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Surprisingly little graft-versus-host disease (GVHD) has 
been observed in severe combined immunodeficient 
(SCID) mice injected intraperitoneally (IP) with human 
blood lymphocytes (hu-PBL-SCID), which raised the ques- 
tion as to whether GVHD in such a distant species is spo- 
radic or suppressed because of immunologic reasons. 
After screening for blood T-cell chimerism, we hereby de- 
scribe generalized lethal xenogeneic human GVHD in un- 
conditioned SClD chimeras, which resembles GVHD in 
SClD mice injected with allogeneic lymphocytes. We 
adapted an immunocytochemical slide method for minute 
cell numbers, which allowed us to follow, by multimarker 
phenotyping of weekly mouse-tail bleeds, the chimeric 
status of 100 hu-PBL-SCID injected with 10’ or 10’ hu- 
PBL of Epstein-Barr virus- (EBV-) donors. More than half 
of the mice showed no or less than 2% T cells. However, 
13% to 21 % developed substantial blood T-lymphocyte 
chimerism (10% to 80% human CD+ cells) and high 

NFORMATION on human blood lymphocyte (hu-PBL) I chimerism in severe combined immunodeficient 
(SCID) mice is scarce, although it is evident that, for un- 
known reasons, it is usually disappointingly low (<2%), 
both in SCID-hu chimeras coimplanted with human fetal 
thymus and liver tissue’.2 and in hu-PBL-SCID chimeras3 
injected with ~ u - P B L . ~  Likewise, it is unclear why human 
graft-versus-host disease (GVHD) is a rare, ill-defined entity 
in SCID mice. Of 800 hu-PBL-SCID reconstituted with 20 
to 50 X lo6 PBL observed, only eight injected with PEL 
from the same donor displayed clinical symptoms consis- 
tent with transient GVHD.’ The question was raised as to 
whether more fundamental immunologic reasons inhibit 
GVHD between distant species like humans and mice. 
Huppes et aI6 recently reported an atypical “discordant hu- 
man xenogeneic” GVHD in PBL-injected young preirra- 
diated SCID and immunodeficient CBA/n mice, the induc- 
ibility of which they related to their lack of natural 
antibodies. 

In the present study we wondered whether failure to de- 
velop xenogeneic GVHD in hu-PBL-SCID was related to 
low T-cell chimerism. To avoid having to kill individual 
hu-PBL-SCID for an immunophenotypic analysis, we 
adapted an immunocytochemical method that allowed us 
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mortality. Immunohistology showed more human CD8 + 

than CD4+ T cells in the splenic white pulp. The cells devel- 
oped HLA-DR activation markers and infiltrated the red 
pulp where human B cells also appeared. Expression of ac- 
tivation and proliferation markers increased within 5 to 6 
weeks. Many human CD3+ cells were also found in the 
portal triads of the liver and in the lung, pancreas, and kid- 
ney. The thymus also became heavily infiltrated. The intes- 
tines and skin of hu-PBL-SCID were less infiltrated by do- 
nor cells than in SClD with allogeneic GVHD. The tongue 
contained almost no human T cells. Our data show that a 
relatively low overall incidence of human xenogeneic 
GVHD, even when high numbers of human PBL are in- 
jected, is the consequence of a dichotomy between mice 
with no or transient T-cell chimerism and a minority of 
mice with high-blood T-lymphocyte chimerism and GVHD 
mortality. 
0 1993 b y  The American Society of Hematology. 

to type minute numbers of blood lymphocytes by fixing 
them electrostatically onto poly-L-lysine-coated slides. 
Thus, we could follow the chimeric status of 100 mice by 
weekly tail bleeds, and we noted a minority of uncondi- 
tioned adult SCID mice with substantial T-cell chimerism 
and morbidity. Detailed immunohistochemical analysis of 
these mice showed GVHD-like donor cell infiltrates and 
other changes that we also found in GVHD of allogeneically 
reconstituted SCID, but not in congenic SCID chimeras. 

MATERIALS AND METHODS 

Mice. C.B- 17 scid/scid mice were originally obtained from H. 
Wagner, University of Ulm, Germany, with the kind permission of 
M.J. Bosma. They were bred and maintained under pathogen-free 
conditions in our animal facility. They were housed in horizontal 
laminar-flow cabinets and were given autoclaved food (Altromin 
1314 fortified, Lage. Germany). None of the SCID mice used 
showed substantial leakiness. Balb/c and C57B1/6 (Thy-I. I )  mice, 
originally obtained from Jackson Laboratories (Bar Harbor, ME), 
were also kept at the GSF animal facilities. 

Usually 10’ hu-PBL or 5 X 
IO6 spleen cells from congenic Balb/c mice or from allogeneic 
C57BL/6 (Thy-1.1) were injected intraperitoneally into adult, 6- to 
8-week-old unconditioned SCID mice. 

