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Table 2. Immunohistochemical reactivity" of mAbs specific for Major Histocompatibility 
Complex class I and II antigens in the monkey. 

Target: REACTIVITY IN 
MAb MHC class Lymph node Skin 

W6/32 A,B +++!- +++/-

anti-HLA-DR DR +++!- +++!-
B8.12 DR +++!- +++!-
7.5.10.1 DR,DQ,DP +I- +I+ 

Genox 3.53 DQwl +++!- +++/+ 
anti-LeulO DQ ++/- -/-

anti-HLA-DP DP ++/- -I-

"Reactivity of the tested mAb is scored semiquantitatively: - for absence of, + for low, + + for 
moderate and + + + for high intensity of staining. Both staining of the relevant target structure and 
aspecific background staining were assessed and are presented in this order, divided by a slash. Only 
the results of the most favorable dilution of each tested mAb are presented. 

MAbs specific for MHC class II-DP and -DQ antigens showed a moderate staining reaction 

with a minority of lymphoid cells in lymph nodes. These cells were exclusively found 

diffusely in the paracortical areas of lymph nodes. 

In table 3, 12 MAbs are listed, specific for T cell antigens CD2, CD3, CD4, CDS or 

CD25. These MAbs were tested on lymph node, thymus and allogeneic skin. Tll most 

specificly and intensively stained mature T cells, whereas anti-Leu5b did not. Though all 

MAbs specific for CD3 also stained lymphocytes intensively, slight background staining was 

noted in all tissue tested. FN18 strongly crossreacted with hair follicles in skin specimens. 
The combination of OKT4 and OKT4A appeared to be highly reactive with the CD4+ T cell 

subset in lymph nodes as well as in thymus and skin biopsies. The MAb GM9, directed 

against rhesus CDS, yielded more specific staining results than FK18, though both MAbs 

showed intense target staining (Fig. lb). The MAb 2A3 was found to stain with lymphocytes 

expressing the CD25 marker in lymph nodes and thymus. Expression of the CD25 surface 

antigen was, however, not detectable on skin allograft infiltrating lymphocytes and 

histiocytes with this MAb. With 33B3.1 no target staining was detectable. 
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Table 3. Immunohistochemical reactivitf of mAbs specific for 
lymphocytes markers in the rhesus monkey. 

REACTIVITY IN 
MAb Target Lymph node Thymus Skin 

Tll CD2 +++!- +++!- +++!-
anti-LeuSb CD2 -I- -/- -/-

5Bll CD3 +++!+ +++!+ +++!+ 
FNI8 CD3 +++!+ +++!+ +++I+ +b 

OKT4+4A CD4 +++!- +++!- +++!-
M-T310 CD4 +I- +I- +I-
RIV6 CD4 -/- -/- -/-
RIV7 CD4 -1- -/- -I-

GM9 CD8 +++!- +++!- +++!-
FKI8 CD8 +++!+ +++!+ +++!+ 

2A3 CD25 +++!+ ++1- +I+ 
33B3.1 CD25 -1- -1- +I+ 

·see legend Table 2. 
'In this case background staining also included the staining of hair follicles. 

In table 4, eight MAbs are listed, specific for the leucocyte markers CD!, CD14, CD16 

and CD57, respectively. These MAbs were tested on lymph node, liver and grafted 

allogeneic skin. The MAb anti-Leu6 (COl-specific) very intensively stained dendritic cells 

that were mainly located in the epidermis. JML-Hl4 was the only one out of five MAbs 

specific for CD14(A), that proved to stain effectively Kupffer cells in the liver and 

histiocytes in lymph nodes and in infiltrating lymphocytes of allogeneic skin grafts (Fig. !c). 

Anti-Leu? (CD57-specific) showed a moderate staining reaction on small numbers of 

lymphoid cells in lymph nodes. CD16 could not be stained immunohistochemically with anti­

Leullb, not in lymphoid tissue nor in allogeneic skin during rejection. 
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Table 4, Immunohistochemical reactivity" of MAbs specific for leucocyte markers 
CDl, CD14, CD14A, CD16 and CDS7, in the rhesus monkey. 

REACTIVITY IN 
MAb Target Lymph node Liver Skin 

anti-Leu6 CD! +++1- nt' +++1-

JML-H14 CD14 +++1- +++1- +++1-
anti-LeuM3 CD14 +++I+ +I- +I+ 
WT14 CD14 +I- ++1- -1-
UCHMI CD14A -I- +I- ++1-
My4 CDI4 -I- ++1- +I+ 

anti-Leullb CD16 -I- nt +I+ 

anti-Leu7 CD 57 +++I+ nt +I+ 

·see legend Table 2. 
bnt = not tested 

Table 5. Immunohistochemical reactivity" of MAbs specific for lymphokines 
and proliferating cells in the rhesus monkey. 

MAb Target 

MDI !FN--y 
61E71 TNF-" 

Ki67' hu-nucl. Ag" 

·see legend Table 2. 

