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Abstract [F-18]-fluoro-2-deoxy-D-glucose positron

emission tomography (FDG-PET) is a non-invasive

imaging technique which has recently been validated

for the assessment of therapy response in patients with

aggressive non-Hodgkin’s lymphoma. Our objective

was to determine its value for the evaluation of

immunotherapy efficacy in immunocompetent Balb/c

mice injected with the A20 syngeneic B lymphoma cell

line. The high level of in vitro FDG uptake by A20

cells validated the model for further imaging studies.

When injected intravenously, the tumour developed as

nodular lesions mostly in liver and spleen, thus mim-

icking the natural course of an aggressive human

lymphoma. FDG-PET provided three-dimensionnal

images of tumour extension including non-palpable

lesions, in good correlation with ex vivo macroscopic

examination. When mice were pre-immunized with an

A20 cell lysate in adjuvant before tumour challenge,

their significantly longer survival, compared to control

mice, were associated with a lower incidence of lym-

phoma visualized by PET at different time points.

Estimation of tumour growth and metabolism using the

calculated tumour volumes and maximum standardized

uptake values, respectively, also demonstrated delayed

lymphoma development and lower activity in the vac-

cinated mice. Thus, FDG-PET is a sensitive tool rele-

vant for early detection and follow-up of internal

tumours, allowing discrimination between treated and

non-treated small animal cohorts without invasive

intervention.

Keywords FDG � PET � Small animal imaging �
Lymphoma

Introduction

Imaging of tumour cells using [F-18]-fluoro-2-deoxy-

D-glucose positron emission tomography (FDG-PET)

plays an increasing role in oncology, particularly for

the assessment of therapy response in aggressive non-

Hodgkin’s lymphoma [1, 2]. Indeed, FDG-PET helps

to clarify the status of residual masses of uncertain

fibrotic or malignant nature and allows the reclassifi-

cation of up to 50% of patients with lymphoma
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previously considered to be partial responders by

conventional imaging as complete responders [3]. The

success of this molecular imaging technique relies on

the fact that most malignant cells demonstrate in-

creased glycolysis and glucose transporter expression

(GLUT 1 and 3) because of their high energy demand

for proliferation [4, 5]. The radiotracer FDG is a glu-

cose analogue in which the hydroxyl group in position

2 has been replaced by a positron-emitting atom of

fluorine 18 [6]. Similar to glucose, FDG is avidly cap-

tured by tumour cells but gets entrapped since, after

initial phosphorylation by the hexokinase, it can nei-

ther undergo further glycolytic reaction nor exit the

cells by dephosphorylation due to lower glucose-6-

phosphatase levels [7]. Routinely used in humans [8],

the FDG-PET technique has recently benefited from

improvement in positron detection systems, allowing

the development of high resolution devices for small

animals, referred to as ‘‘micro PET’’ systems [9, 10].

The A20 mouse model of lymphoma has been

widely used for the pre-clinical in vivo evaluation of

immunotherapy against lymphoma [11–18]. When cells

are transferred to the mouse by intravenous route,

tumour development indeed resembles the natural

course of an aggressive human lymphoma with pro-

gressive invasion of the spleen, lymph nodes and bone

marrow [12, 19]. However, evaluation of the efficacy of

the vaccination procedure relies on survival monitoring

which is not perfectly correlated with disease devel-

opment and does not conform to the current recom-

mendations for laboratory animal care [12, 18].

The purpose of the present work was to evaluate the

feasibility and relevance of A20 tumour growth moni-

toring using FDG and micro PET in a prospective

cohort of syngeneic and immunocompetent Balb/c

mice. Our model was designed to further demonstrate

the value of FDG-PET for the objective measurement

of the anti-tumour effect induced by a tumour-specific

vaccination procedure.

Materials and methods

Mice and cell lines

Immunocompetent female Balb/c mice were purchased

from Janvier (Le-Genest-Saint-Isle, France). Experi-

ments were conducted with animals from 8 to 12 weeks

of age. Mice were maintained in accordance with

institutional guidelines. The A20 B cell lymphoma line

and the P815 mastocytoma cell line, both derived

from Balb/c mice, were obtained from the American

type culture collection (ATCC, LGC promochem,

Molsheim, France) and grown in vitro in classical

RPMI medium (RPMI 1640, 100 U/ml of penicillin,

100 lg/ml of streptomycin, 50 lM b-mercaptoethanol)

supplemented with 10% foetal calf serum (PAA Lab-

oratories Ltd, Yeovil, UK).