Healthy human blood donors were se- 
rologically tested for their Epstein-Barr virus (EBV) status at the 
Munich University Hospital Gronhadern. Isolation of sterile hu- 
PBL before intraperitoneal (IP) injection included ( I )  density-gra- 
dient centrifugation with Ficoll Hypaque (d = 1.077; Biochrom, 
Berlin, Germany), (2) assessment of viability by trypan blue exclu- 
sion. and (3) aliquoting of donor PBL in approximately 750 fiL of 
cell-suspension containing 10’ cells/SCID mouse. 

The antibodies used for immunohistochemistry 
and immunocytochemistry are listed in Table 1 .  We thank P.C.L. 
Beverly, London, UK, H.R. McDonald, Lausanne, Switzerland; 
and U. Kummer, K. Reinecke, and R. Schuh, Munich, Germany, 
for providing the antibodies. Mouse and rat normal sera were used 
as negative controls. Peroxidase-conjugated or alkaline phospha- 
tase-conjugated mouse antirat IgG (H + L) and rat antimouse IgG 
(H + L), which were used as labeled secondary antibodies, were 
obtained commercially from Jackson Immunoresearch, West 

Transplantation oflymphoid cells. 

Preparation ufhu-PBL. 

Antibodies. 
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Table 1. Antibodies Used for Immunocytochemistry and 
Immunohistochemistry (Source in Parentheses) 

Target Cells 

Soecificitv Human Mouse 

CD3 
CD4/L3T4 

CD8/Ly-2 

CDl l c  
Mac 1 
HLA-DR/la 
CD2Q 
CD25 
Nuclear Ki67 

lg 

UCHTI (mouse)* 
Anti-Leu-3a (mouse)$ 
38/11/8 (rat)§ 
Anti-Leu-2a (mouse)* 
38/1/10 (rat)§ 
Anti-Leu-M5 (mouse)* 

IFH-la 75 10 (mouse)# 
Coulter Clone B1 (mouse)tt 
61-49.9 (mouse)** 
Ki67 (mouse)llII 
r-chains (rabbit111 11 
A-Light chains (rabbit)llII 
K-Light chains (rabbit)ll I/ 

17A2 (rat)l 
RmCD4-111 

RmCD8-I 11 

M 1/70 (rat17 
M5/1 14 (rat)** 

AMT-13 (rat)§§ 

IgG (H + L) (rat)lTll 
IgG (H + L) (goat)llll 

* P.C.L. Beverly, London, UK. 
t H.R. McDonald, Lausanne, Switzerland. 
$ Becton Dickinson, Mountain View, CA. 
0 R. Schuh, Munchen, Germany. 
11 K. Reinecke, Munchen, Germany. 
T Serotec, Oxford, Germany. 
# U. Kummer, Munchen. Germany. 
** Boehringer, Mannheim, Germany. 
tt Coulter Immunology, Hialeah, FL. 
t$ lmmunotech S.A., Marseille, France. 
§§ GIBCO BRL, Gaithersburg, MD. 
11 )I Dakopatts, Glostrup, Denmark. 
llll Jackson Immunoresearch, West Grove, CA. 

Grove, CA. Peroxidase-labeled avidin was obtained from Vector 
Lab, Burlingame, CA, and alkaline phosphatase-labeled avidin 
from Sigma, Deisenhofen, Germany. 

Spleen, lymph nodes, thymus, bone 
marrow (BM), liver, kidney, skin, heart, and tongue were removed 
at weekly intervals up to 8 weeks, starting I week after transplanta- 
tion. Additional moribund-transplanted mice were killed up to 12 
weeks postinjection of hu-PBL. Organs were frozen in liquid nitro- 
gen and 5-pm-thick cryostat sections were air-dried, fixed in ace- 
tone for 10 minutes, incubated with the antibodies for I hour, then 
washed in Tris-buffered saline. Peroxidase activity was shown with 
amino-ethyl-carbazol. The tissue sections were counterstained with 
hematoxylin. 

Double-labeling experiments. Coexpression of T-cell antigens 
and major histocompatibility complex (MHC) class I1 antigens or 
interleukin-2 (IL-2) receptor (CD25) was shown by the following 
consecutive incubations: (1) mouse or rat antibodies against HLA- 
DR, human CD25, mouse Ia, or mouse T-cell antigens; (2) peroxi- 
dase- or alkaline phosphatase-labeled rat antimouse Ig or mouse 
antirat Ig; (3) mouse or rat normal serum for saturation of second- 
ary antibodies; (4) biotin-labeled antihuman CD3, antimouse T- 
cell antigen, or antimouse CD25; (5) alkaline phosphatase- or per- 
oxidase-labeled avidin. 