REACTIVITY IN 
Lymph node 

+++I++ 
+++I+ 

+++1-

Skin 

+I+ 
+I+ 

+++!+ 

bin thymus, positive cells were mainly located in the cortex and rarely in the medulla. 
'hu-nucl. Ag: human nuclear antigen 

In table 5, results are given with regard to MAbs specific for IFN--y, TNF-" and human 

nuclear antigen, tested on lymph node and skin. Several cells showed intense pericellular 

staining with MDI and 61E71, respectively specific for IFN--y and TNF-". However, the 

incidence of reactive cells during skin allograft rejection was very low. 
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Figure la. Staining with anti-HLA-DR of an allogeneic skin biopsy during rejection 

demonstrated the extensive MHC class II-DR antigens expression on epidermal and dermal 

cells and lymphocytes in the rejection infiltrate. Also Langerhans cells were stained (arrow). 
Figure lb. Staining with the MAb GM9 directed against rhesus CD8 lymphocytes yielded 

intense pericellular target staining in an allogeneic skin biopsy during rejection. 

Also an aspecific background staining and diffuse intercellular staining was observed in skin 

sections. Ki67, directed against a proliferation associated nuclear antigen in human tissues, 
yielded a clear nuclear staining reaction of cells in thymus, lymph nodes and skin (Fig. ld). 

In thymus, positive cells were mainly located in the cortex and rarely in the medulla. In 

peripheral lymphoid tissue, many cells in germinal centers were reactive. In skin biopsies, 

Ki67 often reacted with the cytoplasm of the basal epithelial cells of epidermis and hair 

follicles, but preferentially labelled nuclei of the basal cell layer. 
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d 

Figure lc. The MAb JML·H14 specific for CD14 effectively stained Kupffer cells in the liver 
(arrow). 
Figure ld. In allogeneic skin biopsies, the MAb Ki67 reacted with the cytoplasm of the basal 
epithelial cells of epidermis and occasionally with the nuclei of the basal cell layer. Also the nuclei of 
several cells in the rejection infiltrate showed expression of the proliferation associated nuclear 
antigen (In all figures the magnification used is 300x). 

E.4 Discussion 

In this study it is confirmed that human specific monoclonal antibodies that are known to 

crossreact with their homologous counterpart in the rhesus monkey using indirect 
immunofluorescene staining techniques, immunoprecipitation studies or bioassays, are not 
per se equally effective in immunohistochemical analysis of different tissues. More 

importantly, 23 MAbs are presented that can be used effectively for indirect 
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immunoperoxidase immunohistochemical studies in the rhesus monkey on frozen sections of 
lymph node, thymus, liver and skin. In this respect, a previous report by Sandusky eta! [43] 

dealing with the reactivity of several human specific MAbs with different leucocyte markers 

in lymph nodes is extended with 20 other MAbs. 

Approximately 60% of all MAbs with an 'excellent' target staining in FACS analysis, 
provided strong target marking and minor or no aspecific background coloring in frozen 

tissue sections using the indirect immunoperoxidase staining technique. Although a 

somewhat lower affinity of some MAbs in monkey tissues should be anticipated, the indirect 

conjugated peroxidase technique proved to be sufficiently sensitive for the visualization of 

antigen-antibody interaction in the majority of the MAbs tested. Thus, the need for a more 

sensitive immuno-histochemical staining technique, such as the avidin-biotin peroxidase 

complex method [22] is not indicated by this study. 
The anti-human MAbs W6/32, anti-LeulO, and anti-HLA-DP which are known to be 

crossreactive with rhesus antigens using immunoprecipitation studies [37,8] could be used 

effective for immunohistochemical staining of target cells in lymphoid tissue. Remarkably, 
using anti-LeulO and anti-HLA-DP no cells were positively stained in the allogeneic skin 

grafts. However, Genox 3.53, directed against the same molecule as anti-LeulO, did appear 
to stain lymphoid and stromal cells both in lymph node and the allogeneic skin. These 

observations might be an indication that also in the rhesus monkey, certain epitopes of the 

MHC class II antigens may not be exhibited constitutively. A similar phenomenon has been 

described with regard to the expression of HLA-DR (endothelial monocyte) antigens on B 

cells in man [7]. 

The two MAbs MDI and 61E71, fully crossreacting with rhesus IFN-y and TNF-01 as 

demonstrated in a bioassay, both yielded very intense pericellular staining of small numbers 

of cells in lymph nodes. Similar observations were described for antibodies directed against 

IFN-y in rejection infiltrates after kidney transplantation in the rat [42]. Therefore, it seems 

likely that MDI and 61E71 demonstrate lymphokine producing cells in the rhesus monkey. 

A drawback of these MAbs was the presence of diffuse background staining in skin graft 

biopsies. This diffuse intercellular staining might be the result of free IFN-y or free TNF-a. 

