
CHaPter 9

satB2 in ComBination WitH 
Cytokeratin 20 identifies 
oVer 95% of all ColoreCtal 
CarCinomas

the american Journal of surgical Pathology 2011, Jul;35(7):937-48.

kristina magnusson, meike de Wit, donal J. Brennan, louis B. Johnson, 
sharon f. mcGee, emma lundberg, kirsha naicker, rut klinger, Caroline 
kampf, anna asplund, kenneth Wester, marcus Gry, anders Bjartell,  
William m. Gallagher, elton rexhepaj, sami kilpinen, olli-Pekka kallioniemi, 
eric Belt, Jeroen Goos, Gerrit meijer, Helgi Birgisson, Bengt Glimelius,  
Carl a. k. Borrebaeck, sanjay navani, mathias Uhlén, darran P. o’Connor, 
karin Jirström and fredrik Pontén.



174 Chapter 9

 aBstraCt
the special at-rich sequence-binding protein 2 (satB2), a nuclear matrix-as-
sociated transcription factor and epigenetic regulator, was identified as a tissue 
type-specific protein when screening protein expression patterns in human 
normal and cancer tissues using an antibody-based proteomics approach. in 
this respect, the satB2 protein shows a selective pattern of expression and, 
within cells of epithelial lineages, satB2 expression is restricted to glandular 
cells lining the lower gastrointestinal tract. the expression of satB2 protein is 
primarily preserved in cancer cells of colorectal origin, indicating that satB2 
could function as a clinically useful diagnostic marker to distinguish colorectal 
cancer (CrC) from other types of cancer. 
 the aim of this study was to further explore and validate the specific 
expression pattern of satB2 as a clinical biomarker and to compare satB2 
with the well-known cytokeratin 20 (Ck20). immunohistochemistry was  
used to analyze the extent of satB2 expression in tissue microarrays with 
tumors from 9 independent cohorts of patients with primary and metastatic 
CrCs (n=1882). 
 our results show that satB2 is a sensitive and highly specific marker for 
CrC with distinct positivity in 85% of all CrCs, and that satB2 and/or Ck20 
was positive in 97% of CrCs. in conclusion, the specific expression of satB2 
in a large majority of CrCs suggests that satB2 can be used as an important 
complementary tool for the differential diagnosis of carcinoma of unknown 
primary origin.
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 introdUCtion
microscopic evaluation of representative tissue sections taken from a tumor 
remains the golden standard for determining a cancer diagnosis and, in the 
majority of cases, this is sufficient for establishment of the relevant tumor 
type. although immunohistochemistry (iHC) provides an invaluable tool to 
determine the origin of metastases, the successful use of iHC is dependent 
on the availability of antibodies toward cell and tissue type specific markers. 
established markers to determine certain cell lineages are available for clinical 
differential diagnosis, for example keratins (epithelial cells), vimentin (mesen-
chymal cells), and Cd45 (lymphoid cells), whereas cell type-specific markers, 
for example Psa (prostate), tyrosinase (melanocytes), and thyroglobulin 
(thyroid), are rare and are not available for the majority of specific epithelial 
cell types, including glandular cells in the colorectal mucosa. 
 Colorectal cancer (CrC) is one of the most common forms of human 
cancer, with approximately 1 million new cases detected worldwide every year1. 
the 5-year survival rates and the treatment possibilities are highly dependent 
on the stage in which the disease is detected2. in a substantial proportion of 
patients with a newly diagnosed malignancy, the first presentation is from 
distant metastases, for example in the liver or lungs, without any clinical 
signs from the primary tumor. in these patients, a biopsy is frequently taken 
to confirm the malignant diagnosis and to direct further clinical examinations. 
an estimated 3% to 5% of all patients with cancer present with a metastatic 
carcinoma of unknown primary origin at first appearance3. approximately, 
50% to 60% of these cancers are adenocarcinomas, and autopsy studies 
have identified the primary site to be of colonic origin in 11% of cases. despite 
an increasing use of iHC, the primary site cannot be identified in more than 
80% of cases4. Clinically, the management of these patients is problematic, as  
the selection of appropriate systemic chemotherapy or targeted agents 
depends on the specific cancer type. in addition, failure to rapidly identify the 
site of origin of a tumor can be a psychological burden for both the patient and 
the physician5. 
 Cytokeratin 20 (Ck20), an intermediate filament protein abundantly 
expressed in glandular cells of the gastrointestinal (Gi) tract, is routinely 
used in differential diagnostics as a marker for CrC. although being a highly 
sensitive marker, one disadvantage is that Ck20 is also expressed in several 
other types of adenocarcinomas6. the specificity for CrC can be increased 
when Ck20 is used in combination with cytokeratin 7 (Ck7) to differentiate 
between colorectal, ovarian, and gastric carcinomas. this is because Ck20 is 
highly expressed in colorectal and gastric carcinomas and scarcely expressed 
in ovarian carcinomas, whereas Ck7 is rarely expressed in CrCs but commonly 
found in ovarian, gastric, pancreatic and biliary carcinomas7. in addition, 
caudal-type homeobox 2 (Cdx2) has been proposed as a CrC diagnostic 
marker and cadherin-17 (CdH17), a cell-cell adhesion molecule, has been 
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shown to be abundantly expressed in CrCs. although both of these proteins 
are expressed in a large majority of CrCs, Cdx2 is also expressed in gastric 
carcinomas and ovarian mucinous tumors8 and CdH17 has been shown to be 
expressed in gastric, pancreatic, and biliary adenocarcinomas9. furthermore, 
carcinoembryonic antigen (Cea) is a sensitive marker for CrC that is used 
for early detection of recurrent disease in follow-up of patients with stage ii 
and iii CrCs and for monitoring response of palliative treatment in stage iV 
disease10. owing to the low specificity of Cea, its use as assessed by iHC to 
distinguish CrCs from other cancer types, such as lung adenocarcinomas and 
ductal breast carcinomas, is of limited value11,12.
 taken together, there is an unmet need for new cell type-specific markers 
for differential diagnostics. in addition, there is a demand for prognostic and 
treatment predictive markers for improved treatment stratification of patients 
with cancer. antibody-based proteomics provides a systematic approach to 
generate and utilize specific antibodies to explore protein expression patterns 
in tissues and cells on a global scale13,14. Protein profiles can be obtained from 
a multitude of tissues through iHC staining of tissue microarrays (tmas)15 
and an effort to generate a comprehensive atlas of human protein expression 
patterns has been initiated through the Human Protein atlas program (www.
proteinatlas.org)16,17. the current version of this freely available atlas contains 
data and underlying images from protein profiling of more than 13,000 anti-
bodies, corresponding to more than 10,000 unique human proteins,18. all anti-
bodies have been used for iHC on tmas containing normal human tissues, 
cancer tissues, and cell lines,19,20 including normal mucosa from the colon and 
rectum, and CrCs from 12 different patients. 
 in this study, we have analyzed the expression of satB2 and Ck20 in 
primary and metastatic CrCs from nearly 1900 patients. our results suggest 
that iHC can be used for the detection of satB2, to allow for a sensitive and 
highly specific method in clinical differential diagnostics to establish or reject a 
diagnosis of CrC.