Immunocytochemistry. Parallel studies were performed by ana- 
lyzing 100-pL samples of tail blood of SCID-hu-chimeric mice at 
regular intervals. Briefly, tail-blood samples were collected in hepa- 
rinized 50-pL capillary tubes, and diluted with minimum essential 
medium (MEM) (100 pL). Red blood cell (RBC) lysis was per- 
formed by incubating the blood-MEM suspension with lysis buffer 

Immunohistochemistry. 

(Becton Dickinson, Mountain View, CA), followed by a separation 
of damaged cells by Percoll-density-gradient-centrifugation (d = 
1.069). Immunocytochemical staining was performed on cells 
bound to poly-L-lysine spots on multispot slides, according to a 
method described by Bross' and modified by Kranz et al.8s9 Heart- 
blood samples were investigated immunocytochemically in hu- 
PBL-SCID mice killed for multimarker immunohistochemistry at 
weekly intervals up to 8 weeks after reconstitution. Untreated SCID 
mice were used for negative controls and positive controls were 
donor lymphocytes for immunocytochemistry and palatine tonsils 
for immunohistochemistry. 

RESULTS 

Incidence of human blood T-cell chimerism in hu-PBL- 
SCID. One hundred unconditioned SCID mice were in- 
jected intraperitoneally (IP) with PBL isolated from the 
blood of healthy donors. The mice were typed for human 
CD3+ cells by weekly tail bleeds. Table 2 summarizes the 
incidence of T-cell chimerism in 84 hu-PBL-SCID mice. 
Although groups of usually 10 to 20 SCID were reconsti- 
tuted at different days from different donors, a substantial 
proportion of SCID consistently failed to show CD3+ chi- 
merism. A comparable number of SCID remained low-chi- 
meric (<2%). Unstained leukocytes were mostly murine 
granulocytes and a few Thy-]+ cells. In Table 2 ,  13% to 2 1% 
developed more than 10% CD3+ lymphocytes (10% to 
80%). Young, 4-week-old mice showed comparable chimer- 
ism. Injection of only 10 X IO6 PBL did not reduce the 
incidence of chimerism. Chimerism occurred indepen- 
dently of the type of donor lymphocytes, as shown in Table 
3, where mice receiving PBL from the same donor devel- 
oped variable or no T-cell chimerism at all. 

Follow-up phenotyping of individual SCID injected with 
PBL from EBlr  donors. First appearance of human 
CD3+ cells in the peripheral blood (PB) was noted within 2 
to 3 weeks postinjection. The percentage was generally low 
(< 10%) and morphologic evaluation showed only small lym- 
phocytic HLA/DR- cells. Most mice showed no signs of 
weight loss or other clinical symptoms. In the following 
weeks, two patterns became obvious. In about half of all 
mice, human T-cell chimerism disappeared (Fig 1). These 
mice showed no clinical symptoms suggestive of GVHD. A 
minority of hu-PBL-SCID developed an increase in T-cell 

Table 2. Human CD3+ T-cell Chimerism in the Blood 
of Unconditioned hu-PBL-SCID Mice 

Cells Injected 
T-cell 

Chimerism: 10' PEL IPt 10' PEL IP$ io7 PEL ipt 

Negative 24/44 = 54.5% 5/12 = 41.7% 8/28 = 28.6% 
52% 12/44 = 27.3% 5/12 = 41.7% 1Q/28 = 35.7% 
3%-10% 2/44 = 4.6% 0 4/28 = 14.3% 
>IO% 6/44 = 13.6% 2/12 = 16.6% 6/28 = 21.4% 
Total 20144 = 45.5% 7/12 = 58.3% 20128 = 71.4% 

* Weekly tail bleeds of individual hu-PBL-SCID were immunocyto- 

t PBL separated from blood of healthy volunteers were injected IP in 

$ PBL were injected in 4-week-old SClD mice. 

chemically typed for human CD3+ lymphocytes. 

8- to 12-week-old SClD mice. 
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Table 3. Human T Lymphocytes in the Blood of SCID Mice IP 
Injected With 10' PBL From Two Donors (in %) 

Week After Injection of Human PEL 
~ 

Mouse Donor 1 2 3 4 5 6 7 8 9 10 11 12 

A a  
B a  
C a  
D a  
E a  
F a  
G a  
H a  
I a 
K b  
L b  
M b  
N b  

0 s2 
0 12 
0 12 
0 0 
0 52 
0 0 
0 12 
0 0 
0 s2 

0 52 
0 0  
0 0  
s2 12 

0 0 
12 5 
52 3 
0 0 
o i  
0 0 

12 s2 
3 13 

12 3 

i 
i 
9 18 
0 0 

52 
4 
12 
8 

5 7 
0 0 
32 
36 

0 
8 

40 
6 

Each mouse was injected with 10' human PEL IP. Mouse A to I re- 

Abbreviation: 1, mouse had died. 
ceived PEL from donor a; mouse K to N received PBL from donor b. 