The two MAbs FN18 and GM9, raised against rhesus CD3 and CD8 surface antigens 

respectively, indeed gave an intense specific staining reaction of lymphoid cells. However, 

FN18 also crossreacted with hair follicles in skin biopsies. Therefore, the MAb Til, human 

CD2 specific, might be more advantageous than FN18 as it fully crossreacted with the rhesus 

pan T cell population without staining irrelevant structures in lymph node, thymus or skin. 

Similar results for Til and lymph node staining have been demonstrated previously [43]. In 

this elegant study, also reactivity ofanti-Leu5b could be demonstrated with rhesus lymphoid 

cells. This could not be confirmed in our study. Possibly the use of more senstive avidin 
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biotin technique by Sandusky eta!. accounted for this discrepancy. 

It was confirmed that anti-Leu6, CDl-specific very specifically stained mainly epidermal 

dendritic cells and also some dermal dendritic cells. Similar results have been described 

recently by Ringler et a!. [40], in their paper on the reactivity of 28 MAbs specific for 

dendritic cells in the skin of the rhesus monkey. 

Four out of the five MAbs of which crossreactivity had not been assessed previously, 

proved to be effective for immunohistochemical staining (see tables 4 and 5). Though further 

study is required to determine whether or not the same functional surface markers are 

stained, it can be stated that the MAbs specific for CD14, CD57 and a proliferation 

associated human nuclear antigen defined by Ki67, yielded labelling patterns that excellently 

matched the situation in man. 
Firstly, this was the case for the majority of the CD14 specific MAbs that recognized 

macrophage-like cells in the lymph node and Kupffer cells in the liver (Table 4). In skin, 

histiocytes could be identified by light microscopy. However, the immunoperoxidase 

staining reaction with all MAbs, except for IML-Hl4, was faint and often accompanied by 

background staining. These observations suggest, that histiocytes in the nonhuman primate 

might exhibit similar specific morphologic and tissue-specific characteristics expressing 

distinct immunologic phenotypes as found in the human mononuclear phagocytic system 

[51]. 

Secondly, anti-Leu?, specific for CD57, expressed by T cell and Natural Killer cell 

subsets, proved to be the only MAb with a staining reaction in lymph node, though rather 

faint (Table 4). The Mab anti-Leullb, specific for CD16 expressed by Natural Killer cells 

and neutrophils, did not show any crossreactivity with rhesus antigens in this study. 

Thirdly, MAb Ki67, directed against the proliferation associated nuclear antigen, yielded 

a very clear nuclear staining reaction in all rhesus tissues. The staining pattern corresponded 

very well with human staining patterns, most notably in thymus. This result extends a 

previous report pointing out the evolutionary conservation in many mammalian species of 
this particular epitope [14]. Thus, it can be assumed that also in the rhesus monkey Ki67 

stains cells that are not in GO phase of the cell cycle. This MAb might be very functional for 

cell kinetic studies in the nonhuman primate. 

In conclusion, we have demonstrated that membrane glycoproteins of different kinds of 

rhesus cells as well as a rhesus proliferation associated nuclear antigen can also be 

selectively identified immunohistochemically on frozen tissue sections by using anti-human 

monoclonal antibodies. We expect that the selected MAbs will be useful in studying cell 

interactions of the immune response in rhesus monkey models of human disease. 
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A.l Introduction 

The way to allogeneic transplantation of extremities seems to be open, for the 

immunosuppressive agent Cyclosporin A (CyA) has made it possible to obtain long term 

graft survival of clinical allotransplantations of kidney', heart', liver' and other organs'· '. 

Furthermore, experimental and clinical allotransplantation of bone and joints6
, muscle\ 

nerve8 and skin9 has been performed with promising results 10
• Experimental transplantation 

of a composite of these tissues (i.e. the limb), utilizing CyA, has been performed in the rat 

by the groups of Furnas", Fritz" and Kim et al". Prolonged survival of limb allografts 

treated with CyA could be established even across a strong mismatch, i.e. a major 
histocompatibility (MHC) border. In the non human primate, transplantation of the hand has 

only been performed by Daniel et al in 1986"·" and Stark et al in 1987"·". Total hand 

transplants were performed by these groups in baboons under continuous, high dose CyA 

and Prednisone treatment. Graft survival longer than 70 days, was achieved in two out of 

four and one out of eight cases, respectively. Both studies showed that recovery of motor and 

sensory function after hand transplantation could be achieved. In our studies the radial side 

of the hand was transplanted in a rhesus monkey model since the anatomy and functional use 

of the hand of the monkey is closely related to the human hand. The radial side of the hand 

(the first ray) is a composite tissue unit in which sensory and motor function recovery can be 
evaluated. Transplantation of only the radial side of the hand is also more ethical since basic 

hand function can still be maintained in the monkey. The rhesus immune system, including 

MHC antigens, shows great similarity with the human immune system. Therefore results 

obtained in this research model allow for better extrapolation to the situation in the human 

being. 