 exPerimental ProCedUres
 Patient Cohorts
for basic protein profiling, formalin-fixed and paraffin-embedded archival 
specimens were collected from 144 individuals to represent histologically 
normal tissues and from 216 cases of cancer to represent the 20 most common 
forms of human cancer, including 11 cases of CrC available for satB2 immuno 
staining20. for CrC-specific tmas, representative tissue samples from 9 inde-
pendent CrC cohorts were used in this study. Patient and clinicopathologic 
data for all CrC cohorts are summarized in supplementary table 1, supple-
mental digital Content 1. in brief, the female/male ratio was essentially 50 to 50 
in all cohorts. Cohort 1 was designed to obtain an equal mix of stage i, ii and iii/
iV tumors. the cohort consisted of 118 patients with CrC diagnosed between 
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1999 and 2002, and the tma included matched normal tissue, adenomas, 
and lymph node metastases for several patients. Cohort 2 consisted of 320 
consecutive prospectively collected patients undergoing elective surgery for 
CrC between 2000 and 200321,22. this cohort also included matched normal 
tissue, adenomas, and lymph node metastases from several patients. Cohort 
3 included 60 patients with CrC and was designed to obtain an equal mix of 
stages i, ii, and stage iii/iV tumors as well. normal tissue, adenomas, lymph 
node metastases, and distant metastases from a subset of patients were 
included in the cohort. Cohort 4 consisted of 375 patients with rectal cancer 
who underwent surgery at the malmö University hospital during 1993-200423. 
Cohort 5 included a consecutive series of 305 patients with cancer in the 
sigmoid colon. Cohort 6 consisted of tumor tissues from distant CrC metas-
tases from 125 patients with stage iV disease, subjected to surgical resection of 
metastasis. matched primary colorectal tumors were also included in the tma 
for 36 patients. Cohort 7 included samples from 82 patients with adenoma 
and 82 patients diagnosed with stage i-iV CrCs. Cohort 8 consisted of 386 
patients of whom 226 (58.5%) patients were diagnosed with stage ii CrC and 
160 (41.5%) patients with stage iii CrC. Cohort 9 consisted of 29 patients 
presenting with liver metastasis from a colorectal origin with matched normal 
tissue. in addition to the CrC cohorts, tmas with 179 consecutive cases of 
breast cancer, 122 prostate cancers, 89 lung adenocarcinomas, 25 pancreatic 
cancers, 25 gastric cancers, 11 sinonasal cancers, 15 cholangiocellular cancers, 
and 154 ovarian tumors with a subset of matched normal and metastatic tissue, 
each representing a mixture of different relevant histologic types, stages, and 
grades were used as reference cohorts for extended analysis of satB2 spec-
ificity. ethics permission for this study regarding cohort 1 to 6, and also for 
additional non-CrC cohorts, was obtained from the local ethics committees 
at the lund and Uppsala Universities. archival material for CrC cohorts 7, 8, 
and 9 was used in compliance with the institution’s ethics regulations at the 
department of Pathology, VU University medical Center, amsterdam, the 
netherlands.