In vitro assessment of FDG uptake by A20 cells

FDG uptake was measured in A20 cells and control

splenocytes from healthy Balb/c mice to ensure the

validity of the A20 lymphoma model for further

imaging. Cells were washed twice in phosphate buffer

saline (PBS) and resuspended at 5 · 106/ml in PBS

alone or in PBS supplemented with 0.8 g/l competitor

glucose as indicated. For each cell/media combination,

106 cells each were incubated in triplicate with

3.7 MBq FDG (250 ll final volume) at 37�C for 10, 40,

60 and 120 min. At the end of each incubation period,

the cells were spun down by centrifugation and radio-

activity in the cell pellet and supernatant was measured

during 30 s using a well gamma counter equipped with

a 3-in. crystal. Results were expressed as follows:

% FDG uptake =
cell pellet counts

½cell pelletþ sup ernatant counts�
ð1Þ

Tumour injection experiments

For intravenous tumour injection experiments, live

A20 cells (105 per mouse) were washed twice, resus-

pended in PBS and injected through the tail vein.

Mice were examined daily for detection of palpable

tumour or death and were eventually sacrificed when

external signs of suffering were present (such as re-

duced mobility and altered behaviour). Two prospec-

tive cohorts were conducted for PET-monitoring

validation. A first cohort of ten mice was followed by

FDG-PET imaging at day 42 (when two mice dis-

played the first clinical signs of tumour invasion) and

day 49 after tumour injection. All mice were sacrificed

at day 50 to examine macroscopic aspect of the lesions

and to correlate the foci of uptake with the presence

of tumours. Secondly, two cohorts of mice were chal-

lenged simultaneously, but one cohort (VAC, n = 7)

had been immunized 5 days prior to challenge with an

A20 cell-specific vaccine (see below) while the other

(NI, n = 8) was not immunized and served as a control

for tumour development. The two cohorts were fol-

lowed by FDG-PET imaging at different time points

(34, 47, 55, 62 and 83 days after tumour challenge) and

tumour incidence shown by PET, calculated tumour

volume and maximum standardized uptake values
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(SUVmax, see below) as well as survival, were com-

pared between groups.

Histology

Resected tumours and other tissue specimens (spleen,

liver, lymph nodes and bone marrow) were fixed in

buffered formaldehyde and paraffin-embedded. Hae-

matoxylin and eosin stained sections of all specimens

were analysed.

Immunization procedure

An A20 vaccine was prepared with a lysate obtained by

four cycles of successive freezing in liquid nitrogen

(10 s) and thawing at 37�C of a pellet of live A20 cells

(3 · 106 per mouse). The pellet was resuspended in

PBS buffer and spun down to eliminate cell debris. The

supernatant was emulsified volume-per-volume in

incomplete Freund’s adjuvant (Sigma, Saint Quentin

Fallavier, France). A control vaccine was similarly

prepared with a lysate of P815 cells. Vaccines (200 ll

per mouse) were injected subcutaneously twice in the

flanks at a 2-week intervals.

Assessment of immune response by enzyme-linked

immuno-spot assay (ELISPOT)

To assess the immune response induced by the vaccine,

splenocytes from mice vaccinated with either the A20

(nine mice) or the P815 lysate (two mice) were tested

in an ex vivo IFN-c ELISPOT assay, 6 days after the

last immunization. Briefly, 5 · 105 splenocytes were

incubated 24 h with 105 irradiated tumour cells (A20 or

P815) in 96 well multiscreen HA plates (Millipore,

Guyancourt, France) pre-coated with an anti-IFNc
antibody (BD-Pharmingen, Erembodegem, Belgium)

and revelation of IFNc-secreting spot-forming cells was

performed as previously described [20]. Spots were

counted using the KS ELISPOT system (Carl Zeiss

SAS, Le Pecq, France).