values of more than 10% with maximal variance between 
18% and 85% of all PBLs, murine cells included, 7 to 8 
weeks after injection. CD4+/CD8+ cell ratios varied be- 
tween 0.34 and 3.94. CD3+ cells became activated with 
coexpression of HLA-DR (up to 85% CD3+ and 68% HLA- 
DR+ cells) and blast-cell morphology of increased cell size 
and typical heterochromatic structure. Concurrent with 
these findings, the mice developed clinical symptoms, start- 
ing with loss ofactivity, abnormal posture, intermittent diar- 
rhea, anemia, and weight loss of more than 20% during the 
advanced stage. The fatal outcome was indicated by general 
kachexia and respiratory disturbances. Neither B cells, natu- 
ral killer (NK) cells, nor monocytes were detected in the test 
blood. 

Immunohistochemistry. Immunohistologic examina- 
tion showed three different patterns: mice without human 
cells, mice with low chimerism, and mice with low chimer- 
ism in the early phase switching to substantial T-cell chi- 
merism in the later phase (3 to 4 weeks post injection). 

Earlyfindings in spleen and lymph nodes. Up to about 3 
weeks postinjection of PBL, few or several human CD3+ 
cells were found in the white pulp region. The red pulp 
rarely contained human CD3+ lymphocytes (Fig 2A). Most 
were CD8+. CD4+ and Ig+ human B lymphocytes were rare. 
One week after PBL injection, the human cells were HLA- 
DR-. After 2 to 3 weeks, some of the human cells in the 
spleen were HLA-DR+. The white pulp regions of the SCID 
mice were narrow and contained single mouse L3T4' cells 
peripheral to the human cells. Mouse Ly-2+ cells were even 
more rare. Many cells in the red pulp were mouse la+. 
Lymph nodes contained human cells of a similar pheno- 
type. They were scattered throughout the SCID lymph 
node, in which no clear distinction between cortex and para- 
cortex was possible. 

All other organs exam- 
ined, including thymus and BM, did not contain human 
cells, except for occasional intravascular human CD3+ lym- 
phocytes in the lumen of blood vessels. 

Earlyjndings in other organs. 

Laterfindings in spleen andlymph nodes. From about 4 
weeks post injection onward, severe alterations were found 
in the spleen. Human CD3' cells were scattered throughout 
the whole splenic white and red pulps. In the red pulp, they 
prevailed in regions adjacent to the splenic capsule and to 
splenic trabeculae. Two of 25 SCID mice injected with hu- 
man PBL 5 weeks before or earlier displayed a white pulp 
that was almost atrophic and devoid of human cells. Most 
human cells were CD3+ (Fig 2B), and, in the red pulp, of the 
CD8+ type (Fig 2C). The majority of CD3+ cells in the white 
pulp were weakly CD4+ (Fig 2D). A high percentage of the 
human cells were HLA-DR+ (Fig 3A), and many were prolif- 
erating cells expressing Ki67. Double-labeling experiments 
showed that between 30% and 80% of the total CD3+ and 
HLA-DR+ cells were CD3+HLA-DR+ double-positive, 
whereas a smaller percentage was CD3+CD25+ double-posi- 
tive. Varying numbers of human polyclonal Ig+ lymphoid 
cells had also settled in the white pulp, showing either a 
broadly stained rim or plasma cell-like appearance with in- 
tensely stained cytoplasm (Fig 3B). Several CDI IC' cells 
with a lymphocytic appearance were distributed in the 
white and red pulps. 

Mouse L3T4+ or Lyt2+ cells were found less frequently in 
the splenic white pulp during this later stage of spreading 
human T-cell infiltration, compared with hu-PBL-SCID 
that had not become chimeric. Several SCID mice showed 
enhanced hematopoietic activity in the red pulp. 

At the later stage, lymph nodes were also densely popu- 
lated by human cells. Here again, most of the CD3+ cells 
were CD8+, whereas CD4+ cells were more loosely distrib- 
uted. Many T cells were also HLA-DR' and Ki67+. Numer- 
ous polyclonal Ig' cells were intermingled. Mouse T cells 
were very rare. 

Both contained small 
or larger aggregates of human CD3+ cells, mostly CD8+ 
HLA-DR+ and also Ki67'. Sometimes single Ig' cells were 
also found. 

SCID mouse thymi had a weakly stained mouse Ia' frame- 
work populated with Thy- 1' and mouse cells showing cyto- 
plasmic staining for CD3. Mouse L3T4' and mouse Ly-2' 
cells were rarely found as single cells or in small clusters. 
Thymus glands with heavy human-cell infiltrates contained 
fewer or none of the above-mentioned mouse thymocytes. 