General practicability of the research model and functional recovery has been demonstrated 

in an autologous (replant) situation, previously. To determine the value of monoclonal 

antibodies (mAbs) for reversal of rejection episodes of the radial hand, a combination of 

mAbs (specific for several surface markers on immunocompetent cells) was developed in 

skin transplantation studies". Furthermore preoperative third party blood transfusions are 

known to exert a protective effect on organ allograft survival"·"'. The value of blood 

transfusions in non human primate composite tissue transplantation has yet to be determined, 
for this reason they were added to our study. Laser Doppler flowmetry (LDF) and 

temperature recordings have demonstrated their beneficial use with regard to monitoring of 
the microcirculation after microvascular surgery21

'
22

• These devices were used for monitoring 
of the microcirculation in the transplant model. 

This paper concerns the feasibility of allogeneic transplantation of the radial side of the 
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hand, the value of monitoring of the microcirculation and a preliminary report on functional 

recovery in an allogeneic model in the rhesus monkey. 

A.2 Material and methods 

A.2.1 Animals 

Rhesus monkeys (Macaca Mulatta) were born and raised in the TNO Primate Center, 

Rijswijk, the Netherlands, employing a "harem type" breeding system. Average weight was 

7.5 kg, age varied from nine to 24 years and male to female ratio was two to one. The 

animals were selected on absence of prior alloimmunization, on normal kidney and liver 

functions and non-injured, relatively large hands. If possible left or right handedness was 

assessed. 
Animal care complied with the "Principles of Laboratory Animal Care" and the "Guide for 

the care and use oflaboratory animals" (NIH publication no. 80-23, revised 1978). 

A. 2. 2 Experimental groups and immunosuppressive therapy 

The protocol, designed in cooperation with the department of biostatistics, consisted of 

twelve successful allogeneic transplantations of the radial side of the hand in the rhesus 

monkey. Transplantations were performed in unrelated donor-recipient combinations, 

mismatched for rhesus major histocompatibility (RhLA) -A, -Band DR-antigens. A group of 

twelve monkeys was divided at random into four different treatment subgroups with three 

monkeys per subgroup in a statistical factorial design according to Fisher (table I). In this 

scheme the effects of two factors alone and in combination could be determined in the same 

study. These factors were preoperative third party blood transfusions and monoclonal 

antibodies (mAbs) for the treatment of rejection episodes. 

All recipients received immunosuppressive treatment consisting of Cyclosporine A (CyA) 

and Prednisone (DiadresonFaquaosum = DAF). CyA was administered by subcutaneous 

injections twice daily (25 mg/kg/d, dissolved in Miglyol 812 and absolute ethanol as per 

Sandoz), to obtain whole blood trough levels of 400- 1000 ng/ml". DAF was given in an 

initial high dosage (12 mg/kg/day) for the first three days postoperatively and then was 

tapered slowly until a maintenance dose (1 mg/kg/day) was reached twelve days later. 

Following the protocol in table I, six monkeys received three third party blood transf­

usions, consisting of 20 mi. of fresh whole citrated blood from random donors, completely 
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mismatched for the transplant recipient and donor RhLA antigens. Blood transfusions were 

given at biweekly intervals (-6, -4 and -2 weeks) before transplantation. 
Onset of rejection was defined as the first obvious sign of swelling, erythema and blister 

formation of the transplant together with histological confirmation for the presence of 
rejection infiltrate, edema, hemorraghes and epidermiolysis. In case of rejection six monkeys 
were treated with an increase in DAF to the initial dosage (12 mg/kg/d), followed by the 
same tapering scheme as mentioned before. In the six, rejection was treated with a 
combination of rn.Abs, specific for different surface antigens on immunocompetent cells 

administered as an intravenous bolus injection for a period of ten days25
. 

A.2. 3 Anesthesia, medication and monitoring 

Apart from routine general anesthesia with standard monitoring of physiological 

parameters a continuous axillary plexus block was administered (mepivacaine and 
adrenaline, 20 mi 1% and 0.1 mg respectively, per eight hours). An intravenous infusion of 
Dextran 40 (Rheomacrodex, 1.5 gr/kg) was given during and directly after operation for 
hemodilution. Cefamandol (R/Mandol, 100 mg/kg/d in two dosages) was administered 
intramuscularly for five days starting an half hour before operation as antibiotic prophylaxis. 
Acetylsalicylic acid (R/Aspegic, one dosage of 100 mg) was given intramuscularly on the 
day of operation to decrease platelet aggregation. 

The microcirculation was monitored during and directly after surgery with temperature 

recordings of the transplant compared to a control temperature of the ipsilateral middle 
finger. Also Laser Doppler flowmetry (R/Perimed, PF2, Sweden) was used to measure 

blood flow in the microcirculation of the skin of the transplant". Measurements were 
performed after dissection at the donor site with the transplant on its vascular pedicle and 

after reanastomizing of the vascular pedicle at the recipient site. The monkeys were kept 

tranquilized for the first 4-6 hours after surgery for general and microcirculatory monitoring. 
After this period appropriate dressings and a custom made thermoplastic splint were applied 
to protect the operated upper extremity". 

