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Introduction

Even under optimal conditions in breeding
facilities, it is necessary to control the inbred
strains of laboratory rodents for genetic
authenticity, as contamination of breeding
stocks have been known to occur (Krog
1976, Cramer & Silver 1981, Festing 1982,
Penline et al. 1982). Ideally the genetic mo-
nitoring mcthod of choice should be fast,
convenient, inexpensive and accurate (Cra-
mer 1983).

Strain Restricted Typing Sera (SRTS) are
antisera which are produced by immunizing
one strain with lymphocytes from strains
representing all other MHC-types in the
same unit. The SRTS are described in assays
combined with a complement dependent
cytotoxicity test (Festing & Totman 1980,
Arn et al. 1982, Kendall & Wagner 1985)
and in an assay with hemagglutination (Ken-
dall & Wagner 1985). Ideally the reci-
pient strain should react toward all other
strains in the unii.

Some of the advantages offered by the assay
using SRTS are that the test is simple, reli-
able and repeatable (Arn et al. 1982). 1t is an
inexpensive method and with some training
one technician can monitor about 10 ani-
mals per day. Using this assay it is primarily
the MHC haplotype which is monitored.
This is an advantage, as the haplotype is
important in many scicntific experiments
where laboratory rodents are used (Giinther
1990). Further, it is an advantage that the
antisera can be produced easily in the labo-
ratory using the inbred strains which are

bred on site (Festing & Toiman 1980, Ken-
dall & Wagner 1985). However, it must be
pointed out that rodents used to produce
SRTS must be genetically authentic for the
SRTS produced to give valid results (Ken-
dall & Wagner 1985).

The aim of this paper are to describe the
production of SRTS for some of the most
used inbred strains of mice and rats in Den-
mark, and Lo investigate the reaction pattern
between strains having the same or different
MHC haplotypes.

Materials and methods

Animals

For the production of the strain restricted
typing sera (SRTS) animals from seven in-
bred strains of mice and five inbred strains
of rats were used as recipients (sera produ-
cer). At the beginning of the experiment the
age of the animals was about six weeks. As
lymphocyte (spleen) donors for immuniza-
tion, animals from seven inbred strains of
mice and 16 inbred strains of rats were used
(see Table 1 & Table 2). Age and sex were
not kept constant for the donor animals.
The strains were from the suppliers Bom-
holtgard Breeding and Rescarch Centre Ltd.
(Ry, Denmark) and Mpllegaard Breeding
Centre Ltd. (LL. Skensved, Denmark), where
they were bred under barrier conditions.

Antisera production

The SRTS werc produced as described by
Festing & Torman (1980). Spleens from the
donors were removed and a single cell sus-

97



Scand. J. Lab. Anim. Sei. No. 3. 1992 . Vol. 1§

Table I. Mice used as recipients and donors for

production of SRTS.

Table 2. Rats used as recipients and donors for
production of SRTS.

Strain Sex Strain Sex
Recipients Recipients
A/J Bom M BB/Wor/Mol-BB F
BALB/cJ Bom F BB/Wor/Mol-WB F
C57BL/6J Bom F LEW/Mol F
CBA/J Bom M PVG/Mol F
NOD M SHR/BM F
NZW/N Bom F :

Donor strains
LR et M BB/Wor/Mol-BB
Donor sirains BB/Wor/Mol-WB
A/J Bom BN-Mol
BALB/c] Bom BUF/Mol
C57BL/6J Bom Dahl-R/Mol
CBA/] Bom Dahl-S/Mol
NOD LE/Mol
NZW/N Bom LEW/Mol
SJL/N Bom NEDH/Mol

PVG/Mol

SHR/BM

SHR/Mol

pension was prepared in PBS (phosphate
buffered saline) by cutting the spleens fol-
lowed by filtration through gauze. Splenic
lymphocytes were pooled from all the donor
strains and injected intraperitoneally (i.p.) in
the recipient animals,

The recipient groups consisted of seven mice
or five rats of each strain. For each immuni-
zation, the recipients were injcted with
pooled lymphocytes from the donor strains.
For each rat immunization one spleen from
all the donor strains was used per ten reci-
pients, whereas for the mice, one spleen
from all of the donor strains was used for all
the recipient (altogether 49 mice).

The recipients received an injection of
pooled lymphocytes once a week for five
weeks. A week after the last injection, the
animal were bled, the serum pooled within
each strain and frozen at =20°C.