Later-stage chi- 
merism in SCID mice also contained many human cells in 
nonlymphoid organs. Severe alterations were found in the 
liver where an intense accumulation of mononuclear cells 
in portal triads had occurred (Fig 3C). Dense infiltrates con- 
sisted of a mixture of CD3+, CD8', HLA-DR+ cells; of vary- 
ing amounts of CD4+, human Ig+, Ki67+ cells; and a few 
mouse Ly-2+, mouse L3T4+, and mouse Mac 1 + cells. Simi- 
lar infiltrates were observed in the kidney between the tu- 
bules and under the pelvic epithelium. Kidney glomerula 
contained polyclonal human Ig. The epidermal and subepi- 
dermal lamina propria of the intestines contained some hu- 
man CD3+ and HLA-DR+ cells, more CD8+ than CD4+. In 
contrast, the epidermal layers of the tongue were almost 
devoid of human cells. Two of 25 hu-PBL-SCID showed 

Laterfindings in BMund thymus. 

Later findings in nunlymphoid organs. 
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Fig 1.  Follow-up immuno- 
phenatyping of tail blood of nine 
hu-PBL-SCID. Percent of hu- 
man CD3+ (a), HLA-DR+ ( 
CD4+ (HI, and CD8+ (0) cells in 
tail blood of SClD mice injected 
with human PEL. n.d., not 
done; blank, 0%; *, below 0.5%; 
t, killed when in bad condition. 

n.d. * n.d. n.d. m d l  

n.d. * n.d. * n.d. m a  

n.d. n.d. * I n.d. 

* 

t 

t 

2 3 4 6 7 8 9 10 11 

weeks after i. p. injection 

For personal use only.on April 24, 2015. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


3444 

.-r , I. .- .I. .,:." . . H C  - I . I ? ' . ... +-*., . . -c1 i'.. .,. 7 , .  ...: um.-,. 

* 
Fig 2. T-cell colonization in the spleen of hu-PEL-SCID chi- 

meras. (A) Early colonization of SClD mouse white pulp with hu- 
man CD3+ lymphoid cells 1 week after IP injection of human PBL. 
The red pulp contains only single human T cells. (B through D) Later 
period of spleen colonization 7 weeks after IP injection; (B) many 
human CD3+ cells are distributed throughout the red and white 
pulp; (C) human CD8+ cells predominate in the red pulp and are 
more infrequent in the white pulp (w); (D) human CD4+ cells pre- 
dominate in the white pulp. Original magnification X 1 10. 

HOFFMANN-FEZER ET AL 

moderate focal or isolated human CD3+ HLA-DR+ (mostly 
CD8') infiltrations of skin basal epidermal and subepider- 
mal areas, especially in and around hair follicles (Fig 3D). 
The number of mouse la+ cells in the basal layers of epider- 
mis was higher than in hu-PBL-SCID that had no skin infil- 
trations. 

Immunohis~ology qf allogeneic and congenic SCID chi- 
meras. To delineate xenogeneic GVHD in hu-PBL-SCID 
from the chimeric cell patterns of mouse-into-SCID-mouse 
chimeras, we compared immunohistochemical changes, 
which we observed after intraperitoneal reconstitution with 
allogeneic or congenic lymphocytes. For discrimination be- 
tween donor and recipient T cells in allogeneic GVHD, 5 x 
lo6 C57BL/6-Th- I .  I spleen and lymph node cells were in- 
jected in Thy-1.2+ SCID. In contrast to the delayed T-cell 
reconstitution observed in hu-PBL-SCID, all SCID mice 
injected with allogeneic lymphocytes showed donor-cell ac- 
cumulations in SCID peripheral lymphoid tissues, already 
from day 5 postinjection onward. In congruence to hu- 
PBL-SCID mice, donor Thy- 1.  I +  (Fig 4A). CD3+ mouse 
cells were scattered throughout the whole spleen. Ly-2+ cells 
were present in the white and red pulps (Fig 4B). The major- 
ity ofdonor T cells in the white pulp were L3T4+. For com- 
parison, the pattern of Ly-2+ and L3T4' cells in the spleen 
of SCID mice injected with congenic Balb/c lymphocytes is 
shown in Fig 4D and 4E. In allogeneic SCID chimeras, 
many allogeneic lymphocytes in the red as well as in the 
white pulp expressed CD25 and mouse la+ activation 
markers. Double-labeling experiments showed that many of 
the CD3+ and also many of the Ly-2+ mouse T cells were 
CD3+CD25+ or Ly-2+CD25+ double-positive, respectively, 
whereas only a few of the L3T4' cells were L3T4+CD25+ 
double-positive. About 20% to 90% of the total la+ and 
CD3+ or Ly-2+ cells were la+CD3+ or Ia+Ly-2+ double-posi- 
tive. 

Mouse Ig+ lymphoid cells, as well as large cells with a 
broad intensely stained (Ig+) cytoplasmic rim, occurred in 
the white and the red pulp. The numbers of such Ig+ cells 
were increased around the white pulp areas. 