A.2.4 Operation 

Before operation the donor and recipient arm were shaved. After general anaesthesia the 
donor rhesus monkey was placed in lateral position with the arm abducted. 
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The transplant, consisting of the first 

ray of the hand enlarged with the 

radial forearm flap (for monitoring 

and biopsies, size approximately 20 

em')" was marked (see fig. 1). All 

operations were performed under 
sterile conditions using tourniquet 
control. 1n the forearm, the radial 

forearm flap was dissected. The 

flexor, extensor and abductor pollicis 
longus muscles were cut at the wrist 

and marked, the adductor muscle was 

freed from its origin. The median 

nerve, the palmar cutaneous branch 

of the median nerve, the motor 
branch of the ulnar nerve beneath the 

adductor muscle and the superficial 

radial nerve branch to the thumb 

were identified, dissected, cut 
proximally and separately marked. 

The cephalic vein and the radial 

artery were the vascular pedicle to 

the transplant. They were dissected 

proximal to the radial forearm flap. 

An osteotomy was performed at the 

base of the first metacarpal bone. The 

tourniquet was freed at the upper arm 

after careful hemostasis by bipolar 

ventral 

' a.p.l. 

l 
S.R.n. 

~ v v 

C.v. 

dorsal 

Figure 1. The transplant model. The doned line 
marks the radial hand unit. Ventral: A = adductor 
muscle; T = thenar muscle; U.n. = ulnar nerve; 
M.n. = median nerve; f.p.l. = flexor pollicis 
longus; a.p.l. = abductor pollicis longus; r.a. = 
radial artery. Dorsal: e.p.l. = extensor pollicis 
longus; a.p.l. = abductor pollicis longus; s.r.n. = 
superficial radial nerve~ c.v. = cephalic vein. 

coagulation, the transplant was monitored with LDF and temperaturerecordings. During 

dissection of the donor site the recipient monkey was given general anaesthesia and an 

axillary plexus block on another operating table. Skin incisions were performed in the same 

manner as the donor site and adjusted for size discrepancies. The same nerves and tendons 
were identified and marked. They were cut distally to adjust for size difference and to allow 

nerve anastomoses without tension. The recipient's thumb was amputated proximally at the 
first metacarpal bone, with thenar muscles and adductor muscle. After tourniquet release 

hemostasis was ensured. Following transection of the vascular pedicle of the transplant at the 
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donor site, the defect was reduced by excision of the trapezium and covered with a full 

thickness graft from the belly. 

After receipt of the donor transplant at the recipient site (fig. 2a and 2b), osteosynthesis 

was performed at the donor and recipient metacarpal bone with transosseus wiring. The 

adductor muscle of the transplant was reinserted at the third metacarpal bone. Subsequently 

the nerve ends of the motor branch of the ulnar nerve, the common trunk of the median 

nerve, the palmar cutaneous nerve and the superficial radial nerve were anastomosed with 
lOxO nylon sutures (BV 6, R/Ethilon) under the microscope after adjustment for length. The 

tendons of the flexor pollicis longus, the extensor pollicis and abductor pollicis longus were 

sutured with 5x0 nylon. Recipient radial artery and cephalic vein were anastomosed with 

their donor counter parts end-to-end with lOxO nylon sutures (BV-6, R/Ethilon) under the 

microscope. Before the vessels were sutured the transplant artery was flushed with dextran 

40 - heparin solution to rinse the transplant from donor serum and blood cells as much as 

possible. The skin was loosely approximated and drains were applied. After release of the 

small vessel clamps the transplant was monitored immediately with a pinprick test for 

bleeding as well as temperature and Laser Doppler flowmetry recording. 

A. 2. 5 Postoperative care 

Wound inspection, assessment of bodyweight and central temperature were carried out 

regularly. After removal of the splint six to nine weeks postoperatively wound inspection 

could be performed daily. 

The microcirculation of the flap was monitored in the same frequency as mentioned 

above, by using the pin-prick test, capillary refill assessment if possible and temperature 

recordings of the flap and pulp of the thumb as well as the pulp of the middle finger. 

Temperature recordings were always done in the same manner in a controlled temperature 

environment. LDF of the forearm flap was done by placing the probe holder on a marked 

spot and measuring four independent values for the duration of one minute. To determine the 

predictive value of LDF measurements with regard to onset of rejection, trends over one 

week and over two weeks before starting anti-rejection therapy were evaluated. For statisti­
cal analysis a minimum of two measurements in the first seven or four in the first fourteen 
days prior to onset of anti-rejection therapy were evaluated. 

All tests (laboratory, immunological and histology tests) were taken regularly and in case 

of rejection the frequency of testing was increased. 

Laboratory tests included red and white blood cell counts as well as assessment of levels 



----------------------------------------Technical aspects ----------------------------------------- 143 

of electrolytes and kidney and liver function. 

Immunological tests consisted of assessment of CyA whole blood trough levels, with a 

specific radioimmunoassay (RIA, Sandimmun-kit, Sandoz Ltd., Basle, Switzerland). Further 

immunological details on tests and results are presented elsewhere". 