 TMAs
tmas containing triplicate 1-mm cores of 48 different types of normal tissue, 
duplicate 1-mm cores of 216 different cancer tissues, and a cell microarray 
including 47 different cell lines and 12 patient cell samples were generated 
as previously described19,20. for the 9 independent CrC cohorts, and also for  
the additional extended non-CrC cohorts, that were used in this study, tmas 
were constructed by sampling 2×1-mm cores from areas representative of 
invasive cancer for each included cancer type. in addition, duplicate 1-mm 
cores were sampled from normal tissue, adenomas, lymph node metastases, 
and distant metastases for inclusion in the tmas according to the design  
of respective tma. 
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 Antibody generation and IHC 
the satB2 antibody (HPa001042) was generated using the human genome 
sequence (ensembl) as a template to select a coding sequence corresponding 
to 123 amino acids, based on the selection of a region with low similarity to 
other human genes [denoted protein epitope signature tag (Prest)] to 
enhance the probability of generating unique specific antibodies24. recombi-
nant satB2 Prest protein fragments were used as antigen and affinity ligands 
for purification of polyclonal serum to generate unique, oligoclonal monospe-
cific antibodies25. automated iHC (autostainer, dakoCytomation, Glostrup, 
denmark) was performed essentially as previously described26 using the mono-
specific antibody Pa001042 and the mouse monoclonal antibody CaB025742 
(atlas antibodies aB, stockholm, sweden) as primary antibodies for detec-
tion of the satB2 protein. two additional satB2 antibodies (sC-81376; 
santa Cruz Biotechnology, Ca and aB34735, abcam plc, Cambridge, United 
kingdom) were also tested and showed essentially identical iHC results such 
as HPa001042 and CaB025742 across several tmas (data not shown). the 
following primary antibodies were used for iHC to determine the expression 
of Ck20 (m7019; dakoCytomation, Glostrup, denmark), Cdx2 (nCl-Cdx2; 
leica Biosystems newcastle ltd, newcastle Upon tyne, United kingdom), and 
CdH17 (HPa023616; atlas antibodies aB, stockholm, sweden).

 Image acquisition, annotation and automated analysis
the aperio scanscope xt slide scanner system (aperio technologies, Vista, 
Ca) (aperio technologies, Vista, Ca) was used to capture digital whole-slide 
images with a x20 objective. the slides were dearrayed to obtain individual 
cores. the outcome of iHC stainings in the screening phase, which included 
various normal and cancer tissues, was manually evaluated and scored by 
certified pathologists using a web-based annotation system as previously 
described27. in brief, the manual score of satB2 expression was determined 
as the fraction of positive tumor cell nuclei: 0=0–1%, 1=2–25%, 2=26–75% 
and 3= >75%, and nuclear intensity: 0=negative, 1=weak, 2=moderate, and 
3=strong staining. the 9 extended CrC cohorts, and also the breast, pros-
tate, and ovarian cancer cohorts, were annotated manually using the aperio 
imagescope Viewer v.10.2.1.2314 (aperio technologies Vista, Ca). the manual 
score of the nuclear satB2 expression was annotated as above, whereas the 
manual score relating to cytoplasmic Ck20 expression, membranous CdH17 
expression, and nuclear Cdx2 expression were annotated as 0=negative and 
1=positive. in addition to the manual pathologist-based scoring, an image anal-
ysis based system incorporating a commercially available algorithm for auto-
mated annotation of iHC nuclear staining patterns (aperio technologies, Vista, 
Ca) was used to quantify nuclear satB2 expression for the CrC cohorts 1 
and 2. the output of the automated algorithm is the ratio of CrC cell nuclei 
expressing satB2 as well as the average iHC staining intensity of satB2 value 
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for each tissue core. additionally an autoscore was calculated by multiplying 
the ratio of iHC positive nuclei by the iHC staining intensity for each core. in 
order to bring all automated data in similar orders of magnitude, autoscore 
values were log-transformed.

 Validation of SATB2 target and antibodies 
the HPa001042 antibody was subjected to standardized tests for perfor-
mance in the Western blot (WB) using protein extracts from rt4, efo-21, and 
a431 cell lines, and lysates from human liver and tonsil tissues, and for perfor-
mance in immunofluoresence using the human cell lines a-431, U2-os, and 
U251-mG. the HPa001042 antibody was also used for WB with cell lysates 
from the human primary CrC cell line sW480 (wild-type: Wt), a stable trans-
fected variant of sW480 with specific knockdown of satB2 transcripts, and 
a control transfected with a scrambled ribonucleic acid (rna), that is no 
knockdown of satB2. Protein extract from the sW620 Wt cell line, estab-
lished from a CrC lymph node metastasis originating from the same patient 
as the sW480 cell line, was also included in the WB28. immunofluoresence was 
also used to analyze the subcellular localization pattern of satB2 in the human 
colon cancer cell line Caco-2. the cells were grown on glass coverslips and 
were fixed and permeabilized using ice-cold 100% methanol for 10 minutes 
before immunofluorescent staining is performed as previously described29. 
in addition to the HPa001042 antibody, mouse monoclonal PCna (sC-56, 
santa Cruz Biotechnology, santa Cruz, Ca) and BrCa-1 (sC-6954, santa Cruz 
Biotechnology, Ca) antibodies were included. When indicated, the cells were 
subjected to extraction of the soluble fraction before fixation using a modified 
cold cytoskeletal buffer for 10 minutes at 4°C. 
 the expression pattern of underlying satB2 transcripts across a large 
number of human tissues was retrieved from the in silicotranscriptomics (ist) 
database (version 3) containing data from a meta-analysis of 10,533 samples 
analyzed using the affymetrix gene expression microarrays. ist includes data 
from 43 normal tissue types and 31 different tumor types. Construction, anno-
tation, and normalization of the ist database have been described elsewhere 
by kilpinen et al.30.