Micro PET imaging

Serial imaging of mice was performed on a small-

animal dedicated micro PET camera (Mosaic, Philips

Medical Systems, DA Best, The Netherlands) featur-

ing a circular array of 14,456 gadolinium orthosilicate

crystals 2 · 2 · 10 mm each. In order to achieve a

standardized glycemic state and avoid myocardial

uptake, mice fasted for 4–12 h before scanning. Image

acquisition was performed 1 h after tail-vein injection

of an average 4 MBq FDG (full syringe minus empty

syringe). Mice were anaesthetized via inhalation of

1–2% isoflurane mixed with oxygen and positioned in

the scanner in supine position with continuous inha-

lation of isoflurane using a dedicated nose device

(Minerve, Esternay, France). PET imaging was per-

formed in a three-dimensional mode using one single

10-min step, the field-of-view of the imager being large

enough (11.8 cm) to cover the entire mouse body.

Images were reconstructed using an iterative row

action maximum likelihood algorithm (RAMLA) after

having weighed the mice and calculated the net

injected activity for SUV calculation [21]. For each

abnormal focus of uptake, an isocontour was drawn

semi-automatically (at half-maximum intensity) for

the calculation of maximum SUV (SUVmax) and

tumour volume [22].

Statistical analyses

Statistical analyses were performed using the unpaired

two-tailed Student’s t test with P value <0.05 consid-

ered significant. Survival was estimated using the

product-limit method of Kaplan–Meier and compared

using the log-rank test.

Results

In vitro FDG uptake

In vitro assessment of FDG uptake by A20 lymphoma

cells was performed to ensure the validity of this cell

line for further imaging. As shown in Fig. 1, FDG

accumulated rapidly in glucose-deprived A20 cells.

Significant uptake was detected as soon as 10 min after

contact and increased gradually until 2 h. Addition of

glucose to the buffer consistently hindered FDG up-

take which remained faint for the 2 h of the experi-

ment. By contrast, in the control cell population

containing the normal B lymphocyte counterpart of the

tumour cells, i.e. the spleen cells, FDG accumulated

poorly, with little increase over time and was margin-

ally blocked by glucose at the late time points. Thus,

A20 lymphoma cells could be used for in vivo imaging

using FDG-PET.

Clinical and histological features of the A20

lymphoma model

Human large B cell lymphomas usually develop in sec-

ondary lymphoid organs as a single or disseminated
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disease which extends to bone marrow and blood. When

injected subcutaneously, A20 cells proliferated essen-

tially at the injection site (data not shown). Palpable and

easily sizeable nodules appeared synchronously in mice

and grew rapidly until death. By contrast, after intra-

venous injection through the tail vein, we observed that

A20 lymphoma cells disseminated to mesenteric lymph

nodes, liver and spleen. Macroscopic examination

showed prominent whitish nodules on the liver surface

and dissemination throughout the spleen (Fig. 2a).

Depending on their size or location, these lesions caused

abdomen enlargement and were generally palpable late

in evolution (about 1 week before death). Histologi-

cally, the tumour pattern was characterized by a diffuse

homogeneous infiltrate consisting of large and cohesive

tumour cells with moderate cytoplasm and pleomorphic

nuclei that contained clear chromatin and multiple

medium sized nucleoli. There were numerous mito-

ses admixed with apoptotic bodies and starry-sky

histiocytes and focal necrosis was common (Fig. 2b, c).

Overall, after intravenous injection of A20 cells,

the anatomical sites of development and histological

aspect of the disease resembled that of a human large B

cell lymphoma, validating the in vivo model for PET

imaging.

Correlation between PET imaging of tumour

lesions and ex vivo tumour morphology

A pilot experiment in which ten mice were injected

with A20 cells and followed by PET at day 42 and 49

was first undertaken (see Materials and methods). Vi-

sual analysis of the PET images acquired from these

mice confirmed that abnormal foci of uptake corre-

sponded to macroscopic tumours on post-mortem

examinations, as shown on Fig. 3 in two representative

animals. In mouse-1, the day 42 image showed back-

ground physiological uptake by the brain, muscles

(principally limbs and neck) and urinary tract. At day

49, a focus of uptake of an estimated 0.04 cm3 volume

was noted on the PET image (iso-intensity contour),

that corresponded to a 0.01 cm3 hepatic tumour nodule

at autopsy on the next day. Ex vivo examination

revealed a few additional submillimetric hepatic

nodules (not visible in photograph) that were not de-

tected by PET. Mouse-2 displayed evidence of signifi-

cant abdominal tumour burden on the day 42 image,

although the tumour was not palpable. The day 49

image showed major growth with large confluent foci

of uptake which paralleled the macroscopic aspect of a

hepatic nodule cluster. Later in evolution, tumour mass

necrosis may eventually result in a focal decrease of

FDG uptake (data not shown). Thus, PET images were

consistent with tumour growth in all mice and lesions

as little as 10 mm3 could be detected.