Lymph nodes were interspersed with many Ly-2+ and 
fewer L3T4+ donor-type lymphocytes. Many cells were 
mouse-la+. The thymus contained more Thy-I. I +  donor 
cells than host Thy- I .2+ thymic cells. Small and scattered 
aggregates of Ly-2+ and L3T4+ cells were present. The gen- 
eral SClD thymus structure was unchanged, in contrast to 
SClD mice transplanted with syngeneic cells where thymic 
cortical areas developed. In the intestinal epithelium, Ly-2+ 
cells were more frequent than L3T4+ lymphocytes, in con- 
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trast to SCID mice transplanted with congenic Balb/c 
spleen and lymph node cells, where L3T4' lymphocytes 
were more numerous than Ly-2+ cells. Liver and kidney 
showed an infiltration of portal triads or intertubular tissue, 
respectively, with donor lymphocytes, most of which were 
Ly-2+. Tongue and skin differed from those in hu-PBL- 
SCID insofar as the epithelium was always infiltrated by 
donor Ly-2' cells. Three to five layers of epithelial cells 
above the basal membrane consisted mostly of mouse-la+ 
cells, whereas congenic SCID chimeras contained only iso- 
lated Ia+ cells that were dendritic in appearance. 

DISCUSSION 

The present study documents the immunohistologic pic- 
ture of generalized xenogeneic human GVHD in adult un- 
conditioned SClD mice that is accompanied with substan- 
tial mortality. How is its observation in hu-PBL-SCID mice 
compatible with the experience of other investigators who 
find it very rare if not almost absent?' Our immunocyto- 
chemical screening for substantial blood T-lymphocyte chi- 
merism in individual SCID mice may have helped to single 
out candidates with ongoing GVHD. It may be more spe- 
cific than flow cytometry of organ cells or pooled blood of 
hu-PBL-SCID mice on predetermined dates. On the other 
hand, our typing of larger numbers of hu-PBL-SCID also 
showed a majority of mice without chimerism or with loss 
of chimerism before GVHD could develop. About 15% to 
20% of all hu-PBL-SCID exhibited a chimerism of more 
than 10% human PBL. All those mice showed immunohis- 
tologic signs of GVHD. Even conditioning SCID mice with 
preirradiation, growth hormone, or antibodies reacting with 
NK cells could so far not eliminate the unpredictability of 
xenogeneic T-cell chimerism and GVHD (U. Zengerle, un- 
published observation, September 1992). Variability of chi- 
merism also remained among SCID mice injected with PBL 
of the same donor (Table I). Clearly, variability of human- 
cell chimerism in SCID mice renders any evaluation ofcon- 
ditioning methods difficult. This variability remains a chal- 
lenge for the transfer of a functional human immune system 
to SCID mice. 

Late-phase findings in our hu-PBL-SCID with GVHD 
resembled GVHD in SCID chimeras that we had injected IP 
with allogeneic lymphocytes a few days before (Table 4). 
The reasons why allogeneic cells produce GVHD faster than 
xenogeneic cells could be that ( I )  they can migrate better, 
(2) their growth is better sustained, and (3) activation by 

Fig 3. Donor-cell infiltration in hu-PBL-SCID chimeras. (A) 
Most human cells in the SClD mouse spleen are activated HLA- 
DR+ cells; (B) human lg+ cells with surface or cytoplasmic staining 
occur in the white as well as in the red pulp; (C) moderate infiltra- 
tion of liver portal triads with CD3+ (mostly also HLA-DR+) human 
lymphoid cells (A through C), 7 weeks after injection of human PBL, 
original magnification X 1 10; (D) low infiltration of basal epidermal 
layers of skin and hair follicles with CD3+ human cells, 12 weeks 
after injection of human PBL, original magnification X 280. 
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antigen-presenting cells is more matched in the allogeneic 
host than in the xenogeneic host. The findings were analo- 
gous in lymphatic and hematopoietic organs and in liver, 
intestines, kidney, and lung, and in a few animals also in the 
skin. Donor- and host-cell phenotypes with activation 
marker as well as localization were quite similar. Particu- 
larly, the abundance of activated T cells of the CD8’ or 
Ly-2+ subtype in the red pulp was highly specific, as well as 
the moderate prevalence of weakly CD4+ or L3T4+ cells in 
the white pulp region. Activated human T cells have been 
described in hu-PBL-SCID. Although they even reacted 
against mouse cells in vitro, no GVHD was observed:,” A 
quickly deteriorating “discordant xenogeneic GVHD,” 
after injection of high numbers (3 X IO8) of EBV-untested 
human PBL into young SCID mice conditioned with high 
doses (400 mg) of cyclophosphamide, was found to have 
little resemblance to acute allogeneic GVHD but in later 
stages resembled a malignant process. Its massively invad- 
ing human lymphocytes were observed in other immunode- 
ficient mouse strains as well, and attributed to the lack of 