 Statistics
spearman r correlation was used to compare the relationship between satB2 
and the other investigated markers. all statistical tests were 2-sided, and p 
values <0.05% were considered to be significant. all statistics were conducted 
using iBm sPss statistics 19.0 (sPss inc., il).
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 resUlts
 Validation of SATB2 binding
the binding epitopes of the anti-satB2 antibody (HPa001042) have previ-
ously been mapped using bacterial surface display, showing that this affini-
ty-purified antibody is oligoclonal and binds to 4 dominating epitopes31. 
identical WB results were obtained using the HPa001042 antibody and an 
independent antibody generated from immunization of a different rabbit immu-
nized with the same satB2 Prest antigen. for both antibodies, a discrete 
signal indicative of a protein species of expected molecular weight (approxi-
mately 100kda) was observed (data not shown). the knockdown data confirm 
that this signal relates to satB2 specifically. WB using lysates from the sW480 
and sW620 cell lines also showed a discrete signal of similar size (approxi-
mately 100 kda), with lower intensity for sW620. lysates from sW480 Wt and 
sW480 nm4 (transfected with scrambled rnai hairpin vector) showed strong 
signals, whereas the sW480 transfected with anti-satB2 hairpin vectors a 
and B respectively displayed only very weak signals (supplementary figure 1, 
supplemental digital Content 2). 
 in Caco-2 cells, immunofluorescence and confocal microscopy demon-
strated that satB2 is a nuclear protein, with a punctate expression pattern 
observed throughout the nucleus except for the nucleoli (fig. 1). to further 
scrutinize the potential binding of satB2 to chromatin, all soluble proteins 
were extracted before fixation and immunostaining. this revealed that a signif-
icant proportion of the satB2 signal was lost after extraction. However, small 
areas with distinct staining remained visible, indicating that a fraction of satB2 
is bound to chromatin in discrete regions (fig. 1), possibly representing locali-
zation of satB2 to specific matrix attachment regions, as has been shown for 
satB132.

 SATB2 protein is expressed in a tissue-specific manner
iHC-based screening of satB2 expression in normal tissues included an anal-
ysis of 65 normal cell types, in which strong nuclear expression was found in 
essentially all glandular cells lining the lower Gi tract, including the appendix, 
colon, and rectum. strong nuclear expression was also found in a subset of 
neuronal cells from the cerebral cortex and hippocampus. a subset of lymphoid 
cells, cells in the seminiferous ducts of the testis, and cells lining the epididymis 
showed weak-to-moderate positivity. the remaining 56 analyzed normal cell 
types showed no satB2 expression (fig. 2a). screening of cancer tissues 
from 216 unique tumors representing 20 different types of cancer showed 
that satB2 was expressed in all analyzed CrCs (n=11), with strong staining 
of >75% of tumor cell nuclei in tumor tissue from 8 patients. only rare cases 
of other cancer types showed a weak or moderate satB2 positivity (fig. 2B). 
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 SATB2 mRNA expression in normal and tumor tissues
Having identified satB2 as a protein almost exclusively expressed in CrC, 
a bioinformatic metaanalysis of satB2 messenger rna (mrna) expression 
levels in 10,533 samples profiled using the affymetrix platform demonstrated 
that satB2 mrna expression was significantly higher in normal colorectal 
tissues, and also in CrCs, compared with the baseline levels across most 
tissues (supplementary figure 2, supplemental digital Content 3). 

 SATB2 protein expressed in CRC 
the 9 independent CrC cohorts contained 1979 different tumor tissues from 
1882 patients (1711 primary tumors and 268 metastases). owing to missing 
cores and nonrepresentative tumor material, 169 tumor samples were not 
eligible for analysis. altogether, 1558 primary CrCs and 252 metastatic 
CrCs, of which approximately one third were lymph node metastases and two 
thirds were distant metastases, were used to analyze the expression pattern 
of satB2 in CrC. immunohistochemical analysis showed a distinct nuclear 

figure 1: Confocal images of satB2 
expression in Caco-2 cells. the staining 
of satB2 and the control proteins PCna 
and BrCa-1 was evaluated before and 
after extraction of soluble proteins. the 
panel to the left shows untreated cells 

and those on the right shows extracted 
cells. a nuclear expression pattern of 
satB2 was evident in untreated cells. the 
extraction of soluble proteins showed that 
the majority of satB2 was removed in 
the soluble fraction, whereas small areas 