Immune response to an A20 cell lysate vaccine

in mice

We set up an A20 lymphoma specific vaccination

protocol in order to assess the benefits of PET in

documenting the vaccine-induced anti-tumour re-

sponse. A20 cell lysates with adjuvant were injected

twice subcutaneously. Induction of a specific anti-A20

cell immune response was first verified. Spleen cells

from mice immunized either with A20 or control cell

lysates were tested ex vivo in an IFN-c ELISPOT as-

say (Fig. 4). In mice immunized with control vaccine,

no significant response to A20 was detected. An ab-

sence of specific response to control cells was also

detected in spleens of mice immunized with the A20

Fig. 1 In vitro FDG uptake. Comparison of in vitro FDG uptake
by A20 lymphoma cells (a) and control splenocytes (b), in PBS
alone (grey bars) and PBS + competitor glucose (white bars).
Data are expressed as % FDG uptake as defined by Eq. 1. Data
shown are representative of two independent experiments
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vaccine (data not shown). In contrast, the A20-vacci-

nated mice developed high numbers of IFN-c secreting

T cells in response to A20 cells, demonstrating the

efficacy of the immunization procedure for the A20

lymphoma.

Clinical assessment of anti-tumour vaccine efficacy

A20 vaccinated mice (VAC) were challenged intrave-

nously with A20 cells simultaneously with control non-

immunized (NI) mice. As expected, daily examination

of the mice did not allow early discrimination of tu-

mour development between the two groups. Indeed,

tumour presence could not be ascertained before the

development of voluminous tumour masses that could

not be clinically quantified. Therefore, only survival

monitoring allowed objective evaluation of tumour

protection induced by the vaccine. On day 80, 13%

versus 43% of the NI mice and the VAC mice were

alive, respectively. These mice were sacrificed at day

Fig. 2 A20 lymphoma cell
infiltration of mouse liver and
spleen after intravenous
injection. A Balb/c mouse
injected in the tail vein with
105 A20 cells was sacrificed
49 days later when displaying
bulky abdominal palpable
lesions. Spleen and liver were
compared with corresponding
organs from a normal mouse
(a). The histologic aspect of
the A20 infiltrate in the liver
is depicted in panels b and c.
Similar aspects were observed
in spleen, lymph nodes and
bone marrow

Fig. 3 Correlation of FDG uptake and ex vivo tumour mor-
phology. Mice were injected in the tail vein with A20 cells and
sacrificed 50 days later. PET images acquired on day 42 and day
49, respectively, and macroscopic aspects of the abdomen on day
50 are shown side by side for two representative mice out of 10.
In mouse 1 (upper row), the blue arrow indicates a small hepatic
lesion visible on the day-49 PET image. In mouse 2 (lower row),
the blue arrow indicates a massive hepatic invasion and its
progression at a 1-week interval

Fig. 4 Anti-A20 immune response induced by vaccination.
Splenocytes from mice vaccinated with an A20 or P815 control
lysate (9 and 2 mice, respectively) were taken 6 days after the
last vaccine injection and tested ex vivo in an IFN-c ELISPOT
assay against A20 and P815. Data are expressed as the number of
IFN-c secreting cells from one representative mouse per vaccine
(mean ± SD of triplicate test)
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130 without evidence of tumour, indicating that the

surviving VAC mice durably benefited from the vac-

cine effect (P = 0.043 by Kaplan–Meier analysis,

Fig. 5).

Improvement of anti-tumour vaccine efficacy

assessment using FDG-PET monitoring

VAC and NI mice were sequentially followed for tu-

mour development by PET at the five time points

indicated in Fig. 5. When the first PET series was

performed (day 34), all mice were still alive in both

cohorts, but two NI mice displayed clinical signs sug-

gesting tumour invasion at examination of the abdo-

men. PET images indicated lymphoma lesions in the

two clinically suspect mice and in two additional NI

mice (50% of the NI mice) with total calculated vol-

umes of 1.35, 0.27, 0.11 and 0.10 cm3, respectively

(mean 0.46 ± 0.60 cm3, Fig. 6a). The first two mice

died with massive invasion before the scheduled PET

image at day 47, while tumours from the latter grew to

5.50 and 5.00 cm3, respectively. Two additional mice

died before next PET acquisition at day 55 and had

newly developed bulky lesions at day 47 (2.86 and

2.93 cm3, respectively). A seventh mouse developed

lymphoma later (detection of a 0.35 cm3 mass at day

55) also with a rapid evolution (not shown).

