
Colorectal cancer (CRC) is the third most diagnosed cancer (ca. 10% in men and women), and 
the fourth most common cause of death due to cancer worldwide. The inherent complexity of the 
disease severely affects drug discovery leading to cancer therapies having the highest drug 
attrition rates among all other therapeutic areas. 

Appropriate preclinical in vivo models are of increasing importance and represent an essential 
tool in recent cancer research. PDX models represent a useful platform for identifying novel 
targets, to define new biomarkers and to evaluate therapy response. 

Furthermore, PDX models can also be used to elucidate resistance mechanisms to therapeutics 
at the molecular level. Therefore, this study was aimed at establishment and thorough 
characterization of PDX models derived from specimens of CRC.

Molecular and sensitivity analysis 

Methods
Stably passageable xenografts were established from fresh surgical material from CRC patients 
and characterized with regard to their sensitivity to three of the most used cytostatics (irinotecan, 
oxaliplatin and 5-FU) and two EGFR-inhibitors (erlotinib, cetuximab). 
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betacellulin) was examined in the PDX at mRNA and protein level using real time PCR and 
Sandwich-ELISA, respectively. Mutational screening of oncogenes was performed with Illumina 
TruSeq® Amplicon – Cancer Panel.

For the establishment of resistant PDX sublines, two cetuximab-sensitive PDX models were 
continuously treated with cetuximab for several passages. The tissue was further subjected to 
the same molecular analyses as the PDX set for comparison.

87 surgical tumor samples from CRC patients were subcutaneously transplanted into immunodeficient 
mice. 49 stably passageable PDX models were obtained, representing a take rate of 56%. For five 
patients, paired PDX models, derived from samples taken at different tumor sites (e.g. primary tumor 
and distant metastasis) or time points (primary tumor and recurrence), were established. The PDX 
models showed concordance with the original patient tissue (Fig. 1) and retained their histological and 
mutational profile though the passaging process (Table 1).

The mutational analyses revealed that every PDX model showed an individual mutational profile. The 
encountered mutations reflected the clinical occurence in CRC patients (Table 2). Moreover, the 
mutational profiles of PDX pairs obtained from the same patients were mainly identical (Table 3). Drug 
responsiveness of PDX was assessed towards classical and targeted therapies and reflected the 
heterogeneity regarding sensitivity (Fig. 2). 

Results
Establishment and stability of the models 

Introduction

Figure 3: a. The 49 PDX are grouped according to their optT/C-value for cetuximab. The bar below represents the RTV values. The colors of the bars were chosen according the 

mutational status of KRAS. b. Comparison of optT/C-values for EGFR-inhibitors between PDX with wildtype KRAS, BRAF and PIK3CA (triple wt) and PDX with an activating mutation 

in one of these genes (mut).
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Biomarker analysis

Our results show, that PDXs in early passages maintain the morphology and biology of the original patient tumor. They reflect the individual response rates as observed in the patients and can 
therefore be used as validated preclinical tool for translational research projects. The established 49 PDX models reflect the heterogeneity of CRC and mechanisms of resistance towards 
EGFR-inhibitors were well reflected in the PDX panel. Overall, these PDX models represent an appropriate tool for in vivo development and optimization of cancer therapies and for correlative 
analyses regarding biomarker expression and therapy response. 
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Co 10194 

original pa�Ÿent �Ÿssue sample 

Co 9978 Co 7809 Co 7475 

P4 P1 P4 P4 

Table 1:  Patient tumor and matched normal tissue, paired with tissue from different, 

sequential passages of the corresponding PDX models was sequenced using the 

TruSeq® Amplicon – Cancer Panel. 212 amplicons in 48 oncogenes were targeted. 

The mutational profile is maintained along the passages. 

Patient or 
PDX, passage

APC BRAF EGFR KRAS MET PIK3CA PTEN TP53

Co 9587,         
normal tissue

- - - - - - - -

Co 9587,

patient tumor

ins 1554;
 R876X

 ins 1554;
R876X

ins 1554;
R876X

ins 1554;
R876X

ins 1554;
R876X

Co 9775         
normal tissue

- - - - - - - -

Co 9775,

patient tumor

Co 9775, P0 - - - G12D - - - G245S
Co 9775, P1 - - - G12D - - - G245S
Co 9775, P3 - - - G12D - - - G245S
Co 9775, P4 - - - G12D - - - G245S

Co 10925       
normal tissue

- - - - - - - -

Co 10925,

patient tumor

Co 10925, P1 E1379X - - - - - - -
Co 10925, P2 E1379X - - - - - - -
Co 10925, P4 E1379X - - - - - - -

- -

del 104

del 104

del 104

del 104

del 104

E1379X - - - - -

-

- - - G12D - - - G245S

Co 9587, P4 - - G12D - -

-

Co 9587, P3 - - G12D - - -

Co 9587, P2 - - G12D - -

-

Co 9587, P1 - - G12D - - -

Co 9587, P0 - - G12D - -

Mutation detected

n.a. n.a. n.a. G12D n.a. n.a. n.a. n.a. 