with a distinct speckled staining pat-
tern remained visible in the nucleus after 
extraction. Cellular dna was detected by 
daPi and is shown in blue. images before 
and after extraction were acquired using 
the same microscope settings.
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figure 2: expression pattern of satB2 
protein in normal and cancer tissues of 
diverse origin. a summary view visualiz-
ing the relative levels of satB2 protein 
expression in a multitude of normal human 
tissues (a) and cancer tissues from 216 
different patients representing 20 com-
mon types of human cancer (B). the color 
codes are based on intensity and fraction 

of immunoreactive cells for each tissue 
type. High expression levels (dark gray) 
were found in glandular cells from the 
appendix, colon, and rectum, and also in 
a subset of neurons from the frontal cere-
bral cortex and hippocampus. a moderate 
level of expression (light gray) was found 
in only few tissues, including a subset 
of cells in the testis and epididymis. the 

large majority of normal cell types did not 
express the satB2 protein (white). the 
majority of colorectal cancers showed 
high levels of expression of satB2. With 
the exception of 1 renal carcinoma and 
rare cases of other tumors showing 
low-to-moderate levels of satB2 expres-
sion, other tumor types were essentially 
negative.

expression with both a strong intensity and a high fraction of positive tumor 
cells in the majority of analyzed tumors (fig. 3). in total, 1336 of 1558 (85.8%) 
primary tumors and 205 of 252 (81.3%) metastases showed a distinct nuclear 
expression with both a strong intensity and a high fraction of positive tumor 
cells in the majority of analyzed tumors (fig. 3). in total, 1336 of 1558 (85.8%) 
primary tumors and 205 of 252 (81.3%) metastases showed positive satB2 
immunostaining. 
 satB2 was positive in 189 of 194 (97.4%) samples of normal colonic 
mucosa (fig. 4a) and in 87 of 88 (98.9%) cases of adenomas. in cohorts in 
which the surgical stage of the primary tumor was recorded, satB2 was posi-
tive in 110 of 119 (92.4%) stage i, 402 of 440 (91.4%) stage ii, and 431 of 515 
(83.7%) stage iii/iV tumors (fig. 5). Well-differentiated, and poorly differen-
tiated CrCs exhibited a distinct nuclear expression of satB2 (figs. 4B–d), 
with an apparently lesser amount of satB2 staining in the poorly differentiated 
tumors overall (data not shown). a lower fraction of satB2-expressing tumor 
cells was found in CrC metastases (fig. 5), but a majority of cases showed a 
moderate or high level of expression in both metastases from regional lymph 
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figure 3: levels of satB2 protein expres-
sion in analyzed CrC cohorts. Bar diagram 
showing the fraction of satB2-posi-
tive tumor cells (a) and the intensity of 
immunoreactivity (B) in 9 different CrC 
cohorts. in total, 85% of CrCs were pos-
itive for satB2 immunostaining, with the 
vast majority of tumors showing both a 
high fraction of positive tumor cells and 
a strong positive signal in immunohisto-
chemistry. overall, 80% of metastases 
from CrC expressed satB2, and the 
immunostaining was strong or moderate 
in almost all cases. although the fraction 
of satB2-expressing tumor cells in CrC 
metastases was noticeably lower com-
pared with primary CrC, approximately 
40% of satB2-positive metastases 
showed immunoreactivity in over 75% of 
tumor cells within a tumor.

nodes and metastasis at distant sites (figs. 4e, f). there was no clear differ-
ence in satB2 staining patterns in cases in which primary and metastatic 
tumor tissues from the same patient (n=155) were analyzed and compared. in 
total, 19 cases showed negative staining in the metastases despite positivity 
in the primary tumor and 4 cases showed positive staining in the metastases, 
although the primary tumor was negative for satB2. 
 to further evaluate the specificity of satB2, 8 other cancer cohorts 
containing tumor tissues from prostate (n=122), breast (n=179), ovarian 
(n=154), gastric (n=25), pancreatic (n=25), lung (n=89), cholangiocellular 
(n=15), and sinonasal carcinoma (n=11) were analyzed. all 95 analyzed pros-
tate cancers were negative for satB2, and only 6 of 147 (4.1%) breast cancers 
showed a weak positive satB2 staining. in the ovarian cancer cohort, all 
concomitantly sampled benign fallopian tubes (n=36) were negative and only 
5 of 153 (3.3%) cases of ovarian cancer and 1 of 34 (2.9%) cases of metastatic 
deposits displayed satB2-positive cells. the gastric and pancreatic cancers 
were all negative for satB2 and 3 of 53 (5.7%) of analyzed lung adenocar-
cinomas contained satB2-positive cells. among the cholangiocellular carci-
nomas, only 1 of 15 (6.7%) cases showed satB2 positivity and 5 of 9 (55.6%) 
cases of sinonasal carcinomas were positive for satB2. the expression of 
satB2 and Ck20 in these cohorts are summarized in supplementary table 2, 
supplemental digital Content 4. 
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 all 9 CrC cohorts were also used to compare satB2 and Ck20 expres-
sion levels. in total, Ck20 was positive in 1443 of 1586 (91.0%) primary CrCs 
and 236 of 259 (91.1%) metastatic CrCs (fig. 5). When combining satB2 and 
Ck20 staining, a total of 1543 of 1581 (97.6%) primary CrCs were positive for 
either satB2 or Ck20 or both antibodies. see table 1 for a detailed summary of 
satB2 and Ck20 staining in the different cohorts. 
 a subset of 2 of the 9 CrC cohorts, namely cohort 6 (mainly consisting of 
metastatic CrC) and cohort 3 (comprised of normal colon, adenoma, and an 
equal mix of CrC stage i, ii, and iii/iV), were also stained for Cdx2 and CdH17 
to compare the pattern of satB2 and Ck20 expression with other markers 
tested in clinical diagnostics. from the total of 245 cases stained for the 4 

