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Introduction:  We have reported the bicyclic peptide CPCFLLGCC (LLG) 
as a ligand for activated leukocyte integrins. Here, we present the use of 
radionuclide- or fluorophore-labeled LLG peptide in visualizing accumu-
lated active leukocytes in inflammation and infection. Results from three 
different animal species with three different leukocyte accumulating 
models show the ability of LLG to target imaging molecules to inflamed 
tissues with infiltration of activated leukocytes. The peptide CPCFLL-
GCC (LLG), known to bind  activated b2-integrins in vitro, was fused 
with green fluorescent protein (GFP) to test the ability of our construct 
to target and bind activated leukocytes in a skin lesion mouse model.

Methods: Proof of concept: Ex vivo targetingWe demonstrated 
the LLG peptide as a targeting molecule screening leukemia pa- pa-pa-
tient samples by the BRASIL bacteriophage biopanning method. 
In vivo targeting in infiltration model. The in vivo targeting of activated 
leukocytes with LLG was demonstrated with a leukocyte infiltration 
model. Injecting sterile-filtered thioglycolate broth (TG) into mouse peri-
toneal cavity induces sterile peritonitis Targeting to bacterial infection 
and inflammation LLG targeting to sites of inflammation was examined 
in New Zealand White rabbits by inducing an abscess with Escherichia 
coli (1 x 1011 CFU, colony-forming units) injected into the left thigh 
muscle In vivo targeting in infiltration model The in vivo targeting of 
activated leukocytes with LLG was demonstrated with a leukocyte 
infiltration model. Injecting sterile-filtered thioglycolate broth (TG) into 
mouse peritoneal cavity induces sterile peritonitis. Biodistribution of the 
iodinated LLG peptide and its conjugates. Balb/c mice received 40 µg 
iodinated LLG peptide or its conjugates (Peg-LLG, M-LLG, L-LLG) via 
tail vein, sacrified and the harvested organs were gamma-counted.Io-
dine-125-YADGACPCFLLGCC and iodine-125-GST-LLG were labeled 
using the iodogen method. Competition assays with the constructs 
showed the peptide had retained its function. In-111-DTPA-conjugates 
of the tested peptides were produced using a standard DTPA-conjuga-
tion protocol and subsequent labeling with In-111 SPECT imaging of 
the three animal models were performed.

Results: .LLG phage showed clear selectivity for activated leukocytes 
in AML patient samples. Synthetic LLG-C4 peptide blocked the phage 
indicating binding specificity. White blood cells from healthy donors did 
not bind LLG-C4 phage. We confirmed the ability of LLG phage to rec-
ognize leukemic cells by studying several cell lines showing variable 
levels of binding of LLG phage to granulocytic OCI-AML3 cells..From 
three different animal species with three different leukocyte accumulat-
ing models show the ability of LLG to target imaging molecules to in-
flamed tissues with infiltration of activated leukocytes. The LLG peptide 
effectively targets both bacteria induced and sterile inflammation. Our 
data suggests utility of our fluorescently fused peptide as well as the 
radiolabeled variants of LLG to be efficient and robust tools for both 
the detection of and targeting to sites of robust leukocyte activation 
in response to inflammation. These results are promising in view of 
finding novel therapeutic approaches by which anti-inflammatory and 
neuroprotective compounds can be targeted to brain areas at risk for 
further tissue damage and delayed cell injury.

