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Fluorescence lifetime imaging microscopy of chemotherapy-
indaced apoptosis resistance in a syngenic mouse tumor model
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During cancer therapy with DNA-damaging drug-agents, the development of secondary resistance to apoptosis.can. be e
_observed, In the search for no_ve'['_t_he'rap_éu_t'ic' approaches that can'be used in these fc'?_:_s_és_,_"wej'l"nbnitog_e_d' chemotherapy-.
induced apoptosis resistance in a syngenic mousse tumor model. For this, syn murine colorectal carcinoma cells, which
stably expressed a FRET-hased:caspase: 3 activity sensor, were introduced into animals to indiice peritoneal carcinomatosis or
disseminated hepatic metastases.. This syngenic system atlowed in vitro,’in vivo.and ex vivo. analysis of chemotherapy induced. -
apoptosis induction: by o"p'ti_ca[_ly:rﬁoﬁitbrir_tg'th_é'_fcas'pa:s'e_-? ser:is"{)r'_.s'ta_té'.'inft__he.- tumor _c_e_lls.'Tﬁrﬁqr:tiss.dg'aﬁalysis_of; B-FU
treated mice showed the selection of 5-FU-_E'nd_uc_e'd-'ap'dptqs'is*resi’stan't tumor cells, These and chemo-naive flugrescent tumor
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cells could be re-isolated from treated and untreated mice and propagated in celt cul_tu_ré. Re-exposure to 5-FU and second
line treatment modalities in-this ex-vive setting showed _tha__t'_ﬁ-FU in__cluc_ed apoptosis resistanc_e could be aileviated by

imatinib mesylate (Gleevec). We thus show thaf._syngénic_ _mouse systems that stably express.

a _FRET—base_d caspase-3 sensor

- can be employed to analyse the. therapeutic efficiency of apoptosis inducing chemotherapy. -~ -7

DNA-damaging compounds such as 5-fluorouracil {FU)
induce apoptosis by affecting DNA synthesis and repair
mechanisms.' The response to DNA damage is either repair
or cell death, and therefore results clinically in chemo-resis-
ance or tumor chemosensitivity.” The capacity of a cancer
cell to repair DNA essentially determines the resistance to
chemotherapeutic drugs that induce DNA damage.”® Several
signaling pathways have been shown to arrest the cell cycle
following DNA damage to allow time for DNA repair. When
repair remains incomplete, ie, in cases of excessive DNA
damage, cells will still undergo apoptosis or go into senes-
cence.* Chemoresistance may therefore be defined as failure
of tumor cells to undergo apoptosis in the presence of DNA-
damaging compounds. Tumors may be either intrinsically re-
sistant to chemotherapy prior to treatment or acquire resist-
ance during treatment after initial sensitivity.*

The possibility to investigate cancer experimentally in
rodent models has provided insights into substeps and mech-
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anisms of disease propagation and guided efforts towards
novel cancer therapies. We have previously established a syn-
genic murine model for colorectal cancer using EGFP as
marker protein to determine the tumor load within Balb/c
mice.” The murine C-26 cells used in this model have been
described to undergo apoptosis under chemotherapy which
implies that they are not primarily resistant to cytotoxic
treatment.® Similar syngenic tumor models have also been
developed for squamous cell lung cancer, protastatic cancer
and malignant melanoma.”® While these models allow evalu-
ation of early tumor development and chemotherapy treat-
ment efficiency by in vive detection of cells they do not
provide any information on the molecular mechanisms
affected by chemotherapy. To better understand the molecu-
lar background of tumor development such as chemotherapy
induced apoptosis resistance, it is necessary to observe key
molecudar- mechanisms which are involved in apoptosis
induction in vivo. This could allow the development of novel
therapies by facilitating direct monitoring of the influence of
chemotherapeutic drugs on molecular reactions that deter-
mine the fate of the cell.

Optical imaging of specific molecular targets and pathways
in living cells has recently become possible through contin-
ued developments in microscopic imaging technology, and
more importantly, the availability of genetically encoded fluo-
rescent biosensors.'™! These Auorescent reporters have revo-
tutionised [live-cell imaging of biochemical processes in a
variety of cells from diflerent organisms™ ' since these pro-
teins can dircctly be used to study protein reactions in living
cells by fluorescence resonance energy transfer (FRET).'®!¢
Accordingly, FRUT between tandems of fluorescent protein