figure 4: expression pattern of the satB2 
protein in normal colon, primary colorectal 
tumors, and metastases from colorectal 
origin. immunohistochemical staining of 
the satB2 protein showed strong and 
distinct nuclear staining in normal colon 
and CrC, regardless of differentiation 
grade and regional and distant metasta-
ses. essentially all glandular cells were 
positive in the mucosa from normal colon 
(a). Primary CrC showed strong immu-
noreactivity in a large fraction of tumor 
cells in examples of well differentiated 
CrC (B), moderately differentiated CrC 
(C), and poorly differentiated CrCs (d). 
the expression of satB2 was preserved in 
metastasizing CrC, both in regional lymph 
node metastasis (e) and in distant metas-
tasis of the liver (f).
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figure 5: satB2 and Ck20 positivity in 
normal colon, adenomas, primary CrC 
stage i, ii, and iii/iV, and metastatic CrCs. 
Bar diagram showing the percentage of 
positive cases from normal, adenoma-
tous, and cancerous tissues. nearly, all 
cases representing normal glandular cells 
in colon and adenomas were positive for 
satB2. a high fraction of CrCs were also 
positive for satB2, with a slightly lower 
fraction of the more advanced CrCs 
(stage iii/iV and metastasis) being satB2 
positive. Ck20 was positive in approxi-
mately 90% of tumors without any obvi-
ous difference between different stages 
of the primary tumor or if the tumor was 
from a metastasis.

different markers, only 3 cases were negative for all markers namely Cdx2, 
CdH17, and Ck20 (supplementary table 3, supplemental digital Content 5).
 to compare the outcome of manually annotated iHC with automated 
annotation, image analysis was used to quantify the satB2 expression in CrC 
for cohorts 1 and 2, and a quantitative satB2 autoscore was developed. the 
overall results showed a strong correlation, between manual and automated 
analyses (spearman ρ=0.75, p<0.001).

 disCUssion
in this study, we used an antibody-based proteomics strategy to search for 
proteins showing a selective protein expression pattern in human colorectal 
mucosa and in colorectal carcinoma. the transcription factor satB2 was iden-
tified as a protein with a highly specific nuclear expression pattern in both 
normal and malignant cells from the lower Gi tract, suggesting that satB2 
could function as a diagnostic cancer biomarker for CrC. subsequently, satB2 
protein expression was analyzed in a large panel of normal and cancerous 
tissues from 9 independent CrC patient cohorts. satB2 was expressed in 
essentially all normal glandular cells of the colorectal mucosa examined and in 
more than 85% of all primary CrCs and 81% of all CrC metastases. the highly 
selective expression in tumors of colorectal origin was further supported by 
the low fraction of satB2 expression in other tumor types. these data suggest 
that satB2 can be utilized as a novel diagnostic marker alone (diagnostic 
sensitivity of 85%) or in combination with the clinically established marker 
Ck206 with an enhanced diagnostic sensitivity up to 97%. 
 the tissue-specific expression pattern and distribution of satB2 in 
humans have not previously been described. satB2 is a member of the family 
of special at-rich binding proteins, which are novel transcription factors that 
form part of the nuclear matrix33-35. these proteins orchestrate gene expres-
sion in a tissue-specific manner by epigenetically regulating high-order chro-
matin structure through interaction with at-rich sequences, also referred to as 
matrix attachment regions36-39. this family of proteins has recently been shown 
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to play a role in the development of acute myeloid leukemia40 and in pre-B cells, 
satB2 has been described as a transcriptional activator of immunoglobulin-m 
expression41. additional studies have demonstrated cell-specific expression of 
satB2 in the cortex of the developing mouse brain, where it acts by altering 
chromatin structure in differentiating neurons41-44. furthermore, haploinsuffi-
ciency of the satB2 gene, located on chromosome 2q32-2q33, is associated 
with a cleft palate syndrome in humans38,45,46 and satB2–/– mice display similar 
craniofacial deformities, and also deficiencies in osteoblast differentiation and 
function41. the role of satB2 in normal glandular cells in the colorectal mucosa, 
and also a potential role in corresponding cancers, remains to be elucidated. 
 iHC remains advantageous and, in routine diagnostics, the preferred 
method to complement diagnostics based on microscopic evaluation of hema-
toxylin and eosin-stained slides, despite the expanding field of new molecular 
markers and methods that are based on the detection of specific mutations, 
gene amplifications, or transcriptional profiles. iHC is imperative for differential 
diagnostics of metastatic carcinoma without any known primary at diagnosis, 
and guides further clinical investigations. it may also help in the decision of 
treatment in patients with metastatic carcinoma of unknown primary origin. 
furthermore, iHC is important for tumor stratification, malignancy grading, 
and analysis of expressed proteins that yield treatment predictive informa-
tion. the benefit of being able to identify molecular events within the context 
of an intact underlying morphology present in the diagnostic material cannot 
be overemphasized. However, the usefulness and success of iHC are utterly 
dependent on the availability of validated antibodies directed against protein 
targets of clinical relevance. surprisingly, few proteins seem to be expressed 
in a cell type-specific manner. moreover, aside from antibodies used for deter-
mining various states of differentiation in the hematopoietic lineages, anti-
bodies recognizing proteins specifically expressed in morphologically defined 
subsets of epithelial cell compartments seem to be exceedingly rare47. the 
Human Protein atlas program represents an ongoing effort to generate and 
validate antibodies that can be used for iHC on formalin-fixed and paraf-
fin-embedded tissues and, as such, provides a starting point to find novel 
cell type-specific proteins. in addition to generating a map of protein expres-
sion patterns in a wide variety of human normal cells and tissues, the protein 
atlas portal also allows for opportunities to search for various types of cancer 
biomarkers using in silico-based methods27,48.
  the high specificity of satB2 for CrC and the distinct iHC staining 
pattern in a large fraction of tumor cells are important for a diagnostic marker 
to be functional in clinical routine (fig. 4). the similar level of sensitivity, but 
higher degree of specificity compared with Ck20, suggests that the use of 
both satB2 and Ck20 should be of value for determining a cancer of was 
found among the sinonasal carcinomas, similar to what has been described for 
Ck20 and Cdx2. However, it will be important to analyze satB2 expression in 