Preparation of test lymphocyte
suspension

The animals were killed by cervical disloca-
tion or in a carbon dioxide gas chamber.
One or more lymph nodes were removed
and placed in approximately 1 ml of cell
media (RPMI 1640, hepes buffered (Sigma,
St. Louis, USA), with 1 % glutamine and
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Sprd/Mol (Inbred)
Stroke-Prone/Mol
WF/Mol
WKY/Mol

0,3 % bovine serum albumin or 10 % fctal
calf scrum). The lymph nodes were teased
apart with fine scissors and the cell suspen-
sion filtrated through cotton wool. The
lymphocytes were washed twice in cell
media, and then the cell suspension was
adjusted to 2—3x10° cells per ml.

Complement dependent cytotoxicity
assay

Two different types of assays were used in
the cytotoxicity test. The one performed in
U bottom microtiter plates and thc other
performed in Terasaki plates. In each assay
all animals were tested with all the SRTS for
the species tested. In each assay all animals
were tested with all the SRTS for the species
tested. In each assay, there was a positive
and a negative control for the SRTS and for
the complement (guinca pig serum).

Assay performed in microtiter plates.
The assay was with some modifications per-
formed as previously described (Nielsen &



Holst 1983, Giinther 1990). Twenty ul of
antisera diluted in PBS was pipetted into
each well. Twenty pl of lymphocyte suspen-
sion was added, the suspension mixed well
with a multipipette, then the microtiter plate
was covered with tinfoil to avoid evapora-
tion and incubated at 37°C for 30 min. Fifty
ul of undiluted guinea pig serum was added,
the suspension mixed well with a multi-
pipctte and then the microtiter plate was
incubated at 37°C for 60 min. Twentyfive ul
of 0.5 % trypanblue (Sigma, St. Louis, USA),
in 0.9 % saline was added to about 10 wells
at a time and mixed carcfully with a pipette.
After a couple of minutes the supernatant
was carefully sucked up with a pasteur
pipette to leave the cells laying on the bot-
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tom of the wells. Immediately after the re-
moval of the supernatant, the proportion of
dead cells (bluc) among live cells (colourless)
was determined by estimation, using an in-
verted microscope with 100 x magnification.

Assay performed in Terasaki plates.
The assay in Terasaki plates (Life Tech-
nologies A/S, Roskilde, Denmark) was per-
formed as described (Terasaki 1964, Festing
& Totman 1980, Giinther 1990) with some
modifications dependent on the laboratory
facilities. Two pul of antisera diluted in PBS
was pipetted into each well. Two pl of lym-
phocyte suspension was added, the suspen-
sion was mixed by carefully shaking the
plate and incubated at 37°C for 30 min. To

Table 3. Results of testing seven mouse strain restricted typing sera against lymphocytes from seven
strains. Major histocompatibility haplotypc in brackets. Obtained by testing in microtiter and Terasaki
plates. The degree of cytotoxic activity is proportional to the pluses, where 0 is no cytotoxic activity and
+++ is maximal cytotoxic activity. The quotation beneath the degree of cytotixic activity indicates the final

dilution giving results.

Strains in which SRTS were produced

Lymphocyte  A/J BALB/c] C57BL/6J CBA/) NOD NZW/N SJIL/N
donor (a) (d) (b) (k) () (2) (s)
A 0 - ++H +H +H — +H
(a) 1:4 1:4 1:4 1:8 1:32 1:4 1:16
BALB/cl A 0 ++ At -+ ++ B
(d) 1:4 1:4 1:16 1:8 1:32 1:8 1:16
C57BL/6] - +H+ 0 et +H+ —t .
(b) 1:4 1:4 1:4 1:8 1:32 1:4 1:16
CBA/J +-+ A+t i 0 - + +HH
(k) 1:4 1:8 1:4 1:4 1:32 1:4 1:8
NOD - - +H+ - 0 s +H+
(@) 1:4 1:4 1.4 1:8 1:4 1:4 1:8
NZW/N ++ +H+ +H+ +H+ ++ 0 +H+
(z) 1:4 1:4 1:8 1:4 1:32 1:4 1:16
SJL/N B + + R o+ =t 0
(s) 1.4 1:4 1:4 1:8 1232 1:8 1:4
BALB/cA* ++ 0 +H+ + FENS b -
(d) 1:4 1:4 1:4 1:8 1:32 1:4 1:8
C3H/Hel* 0+ = A+ 0 ++ + +H+
(k) 1:4 1:4 1:4 1:4 1:32 1:4 1:8
C57BL/ R +— 0 +H+ - ++ +H+
10ScT* (b) 1:4 1:8 1:4 1:8 1:32 1:4 1:16
DBA/2J* it 0 e - - - -
(d) 1:4 1:4 1:8 1:16 1:32 1:8 1:16

