer tissues

Dendrogram
Cells from
normal and 
cancer tissues

Cell typesCell types

black = normal cellsblack = normal cells

red = cancer cellsred = cancer cells

Comparative RNA and protein expression analysis



antibody microarrays reverse phase serum microarrays

Protein microarrays for serum anaylysis

•many samples
•few analytes
•simple detection
•medium sensitivity

•many analytes
•few samples
•complex detection
•high sensitivity

suspension bead 
arrays

• 2000 serum samples 
• Spotted in triplicate
• 2 nl of serum per spot

Analysis of IgA levels in 2000 patients

IgA conc Array

Janzi et al, 2005
Mol Cell Proteomics

Inherent challenging sensitivity issue for reverse phase arrays

0.4 nl of plasma/serum

50 kDa protein 
1 pg/ml (20 fM) 

8 protein molecules
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10 kDa 50 kDa 100 kDa 150 kDa

  10 kDa:   100 aM          100 fM            100 pM           100 nM           100 µM       
  50 kDa:     20 aM            20 fM               20 pM             20 nM              20 µM 
100 kDa:     10 aM            10 fM              10 pM             10 nM               10 µM  
150 kDa:       7 aM              7 fM                7 pM                7 nM                 7 µM 

0,1
0,01

0,001

Serum array

Suspension Bead Array Technology



Jochen Schwenk

Bead-based suspension arrays (Luminex) – ratios vs reference pool

Data for 222 twin serum samples and 76 antibodies

Mathias UhlénMathias UhlénErik BjörlingErik BjörlingFredrik PonténFredrik Pontén

Uppsala
Kenneth Wester
Anna Asplund

Uppsala
Kenneth Wester
Anna Asplund

Stockholm
Henrik Wernerus
Lisa Berglund
Anja Persson
Jenny Ottosson
Peter Nilsson
Cristina Al-Khalili Szigyarto
Emma Lundberg

Stockholm
Henrik Wernerus
Lisa Berglund
Anja Persson
Jenny Ottosson
Peter Nilsson
Cristina Al-Khalili Szigyarto
Emma Lundberg

Sophia HoberSophia Hober

The entire HPR crew
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