SATB2 and colorectal cancer 187

Table 1: Expression of SATB2 and CK20 Proteins in Primary Tumors and Metastasis From 9 independent CRC Cohorts

SATB2 positive SATB2 negative CK20 positive CK20 negative SATB2 and/or CK20 
positive

n (%) n (%) n (%) n (%) n (%)

           

Cohort I  

Stage I 31 (91.2) 3 (8.8) 29 (82.9) 6 (17.1) 35 (100.0)

Stage II 38 (90.5) 4 (9.5) 38 (90.5) 4 (9.5) 42 (100.0)

Stage III 24 (75.0) 8 (25.0) 28 (80.0) 7 (20.0) 31 (91.2)

Stage IV 6 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 6 (100.0)

All 99 (86.8) 15 (13.2) 101 (85.6) 17 (14.4) 114 (97.4)

   

Cohort II  

Stage I 41 (93.2) 3 (6.8) 40 (93.0) 3 (7.0) 43 (97.7)

Stage II 111 (85.4) 19 (14.6) 116 (89.2) 14 (10.8) 126 (95.5)

Stage III 80 (80.8) 19 (19.2) 93 (91.2) 9 (8.8) 99 (97.1)

Stage IV 30 (75.0) 10 (25.0) 35 (87.5) 5 (12.5) 37 (92.5)

N.D. 1 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0)

All 263 (83.8) 51 (16.3) 285 (90.2) 31 (9.8) 306 (95.9)

   

Cohort III  

Stage I 18 (90.0) 2 (10.0) 20 (100.0) 0 (0.0) 20 (100.0)

Stage II 17 (85.0) 3 (15.0) 17 (85.0) 3 (15.0) 18 (90.0)

Stage III/IV 14 (70.0) 6 (30.0) 18 (90.0) 2 (10.0) 18 (90.0)

All 49 (81.7) 11 (18.3) 55 (91.7) 5 (8.3) 56 (93.3)

   

Cohort IV  

Stage I  

Stage II  

Stage III  

Stage IV  

All 291 (89.8) 33 (10.2) 317 (91.6) 29 (8.4) 336 (97.4)

   

Cohort V  

Stage I-II 131 (82.4) 28 (17.6) 152 (92.1) 13 (7.9) 169 (98.3)

Stage III-IV 91 (77.1) 27 (22.9) 117 (95.1) 6 (4.9) 122 (98.4)

All 222 (80.1) 55 (19.9) 269 (93.4) 19 (6.6) 291 (98.3)

Cohort VI  

Stage I 4 (100.0) 0 (0.0) 3 (75.0) 1 (25.0) 4 (100.0)

Stage II 8 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 8 (100.0)

Stage III 19 (100.0) 0 (0.0) 19 (100.0) 0 (0.0) 19 (100.0)

Stage IV 4 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 4 (100.0)

All 35 (100.0) 0 (0.0) 34 (97.1) 1 (2.9) 35 (100.0)

   

Cohort VII  

Stage I 15 (93.7) 1 (6.3) 11 (73.3) 4 (26.7) 11 (100.0)

Stage II 23 (92.0) 2 (8.0) 15 (83.3) 3 (16.7) 18 (100.0)

Stage III 13 (92.9) 1 (7.1) 13 (92.9) 1 (7.1) 13 (100.0)

Stage IV 1 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0)

All 52 (92.9) 4 (7.1) 40 (83.3) 8 (16.7) 43 (100.0)
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Table 1: (continued)

SATB2 positive SATB2 negative CK20 positive CK20 negative SATB2 and/or CK20 
positive

n (%) n (%) n (%) n (%) n (%)