In contrast, 100% of the VAC mice were free of

tumour image at day 34 and 43% had still not devel-

oped lymphoma images at days 47, 55 and even later

(Fig. 6a and data not shown). In the four VAC mice

that escaped protection, the first lesions were detected

at day 47 i.e. 13 days after first detection in NI mice.

In good concordance with expectations, the day 47

tumour volumes were markedly lower in the VAC

mice than in the live NI mice (0.68 ± 0.48 vs.

4.073 ± 0.6876 cm3, respectively, P = 0.0034). More-

over, the tumour activity, which could be quantified by

SUVmax calculation, was consistently lower in VAC

mice than in NI mice, whatever the tumour volume

(3.37 ± 0.27 vs. 2.11 ± 0.19 respectively, P = 0.0214,

Fig. 6b), demonstrating lower glucose metabolism in

VAC mice tumours.

Overall, the results obtained by PET monitoring

demonstrated that the difference in survival between

the two mouse cohorts could be anticipated at day 34

and 47 by the number of abnormal FDG foci seen on

images and by tumour volume and SUVmax calculation,

which all indicated delayed lymphoma growth and

metabolism in VAC mice.

Discussion

In the present study, we have demonstrated the

feasibility and relevance of small animal-dedicated

micro PET combined with the FDG radiotracer for the

monitoring of tumour growth in the A20 mouse B cell

lymphoma model. In addition, we have highlighted

that this technique was able to measure the efficacy of

an anti-tumour vaccination procedure, and may

therefore be useful in future immunotherapeutic pre-

clinical trials.

The A20 cell line is derived from a spontaneously

arising tumour in an aged Balb/c mouse [23]. Accord-

ing to their rapid growth and subsequent increased

glucose consumption, A20 cells demonstrated high

FDG uptake in preliminary in vitro experiments. After

intravenous injection in syngeneic mice, the A20 cells

massively invaded liver, spleen and abdominal lymph

nodes, thus mimicking an aggressive human large B

cell lymphoma, in contrast to the usually used subcu-

taneous models of lymphoma growth [11, 13–17]. This

point is essential in the perspective of vaccination since

the microenvironment where the tumour develops is

thought to play an important role in the quality of the

immune response it induces [24, 25].

Intra-abdominal A20 tumour nodules are poorly

accessible to clinical examination. Using micro PET,

we were able to detect A20 lesions as small as 10 mm3

in the form of hepatic nodules (see Fig. 3). On the PET

image, the volume of this 10 mm3 nodule was esti-

mated to be 40 mm3 by the isocontour method, due

to the point spread function of the imager. Indeed,

despite a spatial resolution of 2 mm, partial volume

Fig. 5 Comparison of survival curves between vaccinated and
control mice after simultaneous tumour challenge. A statistically
significant difference is shown by Kaplan–Meier analysis. The
dates of PET examinations on days 34, 47, 55, 62 and 83 during
the follow-up are shown by the vertical dotted lines
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effects tend to spread the radioactivity around a nodule

when its diameter is lower than 2.5 times the resolution

[26]. This effect is both responsible for an overesti-

mation of tumour volume and an underestimation of

metabolic activity (artificial decrease of the SUVmax) in

small lesions. However, in many cases, the focus of

uptake still remains visible because of the high meta-

bolic activity in the tumour compared to the adjacent

physiological background inherent to FDG imaging.

Therefore, an excellent correlation was generally

observed between images of clinically non-palpable

tumour lesions and their ex vivo morphology observed

macroscopically upon autopsy. This is in accordance

with data in humans which demonstrate the great

sensitivity of FDG-PET for the detection of occult

disease, cancer staging and characterization of mor-

phologically normal masses, particularly in lymphoma

[8]. Another pitfall of abdominal tumour imaging with

FDG-PET is the physiological bowel uptake that

sometimes causes erroneous interpretations in humans,

due to peristaltic smooth muscle contraction or intra-

luminal excretion of the tracer [27], but in our studies,

we did not encounter such artefacts.