Fig 4. T-cell distribution in the spleen of SCID mice 12  days 
after IP injection of allogeneic C57BL/6 (A through C) or congenic 
Balb/c (D and E) murine spleen cells into SCID mice. (A) Thy-1.1 + 

donor cells in spleen red and white (w) pulps; (B) Ly-2+ T lympho- 
cytes prefer the red pulp, and are rare in the white pulp (w) (original 
magnification X 1 10); (C) L3T4+ lymphocytes occur in the white 
pulp, but are found also in the red pulp (original magnification X 
1 10); (0) repopulation of SCID spleen white pulp with syngeneic 
L3T4+ T cells (original magnification X 70); (E) repopulation with 
Ly-2+ cells (original magnification x 110). 

natural antibodies in these mice! We found similar tumor- 
ous infiltrations, only in hu-PBL-SCID that were injected 
with PBL from EBV+ donors (data not shown). Cellular 
infiltrates in the periportal space, consistent with micro- 
scopic GVHD, were reported in SCID mice injected with 
PBL of a laboratory worker with a history of mouse expo- 
sure, raising the issue of sensitization as a relevant factor for 
development of xenogeneic GVHD.” 

T-cell infiltration in the tongue was not found in “discor- 
dant xenogeneic GVHD,”6 nor in the present study, except 
for very rare single T cells. The reason for this difference 
between xenogeneic and allogeneic GVHD is not clear. It 
may be caused by differential distribution or presentation of 
xenogeneic and allogeneic target antigens in the host. Also, 
host cells responsible for lymphocytic infiltration may not 
be activating the xenogeneic lymphocytes. In fact, mouse Ia 
antigens in the tongue were not activated in xenogeneic 
GVHD, but found in increased amounts in our SCID mice 
with allogeneic GVHD. It is a known phenomenon in hu- 
man, rat, and mouse GVHD.’2‘14 
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Table 4. Comparison of Immunohistochemical Findings in Xenogeneic and Allogeneic GVH Reactions in SCID Mice 

Organ Infiltrated* Xenogeneic Allogeneic 

Spleen red pulp CD3+, CD8+, MHCV + + 

white pulp CD3+ CD4 (+) MHCV t + 

Lymph node CD3+, CD8+, MHCV + + 

CD3+, CD8+, MHCII+ + + 

CD3+. CD8+, MHCV + + 

Kidney, between tubules and under CD3+, CD8+, MHCV + + 

Intestines CD3+. MHCll+, CD8+ + + 

Tongue, between and under CD3+, CD8+ - 

Skin, focal in basal epidermal CD3+, MHCIV, CD8+ -I+ + 

(CD25+) (lg+ plasma cell-like cells) 

(CD8+) 

(CD4+) 

(CD4+) 

(CD4+), (CD25+) 

I Thymus focal 
BM focal 
Liver periportal 

pelvic epithelium 

(CD4+) 
+ 

epithelial cells 

and subepidermal areas (2 of 25) 
From about 4 wk on Onset of GVHD signs From d 5 on 

* By predominant cell types, in parentheses: less frequent cell types. 

An interesting histologic finding of mixed graft-versus- 
host and host-versus-graft reactivity, which did not appear 
to be outwardly detrimental, was described in hu-PBL- 
SCID with liver lesions and a dramatic increase in splenic 
murine hematopoiesis." In our series, the latter was only 
found in a few chimeras, but was seen consistently in bo- 
vine-SCID mice that we had injected with bovine lymph 
node cells (data not shown). 

In summary, we described the anatomical distribution of 
human lymphocyte subpopulations in unconditioned hu- 
PBL-SCID that, after settling in the lymphoid organs of the 
host, developed severe infiltrates of activated T and B cells 
in many organs of individual SCID mice. These changes 
were associated with a moribund condition of the mice be- 
fore they were killed for immunohistologic analysis. The 
immunohistochemical changes were qualitatively very simi- 
lar to those found in our control mice injected IP with alloge- 
neic mouse PBL, but quantitatively less in the skin of the 
xenogeneic host and almost absent in the tongue. Morbidity 
with xenogeneic GVHD in hu-PBL-SCID started 5 weeks 
after injection of PBL compared with GVHD morbidity 
starting 1 week after IP injection of allogeneic lymphocytes 
in SCID mice. 

Immunocytochemical follow-up of hu-PBL-SCID 
showed a majority of mice without chimerism or with tran- 
sient low blood cell chimerism and 10% to 20% with sub- 
stantial chimerism that can develop into full-fledged xeno- 
geneic GVHD. We assume that the difficulty of inducing 
human xenogeneic GVHD in all SCID mice reflects a 
threshold condition rather than a fundamental barrier, al- 
though we do not expect that it can be overcome by increas- 
ing the PBL inoculum of lo8 even more. Early events of cell 
engraftment and proliferation in the peritoneal cavity may 
be more important for the development of phylogenetically 
distant xenogeneic lymphopoiesis as well as for the trigger- 
ing of xenogeneic GVHD by early lymphocyte a~tivati0n.l~ 

ACKNOWLEDGMENT 

We thank W. Norton, U. Honle, J. Jasny, and U. Bamberg for 
excellent technical assistance; J. Werner for photographic assis- 
tance; and S. Donhauser and B. Engelbrecht for typing the manu- 
script. 