* Only 1-2 animals per strain tested. The recipient animals are not immunized against these strains.
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avoid cvaporation from the wells, water was
placed in the bottom of the plate. Then 5 pl
of undiluted guinea pig serum was added to
each well, the plate was carefully shaken
and incubated for 60 min. Two ul of 7%
Eosin Y (Sigma, St. Louis, USA), was then
added and the plate shaken. Within half an
hour, the reading of the assays began, using
an inverted microscope with phase contrast
at 100 x magnification. In each well, the
proportion of dcad cells (dark) among live
cells (bright and smaller) was determincd by
estimation.

Evaluation of the results.

In the microtiter plates the negative control
was accepted when the proportion of dead
cells was less than 15%. In the Terasaki
plates, 20-235 % dead cells were accepted.
The degree of cytotoxic activity was evalua-
ted as 0 = cell death cquivalent to the cell
death observed in the negative control, + =
40-60 % cell death, ++ = 60-80 % cell death
and +++ = 80-100 % cell death.

Resulis

Most of the results given in Table 3 and
Table 4 were tested in microtiter plates, as
there were some technical problems with the
use of the Terasaki plates. In the Terasaki
plates, negalive control for SRTS was
15-50 % dead cells, where it generally was
less than 10 % in the microtiter plates. The
tests performed in Terasaki plates, which re-
acted satisfactory, gave a cell death similar
to the cell death in microtiter plates about
Lthe same dilution of antisera.

The results presented in Table 3 and Table
4 were obtained by testing at least two and
usually four animals [rom each strain with
each of the SRTS for the species.

As seen in Table 3, within the seven strains
of mice used for the immunization (all with
different H-2 haplotype), the serum tested
against target cells [rom the same strain gave
a negative result in all cases, as predicled.
Among the four extra strains tested which
were not used in the immunizing of the re-
cipient animals, it can be seen that except

Table 4. Results of testing five strain restricted Lyping sera against lymphocytes tfrom five
strains obtained by testing in microtiter and Te:asakl plates. Major histocompatibility
haplotype in brackets. The degree of cytotoxic activity is proportional to the pluses, where 0
1s no cytotoxic activity and ++ 1s maximal cytotoxic actmty The quotation bencath the
degree of cytotoxic activity indicates the final dilution giving results.

Strains in which SRTS were produced

Lymphocyte BB/BB BB/WB LEW PVG SHR/BM
donors (u) (u) 0] (c) (k)
BB/BB 0 0 At - At
(u) 1:4 1:4 142 1:8 1:8
BB/WB 0 0 ++ +- SN

(w) 1:4 1:4 [:32 1:4 1:8
LEW ++ - 0 -+ ++

()} 1:4 1:16 1:4 1:16 1:16
PVG et el —F 0 it
(c) I8 1:32 1:64 1:4 1:16
SHR/BM H+ 4 ++H -l 0

(k) 1:4 1:32 1:64 1:16 1:4
LE* 0 0 +H+ ++ -t
(u) 1.4 1:32 1:32 1:8 116

* Only one animal of the strain tested.
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for C3H/Hel, the SRTS reacted with lym-
phocytes from strains with another H-2
haplotype than the haplotype [rom the im-
munized strain.

From Table 4, it can be seen that the same
pattern of rcaction occur within the rat
strains as for the mice. The serum tested
against target cells from the samc strain gave
a4 ncgative result, and serum tested against
target cells from a strain with the same
haplotype as the test serum also gave a nega-
tive result. Another interesting thing in
Tablc 4 18 that the ¢ MHC-haplotype (PVG)
especially but also the k MHC-haplotype
(SHR/BM) had difficultics in rcacting with
the u MHC-haplotype, but that there were
no problems the other way around as the
BB/WB is one of the best antisera producers
among the five strains immunized.