Figure 1:  Staining of the original patient tissue paired to the corresponding PDX tissue. a. HE 

staining of original patient tissue; b. HE staining of PDX tissue; c. IF staining for human nuclei, 

DAPI=blue; human nuclei=orange (Cy3); d. IHC staining for EpCAM. Scale bar represents 100µm.
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The mutational status of pathway effectors downstream of EGFR reflected the correlations encountered 
in clinical studies: activating mutations in KRAS and BRAF were predictive for resistance towards EGFR 
inhibition. PDX with wildtype KRAS, BRAF and PIK3CA showed significantly higher sensitivity towards 
the two EGFR pathway inhibiting substances cetuximab and erlotinib, compared to PDX models carrying 
a mutation in one or more of these genes (Fig.3).
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Molecular characterization of the 49 PDX showed that the 
expression levels of the EGFR ligands correlated with each other, 
as well as to the expression levels of the four receptors of the 
EGFR family, corroborating the existence of an autocrine signaling 
loop between them. Furthermore, significant correlations were 
found between the expression of EGFR ligands and the sensitivity 
towards cetuximab (Table 4). In contrast, the expression did not 
correlate with the optT/C-values for erlotinib.
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Table 2:  The mutational profile of the PDX was analysed with the TruSeq® Amplicon – Cancer 

Panel. The ratio of PDX with a mutation in the respective genes was calculated and reflected 

the clinical occurence.

Table 3:  Comparison of the mutational profile of PDX pairs derived from tissue of the same 

patients. The same mutations were detected in the PDX pairs. No mutations were detected in the 

remaining genes analyzed with the TruSeq® Amplicon – Cancer Panel.

Figure 2:  Sensitivity screening of two PDX derived from CRC tissue of the same 

patient. Groups of 6 tumor-bearing mice were treated with cytostatics and targeted 

drugs. The sensitivity profile of the primary tumor and its metastasis were similar.
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c.

b.

d.

a. b.

a.

Two novel cetuximab resistant PDX models were generated in vivo. In these PDX an increase in the 
�H�[�S�U�H�V�V�L�R�Q���R�I���W�K�H���(�*�)�5���O�L�J�D�Q�G�V���%�7�&���D�Q�G���7�*�)�.�����F�R�P�S�D�U�H�G���W�R���W�K�H�L�U���V�H�Q�V�L�W�L�Y�H���F�R�X�Q�W�H�U�S�D�U�W�V�����Z�D�V���R�E�V�H�U�Y�H�G��
(Fig. 4a, b). An increase in HER2 and HER3 expression, coupled to a decrease in expression of EGFR, 
was found in one of the models (Fig. 4c, d). EGFR blockade induced a higher ligand expression as well as 
EGFR reprogramming.  This demonstrates that PDX models can be used to elucidate acquired resistance 
mechanisms to cetuximab in vivo and to develop strategies for overcoming resistance.

Figure 4:  The expression of the EGFR ligands and receptors was compaired between the original PDX and its cetuximab resistant sublines.

b. c. d.

r S p-val ue r S p-val ue

amphi regul i n 0.306 0.032 -0.437 0.002

epi regul i n 0.417 0.003 -0.347 0.015

TGF�. -0.295 0.040 0.418 0.003

mRNA expressi on protei n expressi on

Cetuxi mab

[opt T/C-val ue]

Table 4:  Correlation analysis between the expression of EGFR 

ligands and sensitivity of the PDX to cetuximab. The table 

summarized the Spearman coefficients (rS) and their respective 

p-values.

PDX APC BRAF KRAS TP53
Co 7271 Indel G12A R175H

Co 7660 Indel G12A R175H

Co 7553A

Co 7553B

Co 9689A Q1378X R248W

Co 9689B Q1378X R248W

Co 9997 Q1429X; del904 G12A

Co 10300 Q1429X; del904 G12A

Co 10302A E1521V V600E

Co 10302B V600E

Patient 1: lung metastases 
operated app. one year apart

Patient 2: lung metastases from 
same operation

Patient 3: liver metastases from 
same operation

Patient 4: primary tumor and 
metachronous liver metastasis

Patient 5: tumors from different 
segments of colon
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a. Co9997 (primary CRC)
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b. Co10300 (liver metastasis from Co9997))

Cetuximab-resistant sublines

GENE APC BRAF EGFR KRAS NRAS PIK3CA PTEN TP53

ratio of PDX with 
mutation  [%]

67.3 10.2 0.0 55.1 4.1 16.3 6.1 53.1

Responder: 3/18 PDX carry 
an activating KRAS mutation

Non-responder: 24/31 PDX 
carry an activating KRAS 
mutation
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