Regularly, full thickness biopsy punches (diameter 3 mm) were taken. The biopsy was 

fixated with formalin 4% and processed routinely for hematoxylin-azofloxine analysis. 

Histological findings were scored semiquantitatively under light microscopy. 

A.2.6 Sensory and motor JUnction recovery 

To evaluate sensory nerve regeneration, the sensitiVIty to noxious stimulation was 
assessed weekly by means of a small electric current (1.8 milliAmpere) applied locally to the 

skin of the conscious monkey to provoke a withdrawal reflex. The number of sites rendering 
positive (withdrawal) reactions in relation to the total number of measuring sites gives the 
percentage of sensory reinnervation. 

Motor reinnervation was evaluated by detection of Compound Motor Action Potentials 

(CMAP) by electromyography of the thenar muscles after ruling out inadvertent stimulation 

of the ulnar nerve. Temperature corrected amplitude of CMAP of the abductor pollicis 

brevis muscle in the transplanted and contra-lateral side were compared weekly starting 

immediately postoperatively. Further details and histology concerning reinnervation will be 
provided elsewhereu. 

A.2. 7 Statistical analysis 

When appropriate, Fisher's exact-test, Mann-Whitney U test, two sample t-test, single 

regression analysis and log-rank test were performed for hypothesis testing. Differences 

were considered significant if P < 0.05. 

A.3 Results 
A.J.l Experimental groups 

In a consecutive series 14 transplantations of the radial side of the hand were performed, of 

which 12 were successful. Two technical failures, due to vascular occlusion were excluded. 
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Graft survival times were short in six cases (21-33 days) and long in the other six (79-179 

days, see table 1 and fig. 2c and 2d). CyA whole blood trough levels were above the minimal 

required doses of 400 ng/ml" in 83% of all cases. In the long term survival group the mean 

CyA level was 1025 (SD=l93) ng/ml, with 86% above the therapeutic margin. In the 

animals where the allografts were rejected before day 33, 74% of all postoperative CyA 

levels were in the therapeutic range and of the CyA levels after the 5th postoperative day 

even 92%. Long term and short term survivors showed no significant difference between 

CyA levels during day 5 and start of anti-rejection therapy (P>0.05, Mann-Whitney U). 

There was no significant correlation between allograft survival times and Cy A levels during 

the experiment (P>0.05, regression analysis). 

Between the two groups of animals that did or did not receive preoperative third party 

blood transfusions, no significant difference in the onset of allograft rejection could be 

observed, nor did it facilitate reversal of graft rejection (P > 0.05, log-rank). 

Table 1. Allogeneic partial hand transplantation in 12 rhesus monkeys 
under cyclosporine A (CyA) and prednisone (DAF) 

Protocor Monkey Start of rejection Rejection Graft survival 
no. therapy (days) reversed time (days) 

!(+,+) 2799 79 79" 

4023 62 + 
Ill + 121" 

2988 15 22" 
ll(+,-) 3992 139 144 

3439 41 + 
75 +'partial 97" 

3308 179" 
ill(-,+) 2596 13 30 

21 21 29" 
3310 85" 

IV (-,-) 1FU 21 33 
1550 21 33 
3212 12 21 

•Protocol: I(+,+) = cocktail of monoclonal antibodies during rejection (mAbs), pre-operative third 
party blood transfusions (transf.); II(+,-) = mAbs, no transf; III(-,+) = raise in DAF during 
rejection, transf; IV (-,-) = DAF, no transf. 

bdeath of rhesus monkey (spontaneously or due to euthanasia). 
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Figure 2a. Arm of recipient rhesus monkey (#3308) at operation. The radial unit of donor rhesus 
monkey (#2AC) is shown at the top of the photograph just before transplantation. The lower recipient 
thumb is discarded. 
Figure 2b. After completion of the radial hand transplantation (#2AC to #3308). 
Figure 2c. Rhesus monkey (#3308) 148 days after transplantation. Normale skin texture with normal 
appearance of the allograft. 
Figure 2d. Example of a transplant rejection in a rhesus monkey (#3439) 43 days after 
transplantation. Note the swelling and skin slough. 

Swelling, dermal hemorrhages, epidermolysis of the allograft, histologically confirmed to be 

rejection, occurred in ten out of 12 recipients (table 1). Histologically slight to severe 

lymphohistiocytic infiltrates, edema, hemorraghies and epidermolysis were seen (fig. 3a). In 

all transplants skin was more rapidly rejected than nerve and muscle. Five monkeys received 

the combination of mAbs for treatment of the rejection episode. In two out of five cases, 

graft rejection could be reversed (table 1, fig. 3b). 
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Figure 3a. A H&A stained section of the allograft of monkey 3439; 43 days postoperatively, two 
days after the onset ofMAbs anti-rejection therapy. The immune response of the host has resulted in 
total loss of the skin of the allograft (arrow), hemorraghe and also a diffuse infiltrate of lymphocytes 
and macrophages is visible (magnification 300x). 
Figure 3b. A H&A stained section of the allograft of the same monkey (3439). 47 days 
postoperatively, after seven days of anti-rejection therapy with MAbs. Reversal of rejection has 
allowed for regeneration of the epidermis. The number of infiltrated cells has greatly diminished 
(magnification 300x). 