Cohort VIII  

Stage II 193 (95.1) 10 (4.9) 184 (92.0) 16 (8.0) 194 (99.5)

Stage III 135 (92.5) 11 (7.5) 131 (89.1) 16 (10.9) 141 (98.6)

All 328 (94.0) 21 (6.0) 315 (90.8) 32 (9.2) 335 (99.1)

   

Cohort IX    

Stage I 1 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0)

Stage II 12 (100.0) 0 (0.0) 12 (100.0) 0 (0.0) 12 (100.0)

Stage III 7 (77.8) 2 (22.2) 8 (88.9) 1 (11.1) 8 (88.9)

Stage IV 7 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 6 (100.0)

All 27 (93.1) 2 (6.9) 27 (96.4) 1 (3.6) 27 (96.4)

   

Metastasis  

Cohort I: 4 (50.0) 4 (50.0) 17 (94.4) 1 (5.6) 17 (94.4)

Cohort II: 47 (68.1) 22 (31.9) 55 (84.6) 10 (15.4) 64 (94.1)

Cohort III: 14 (70.0) 6 (30.0) 15 (75.0) 5 (25.0) 18 (90.0)

Cohort VI: 118 (90.1) 13 (9.9) 125 (95.4) 6 (4.6) 128 (98.5) 

Cohort IX: 22 (91.7) 2 (8.3) 24 (96.0) 1 (4.0) 24 (100.0)

All 204 (81.3) 47 (18.7) 236 (91.1) 23 (8.9) 251 (96.5)

larger patient cohorts of both common and various rare forms of cancers, including 
intestinal-type sinonasal carcinoma, to further establish the sensitivity and speci-
ficity of satB2 as a marker for CrC. four cases diagnosed as CrC were negative 
for satB2, Ck20, Cdx2, and CdH17 (supplementary table 3, supplemental digital 
Content 5), and only 1 case was found to be positive for satB2 that was negative for 
the other 3 markers, rendering satB2 as only of incremental value for being a more 
sensitive marker for unusual cases of CrC. the primarily added value of satB2 relies 
on the high specificity compared with other markers. 
 over 80% of the analyzed CrC metastases were found to be positive for satB2, 
suggesting that most CrCs retain satB2 expression despite growing at distant 
metastatic sites. However, it is noteworthy that satB2 expression seems to be less 
extensive in poorly differentiated CrCs, and also in CrC metastasis, as these cases 
in general showed slightly lower levels of satB2 protein compared with well-differ-
entiated and moderately differentiated primary tumors. Perhaps downregulation of 
satB2 plays a role in the growth and spread of CrC. interestingly, there were four 
rare cases in which the primary tumor was negative whereas the metastasis showed 
positive satB2 staining. further studies are needed to explore and establish the asso-
ciation between satB2 expression and grade of malignancy, and features associated 
with tumor spread and metastasis as well. in a recent study by Wang et al49. satB2 
was suggested as an independent prognostic marker in CrC. the reported expression 
levels and fractions of positive normal mucosa cells and tumor cells were substan-
tially lower compared with our findings, possibly due to use of different protocols and 
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primary antibody and also due to differences related to the more limited patient 
cohort analyzed, in which 30% (44 of 146) had stage iV disease, compared with 
approximately 10% of patients with stage iV disease analyzed in this study. 
the apparent downregulation of the satB2 protein in a small subset of CrC is 
intriguing and important to further explore by an in depth analysis of potential 
associations between satB2 and the clinical course of CrC, with a particular 
emphasis on loss of satB2 expression in advanced disease stages.  
 in summary, we show that the detection of satB2 protein using iHC 
provides a clinically relevant diagnostic tool with high specificity and sensi-
tivity for establishing a diagnosis of CrC. furthermore, our results strongly 
suggest that the combination of satB2 and Ck20 iHC in routine practice is 
advantageous for differential diagnostics, as this combination has the power to 
identify more than 97% of all CrCs.
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supplementary figure 2: expression profile 
of satB2 mrna across 10,533 samples. 
the y-axis showing the relative expression 
level of satB2, while the x-axis showing 
samples, representing both normal tissues 
(n) and cancerous tissues (C). the data is 
presented as a box plot diagram and shows 
that high levels of transcipts for satB2 
were found mainly in normal colorectal tis-
sues as well as in CrC. Higher levels were 
also found in normal and neoplastic tis-
sues from the nervous system. the boxes 
refer to the quartile distribution (25-75%) 
range, with the median shown as a hori-
zontal line. in addition, the 95% range and 
individual outlier samples are shown.
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supplementary figure 1: Western blot 
analysis of satB2 expression. Gel image 
of Western blot performed with protein 
lysates from cell lines using HPa001042 
antibody against satB2 showed a single 
band corresponding to approximately 100 
kda. the bands were substantially weaker 
in lanes 3 and 6 which contain lysates 
from transfected cell lines with satB2 
knock-downs. lanes from left to right: 
size marker (1), primary CrC cell line 
sW480 transfected with scrambled rna 
(2), sW480 transfected with sig4 (3), 
metastatic CrC cell line sW620 wild type 
(4), non-transfected sW480 wild type (5) 
and sW480 transfected with sig1 (6).