The A20 cell line has been widely used for the in

vivo testing of vaccination procedures against lym-

phoma [11–18]. In our study, we vaccinated mice by

subcutaneous injections of A20 cell lysate mixed with

conventional adjuvant prior to challenge by live A20

cells. This procedure is not applicable to human

patients and was used as a model to induce an A20

tumour-specific immune response which was tested by

an IFN-c ELISPOT assay. Comparison of the natural

evolution of the vaccinated (VAC) mice and control

NI mice revealed significantly better survival of the

VAC mice that correlated with a lower incidence and

delayed development of lymphoma as visualized by

FDG-PET. Most interestingly, FDG-PET allowed

early discrimination of tumour growth between the

VAC and NI mice. First, day 34 images showed that

50% of the mice had developed tumours in the NI

group, whereas all the VAC mice were still tumour-

free, suggesting a delay in tumour development in the

latter. Second, analysis of the lesions revealed in PET

images demonstrated significant differences in volume

and SUVmax between the two groups (Fig. 6a, b).

These differences revealed a reduced rate of tumour

growth in the VAC group. Moreover, the lower

SUVmax measured in all VAC mice tumours, irre-

spective of their volume, indicated that they displayed

a decreased metabolic activity. Diminished cell viabil-

ity or proliferation rate have been shown to limit FDG

uptake [28, 29]. In VAC mice, the anti-tumour immune

response may be responsible for both cell killing by

necrosis or apoptosis and cell cycle arrest, a phenom-

enon known as dormancy [30].

Many FDG-PET studies have been conducted to

assess response to chemotherapy in human non-

Hodgkin’s lymphoma. Cytotoxic treatments alter cel-

lular metabolism before inducing measurable changes

in tumour morphology. In agreement with this, FDG-

PET predicted therapy response earlier than standard

imaging in aggressive lymphoma both in patients and

in a chimeric human-mouse Burkitt lymphoma model

[1, 2, 31, 32]. Chimeric severe combined immunodefi-

ciency (SCID) mice engrafted with human tumour cells

and peripheral blood leukocytes are widely used for

the pre-clinical in vivo evaluation of new anti-cancer

therapies [33]. However, artificial reconstitution of the

adaptive immunity and interference of xenogeneic

immune responses hamper the study of vaccination-

induced anti-tumour responses in this model. To our

knowledge, our study is the first to assess the value of

Fig. 6 Tumour volume and SUVmax measured on PET images in
vaccinated and control mice. a Record of tumour-free mice, dead
mice and total tumour volume for tumour-bearing mice. The
FDG-PET time course (days 34, 47 and 55) post-tumour
challenge in NI (n = 8, black dots) and VAC mice (n = 7, white
dots) is indicated. Lymphoma development was delayed in VAC
mice (Student’s t test at day 47: P = 0.0034). b Maximum
standard uptake values (SUVmax) as a function of tumour
volume. All the data acquired on days 34, 47 and 55 are shown,
i.e. the same mouse can be represented twice. SUVmax were
significantly lower in VAC mice than in NI mice (Student’s t test:
P = 0.0214)
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FDG-PET for the in vivo monitoring of tumour growth

following anti-tumour vaccination procedures in

immunocompetent mice. To date, survival is the most

frequently used end-point, with two major drawbacks:

first the need to prolong survival of animals with bulky

tumours and second the poor correlation between

survival and total lymphoma tumour burden (e.g. small

compressive lesions of the extradural space lead to

premature death).

In conclusion, we demonstrate that FDG-micro

PET is relevant for early detection and follow-up of

internal tumours that cannot be detected otherwise by

palpation. This functional technique of imaging pro-

vides both three-dimensional images of tumour loca-

tion and quantitative parameters (estimated volume

and SUVmax, [22]), which account for the metaboli-

cally active tumour. These parameters are thus deter-

minant for monitoring the efficacy of anti-tumour

vaccination procedures and allow an accurate com-

parison of small animal cohorts. Dynamic observations

of tumour development can be obtained from the

same individual subject by serial time point image

acquisition, as this non-invasive technique is easily

performed on anaesthetized mice, thus respecting

ethical handling of laboratory animals.
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