In these monkeys also a second rejection episode could be treated successfully. In the other 

five partial hand recipients, graft rejection was treated by increasing the doses of DAF. In 

none of these cases. could graft rejection be reversed. MAb anti-rejection therapy prolonged 

graft survival significantly longer than an increase in steroids (P=0,015, log-rank). 

Furthermore, histological severity of rejection at onset of anti-rejection therapy did not 

influence outcome of rejection treatment (P>0.05). 
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A.3.2 Anesthesia and operation 

No complications of anesthesia were encountered. Operating time varied from 5 to 9 

hours. 

A.3.3 Postoperative care 

Postoperative pin-prick test in the pulp of the thumb showed instant bright red blood drops 

in most cases. Regarding temperature recordings one technical failure was already indicated 

in retrospect by temperatures of 28-29" Celsius of the thumb directly after operation. In 
rejection cases with necrosis of the thumb temperatures were below 30" Celsius. In all other 
cases where the transplants were viable, temperatures were above 30" Celsius. In the two 

technical failures LDF measurements were below 10 perfusion units three days after 
operation. To determine the predictive value of LDF measurements with regard to onset of 
rejection, trends over seven and over fourteen days prior to onset of rejection, were 
evaluated. Values measured over one week, nor over two weeks prior to therapy allowed any 
conclusion. 

At onset of anti-rejection therapy allograft infiltration ranged from slight to severe diffuse. 

In the two monkeys with mAbs therapy (4023 and 3439) where reversal of rejection was 

established, already after 4-7 days of treatment only a slight focal infiltrate remained. In 

monkeys where rejection was not reversible graft rejection was complete in 4-10 days after 

onset of therapy, except for one monkey (2I) that died eight days after anti-rejection 

treatment. 

A.3.4 Sensory and motor function recovery 

In the six monkeys with short graft survival times (21 - 33 days) rejection occurred before 

sensory recovery could be shown. In the six monkeys with long term graft survival (79 - 179 
days) first signs of sensory recovery appeared in the median nerve distribution after a mean 

of 42 days postoperatively (range 27-64 days). As soon as the first sign of sensory recovery 
was detected and reconfirmed, the custom made splint was no longer applied (mean : 38.7 

days; range 32-57 days)(table II). 

The percentage of median nerve reinnervation increased in time, episodes of rejection almost 

immediately decreased this area. In case of reversal of allograft rejection renewed 
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reinnervation was seen, within two weeks after the initial decrease (or initial absence) of 

reinnervation. 
In six monkeys first signs of motor recovery could be assessed at a mean of 43,8 days 

postoperatively (range: 31-56 days). 

In two out of six monkeys with short term graft survival (21 - 33 days) thenar muscle 

reinnervation could be detected even after onset of rejection. The quality of conduction 

Monkey 

2799 
4023 

3992 
3439 

3308 
2! 
3310 
IFU 

Table 2. Sensory and motor function recovery after allogeneic partial hand 
transplantation in the rhesus monkey 

First sign of Maximal percentage First sign of 
Start of rejection of sensory of median nerve motor recovery 

therapy (days) (days) reinnervation" (days) 

79 27 75 72' 

62 41 91 23 
Ill 
139 35 80 79' 
41 56 14 37 
75 

64 100 25 
21 22 

29 84 28 
21 33 

"The percentage of median nerve reinnervation is calculated by dividing the number of 
positive measurements through the total number of measurement sites on the skin supplied 
by the median nerve. 

bFirst measurement by electromyograph. 

(amplitude of CMAP) as well as the velocity of conduction (latency of CMAP) increased in 

time. More detailed information on sensory and motor function recovery is described 

elsewhere28
• 
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A.3.5 Complications 

During immunosuppressive therapy overall weight loss was 13.4% in relation to 

preoperative weight. In the six long term survivors weight loss was observed ranging from 8 

to 40% with an average of22.4%. 

Elevated levels of creatinine occurred in five out of twelve cases. Clearly elevated levels of 
lactate dehydrogenase and aspartate transaminase were observed in three cases, in four cases 
liver function parameters were incidentally elevated. 

In four monkeys lymphoid tumor was found of which three died due to cachexia and tumor 

growth. In the first, a histiocytic sarcoma (2988) occurred 22 days after operation, in the 

second a malignant lymphoma (B cell type, 3439) 97 days after treatment with CyA, DAF 

and mAbs and two rejection episodes, and a histiocytic and fibrocytic sarcoma 179 days after 

operation without occurrence of rejection in the third monkey. 