REFERENCES 

1. McCune JM, Namikawa R, Kaneshima H, Shultz LD, Lie- 
berman M, Weissman IL: The SCID-hu mouse: Murine model for 
the analysis of human hematolymphoid differentiation and func- 
tion. Science 241:1632, 1988 

2. Kyoizumi S, Baum CM, Kaneshima H, McCune JM, Yee EJ, 
Namikawa R: Implantation and maintenance of functional human 
bone marrow in SCID-hu mice. Blood 79: 1704, 1992 

3. Mosier DE, Gulizia RJ, Baird SM, Wilson DB: Transfer of a 
functional human immune system to mice with severe combined 
immunodeficiency. Nature 335:256, 1988 

4. Tary Lehmann M, Saxon A: Human mature T cells that are 
anergic in vivo prevail in SCID mice reconstituted with human 
peripheral blood. J Exp Med 175503, 1992 

5. Mosier DE: Immunodeficient mice xenografted with human 
lymphoid cells: New models for in vivo studies of human immuno- 
biology and infectious diseases. J Clin Immunol IO: 185, 1990 

6. Huppes W, De Geus B, Zurcher C, van Bekkum DW: Acute 
human vs. mouse graft vs. host disease in normal and immunodefi- 
cient mice. Eur J Immunol 22:197, 1992 

7. Bross KJ: Nachweis von Zellmembranantigenen mit einer 
Immunoperoxidase-Objekttragermethode. Habilitationsschrift, 
Universitiit FreiburgfBrsg, Germany, 1980 

8. Kranz BR, Thierfelder S: Improved detection of terminal 
transferase (TdT): The use of detergents on glutaraldehyde-fixed 
non-dehydrated cells prevents denaturation and diffusion artifacts. 
Leuk Res 10:1041, 1986 

9. Kranz BR, Thiel E, Thierfelder S: Immunocytochemical 
identification of meningeal leukemia and lymphoma: Poly-L-ly- 
sine-coated slides permit multimarker analysis even with minute 
cerebrospinal fluid cell specimens. Blood 73: 1942, 1989 

10. Murphy WJ, Bennett M, Anver MR, Baseler M, Longo DL: 

For personal use only.on April 24, 2015. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


3448 HOFFMANN-FEZER ET AL 

Human-mouse lymphoid chimeras: Host-vs-graft and graft-vs-host 
reactions. Eur J Immunol 22: 142 I, I992 

1 1. Krams SM, Dorshkind K, Gershwin ME: Generation of bili- 
ary lesions after transfer of human lymphocytes into severe com- 
bined immunodeficient (SCID) mice. J Exp Med 170: 1919, 1989 

12. Nakhleh RE, Snover DC, Weisdorf S, Platt JL: Immunopa- 
thology of graft-versus-host disease in the upper gastrointestinal 
tract. Transplantation 48:6 1, 1989 

13. Mason DW, Dallman M, Barclay AN: Graft-versus-host dis- 

ease induces expression of Ia antigen in rat epidermal cells and gut 
epithelium. Nature 293: 150, 198 1 

14. Lampert IA, Suitters AJ, Chisholm PM: Expression of Ia 
antigen on epidermal keratinocytes in graft-versus-host disease. Na- 
ture 293: 149. I98 1 

15. Hoffmann-Fezer G, Kranz BR, Gall C, Thierfelder S: Perito- 
neal sanctuary for human lymphopoiesis in SCID mice injected 
with human peripheral blood lymphocytes of EBV negative donors. 
Eur J Immunol22:3 I6 1. 1992 

For personal use only.on April 24, 2015. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


1993 81: 3440-3448
 
 

G Hoffmann-Fezer, C Gall, U Zengerle, B Kranz and S Thierfelder
 
and graft- versus-host disease in SCID mice
Immunohistology and immunocytology of human T-cell chimerism
 

http://www.bloodjournal.org/content/81/12/3440.full.html
Updated information and services can be found at:

Articles on similar topics can be found in the following Blood collections

http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about reproducing this article in parts or in its entirety may be found online at:

http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about ordering reprints may be found online at:

http://www.bloodjournal.org/site/subscriptions/index.xhtml
Information about subscriptions and ASH membership may be found online at:

  
Copyright 2011 by The American Society of Hematology; all rights reserved.
Society of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American

For personal use only.on April 24, 2015. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/content/81/12/3440.full.html
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