Conclusions:  We demonstrated the targeting ability of the CPCFLL-
GCC peptide in different animal species and different disease models 
using radionuclide- and fluorophore-labeled peptide constructs. The 
peptide proved very efficient in blocking neutrophils in the peritoneal 
infiltration model. LLG showed avid binding to neutrophils, the major 
players in the first line of defense, assumingly due to their rapid ac-
tivation. In the ear-inflammation model, where the inflamed tissue is 
poorly vascularised, the targeting of the peptide was less efficient. 
In the rabbit E. coli infection model the LLG-peptide showed efficient 
targeting of infiltrating leukocytes, proving to be one of the best target-
ing molecules of dozens tested thus far with this model.
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Introduction:  TAA-specific Th1 cells could serve as a promis-
ing new approach for immunotherapy of cancer patients. For 
the clinical application adequate treatment schemes have to 
be established defining the right administration route, dosage, 
injection frequency or adjunction with other immunotherapeutic 
agents or chemotherapeutics like the leucocyte depleting agent 
cyclophosphamide. Furthermore, the mode of action of TAA-
specific Th1 cells during immunotherapy is not well understood 
and has to be further characterized in preclinical settings. In this 
approach we compared the influence of the administration route 
on TAA-specific Th1 cell-treatment efficiency in an endogenous 
animal model for pancreatic cancer (RIP1-Tag2).

Methods:  Irradiated (2Gy) RIP1-Tag2-mice were treated weekly 
i.v. or i.p. with 107 Tag2-Th1 cells until the age of 14 weeks. 
The tumor size progression and treatment efficiency were 
determined by 7 T small-animal Magnetic Resonance Imag-
ing (MRI). In addition blood glucose levels (BGL) serve in this 
animal model as a marker for tumor burden and progression. 
Untreated animals die at 14 weeks of age due to hypoglycemia. 
We further analyzed homing properties of i.v./i.p. transferred 
Cy5-fluorescence labeled Tag2-Th1 cells in 14 weeks old Tag2-
Th1 cell-treated RIP1-Tag2-mice with Optical Imaging (OI) and 
Fluorescence Microscopy (FM). To characterize the Tag2-Th1 
cell-mediated antitumoral effect, we further performed H&E-
histology of the T-cell homing sites and immunohistochemistry 
of the pancreatic tissue.

Results:  BGL in i.p. treated mice were 82±5 mg/dl and slightly 
increased in i.v. treated mice to 93±4 mg/dl, compared to 41±3 
mg/dl in SHAM-treated mice at 14 weeks of age. In SHAM-
treated 14 weeks old RIP1-Tag2-mice the mean tumor volume 
was 30.0±8.6 mm³, in i.p. treated mice 15.2±4.4 mm³ while 
tumor volume was lowest in i.v. treated mice with 5.8±1.7 mm³ 
(MRI). OI revealed strong homing to the tumor site only of i.p. 
transferred Cy5-labeled Tag2-Th1 cells, whereas i.v. administra-
tion leads to very low cell accumulations at the tumor site. FM 
analysis confirmed the OI results. As further homing sites could 
be the lung, liver, and spleen identified after i.v. administra-
tion. I.p. transferred Tag2-Th1 cells homed mainly to the lymph 
nodes, peripancreatic-lymphatic-tissue, and spleen. CD3- and 
B220-immunohistochemistry of the pancreatic tissue showed 
an infiltration of host B- and T-cells in i.v. Tag2-Th1 cell-treated 
RIP1-Tag2-mice, whereas after i.p. Tag2-Th1 cell-treatment 
host immune cells accumulated circularly around the tumors. 
No infiltration in the complete pancreatic tissue of host immune 
cells could be observed after SHAM-treatment. H&E-staining of 
the thymus revealed, that weekly i.v. treatment with Tag2-Th1 
cells induced an atrophy and i.p. treatment resulted in a deple-
tion. No histological altertions were found after SHAM-treatment. 
The treatment with Tag2-Th1 cells had no influences on other T 
cell homing sites (lung, liver, spleen).

Conclusions:  Thus, i.v. administration of Tag2-Th1 cells is more 
efficient in RIP1-Tag2-mice than i.p. treatment despite a lack of 
migration to the tumor site. The differences in the antitumoral 
effects and mobilization of host immune cells to the tumor tis-
sue are associated with the administration route. Future experi-
ments will characterize these administration dependent effects 
of TAA-specific Th1 cells during immunotherapy.