As seen in Table 3 and Table 4, the sera
concentration needed depended on which
strain the antisera were produced in and
which strain was tested. It is seen that
among the mouse strains, A/J, BALB/cJ and
NZW/N were not too good in producing
SRTS, whereas NOD was much better than
the other strains. Among the rats BB/BB was
a poor producer of SRTS, which was expec-
ted as the strain is immunodeficient. Espe-
cially LEW but also BB/WB were good in
producing SRTS.

Discussion

In the experiments reported in this paper, it
was not possible to distinguish strains which
have the same MHC-haplotype, while Fesi-
ing & Torman (1980) and Kendall & Wag-
ner (1985) could partly distinguish within
the samc haplotype. If a genetic contamina-
tion was detected it would not have been
possible to find the source of contamination,
as the test lymphocytes would have been kil-
led by all the test sera if the contaminant
had been a Fij-hybrid.

Two different assays were used for the cyto-
toxicity test. The one carried oul in micro-
titer plates gave the most stable results, but
was more laborious than the assay carried
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out in the Terasaki platcs. Moreover, the
assay carried out in the Terasaki plates did
not use so much SRTS and other reagents,
and il was faster to carry out. But the assay
did not work optimally, the background
death of lymphocytes being 15-50 %, which
is unacceptably high. One reason could be
that the quantities when using Terasaki
plates are very low, resulting in either lack
of nutrients, pH changes or a general toxi-
city of one of the rcagents.

The reason, why our assay was less succesful
when performed in Tcrasaki plates might be
due to the fact that the trays were incubated
at 37° rather than at room temperature. This
may account for the high background rate of
cell death. Preliminary filling of the wells
with paraffin oil might also have improved
the results.

Reactions of e.g. the mouse strains A/J and
NZW and the rat strain BB/BB are weak.
These results might have been improved by
testing with undiluted serum as done by
Festing et al. (1980).

In the assay carried out in the Terasaki pla-
tes, it seems as if lymphocytes from some
strains were less capable of surviving than
lymphocytes from other strains (c.g.
C57BL/6J, C57BL/10Sc and NOD among
the mouse strains, and BB/BB and BB/WB
among the rat strain did not survive well).
The antisera concentration needed was
about the same in the two methods.

SRTS produced in A/J and NZW/N reacted
badly with [ymphocytes from C3H/Hel, but
this could possibly be explained by these
two sera being weak.

When comparing the concentration of SRTS
needed for the cytoloxicity test, it was scen
that the rat SRTS were more concentrated
than the mouse SRTS. This could be be-
cause the rats were immunized with approx-
imately five times as many lymphocytes as
the mice.

In the experiments hei. reported, it was pos-
sible to distinguish strains with different
haplotype by means of SRTS combined with
a complement dependent cytotoxicity assay
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primarily carried out in microtiter plates,
but it was not possible to distinguish strains
within the same haplotype. This means that
the use of SRTS combined with a cytotoxi-
city assay is a valuable tool in the genetic
monitoring in combination with other me-
thods e.g. other serological and biohemical
markers.
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Summary

Strain restricted typing sera (SRTS) were pro-
duced for some of the most used inbred mouse
and rat strains in Denmark by injecting lympho-
cytes pooled from several different strains intra-
peritoneally inlo the recipients. The SRTS were
combined with a complement dependent cytotoxi-
city assay. It was possible to distinguish animals
from strains with different MHC haplotypes but
not animals from strains with the same MHC
haplotype. It was concluded that the SRTS com-
bined with a complement dependent cytotoxicity
assay could distinguish between some of the most
commonly used inbred strains of rats and mice in
Denmark.

Sammendrag

Stamme begrenset type sera (SRTS) blev produce-
ret for nogle af de mest brugte indavlede muse- og
rotte-stammer 1 Danmark, ved at injicere lymfo-
cytter blandet fra forskellige stammer intraperito-
nealt i recipienterne. SRTS’et blev brugt i en
komplement athengig cytotoxicitetes test. Det var
her muligt at adskille dyr fra stammer med for-
skellige MHC haplotyper, men ikke dyr fra stam-
mer med den samme MHC haplotype. Dct blev
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konkluderet, at SRTS kombinerel med en kom-
plement afh@ngig cylotoxicitets test kan skelne
mellem nogle af de mest brugte rotte- og muse-
indavlsstammer i Danmark.
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