Three monkeys died of sepsis. One of these three (4023) died of multiple organ failure and 

sepsis after treatment with CyA, DAF and mAbs and two rejection episodes. There was 

evidence of tumor development in lymphoid tissue in this monkey. Of the other two one died 

of organ failure and sepsis after 29 days (2I) and the other (3310) died of sepsis presumably 

from the skin with dissemination to the central nervous system. One monkey (2799) died of 

shock and irreversible coma after administration of the first intravenous dosage of the mAbs 

cocktail. MAbs therapy did not have a significant effect on death in general (P > 0.05)". 

A.4 Discussion 

Long term survival combined with functional recovery is obligatory before allogeneic 

transplantation of extremities is considered. Experimental allogeneic composite tissue 
transplantation has long been focussed on the improvement of survival6

•
11

•
12

'
13 . More recently, 

functional recovery has been under investigation14'17'30
• This study was designed to investigate 

survival as well as functional recovery of a composite tissue allograft in the nonhuman 
primate. 

To suppress the host-immune response against composite tissue allografts the combination 
of continuous high dosage of CyA (20-25 mg/kg/day) and prednisone is needed to establish 

long term allograft survival. This is demonstrated in various studies in rat11
'
13 as well as 

monkeyl4,17,24. 

In the present study the same regime was chosen. Although CyA levels were above the 

therapeutic margin of 400 mg/ml still ten out of twelve hand transplantations showed rejec-
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tion. 
Mean skin graft survival times without immunosuppressive treatment are normally not 

longer than ten days">'. In the short term survival group of this study graft survival time 

varied in six rhesus monkeys from 21 - 33 days. As the earliest rejection started much longer 

than ten days following operation unresponsiveness to CyA is unlikely. Furthermore, 
retrospective analysis ruled out a possible negative influence on allograft survival in female 

recipients, due to prior sensitization. 
Onset of rejection was treated in our study either with an increase in DAF or with the 

mAbs therapy. Daniel eta!." and Stark et a!." reported reversal of rejection with an increase 

in prednisone in two out of four and one out of eight hand transplantations in baboons 

respectively. However, in their studies still two out of three showed skin problems after 

reversal. In our project, all radial hand transplants treated with an increase in steroids in case 
of rejection, did not show any signs of reversal. Regarding the use of mAbs in the treatment 

of acute graft rejection the beneficial use was first demonstrated by Cosimi eta! in 1981" in 
the treatment of a rejection crisis following kidney transplantation. This has been 

reconfirmed by others". In our study, mAbs therapy could reverse graft rejection in two out 

of five monkeys, on two occasions. Even though two out of the three other monkeys in this 

group died during mAbs anti-rejection therapy before the allograft was completely rejected, 

graft survival could be prolonged significantly longer than an increase in steroids. Data 

concerning lymphocytic subset distributions in the peripheral blood as well as in the allograft 

itself is presented elsewhere". 

Third party and donor-specific blood transfusions have been proven to exert a protective 
effect on allograft survival, even under CyA therapy"·"·". However in our study third party 

blood transfusions did not postpone the onset of graft rejection significantly, nor did they 

facilitate reversal of graft rejection. Possibly the high dosage of CyA masks the effect of 

blood transfusions. 

Monitoring of microvascular surgery, as for instance LDF and temperature recordings, can 
be a helpful tool in detecting vascular compromise. Particularly if monitoring is performed 

continuously. As far as technical failures are concerned, one case could not be predicted as it 

occurred two days after surgery, the other had in retrospect low monitoring values directly 

after operation. 

Black et a!." have demonstrated that a decline of the muscle temperature proved to be a 

reliable quantitative determination of limb allograft survival. In our study skin temperature 

recordings could not predict a rejection episode. Only skin necrosis produced a drop in skin 

temperature below 30o Celsius. Probably muscle temperature is less influenced by rejection 

or environment than skin temperature. To determine a predictive value of LDF 
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measurements with regard to onset of rejection very frequent measurements are needed 
without too much variability between measuring sessions. No conclusions could be drawn in 
this respect due to the variability of the values and the inability to measure caged monkeys 
very often. In allogeneic limb transplantation in rats where LDF values were less variable 

and more frequently measured, they correlated well with graft rejection although a predictive 
value could not be established". 

Sensory and motor recovery occurred in all long term survivors. First sign of sensory 
recovery, assessed in conscious monkeys, was found after a mean of 41.8 days 
postoperatively (range: 27-64 days). Episodes of rejection almost immediately decreased the 
area of sensory recovery. As sensory receptors are localized in the dermal-epidermal 
junction they are bound to be affected as this area appears to be the main target of 
rejection37

-
39

• Reversal of graft rejection enabled renewed reinnervation within two weeks 
after the initial decrease of reinnervation, thus host axons can reestablish reinnervation after 
rejection in allogeneic tissue. 

First signs of motor reinnervation appeared after a mean of 43.8 days postoperatively 
(range: 31-56 days). In both monkeys in which reversal of rejection was demonstrated, also a 
negative effect on latency and amplitude of the compound motor action potential was 

observed28
• A decrease in motor and sensory function after rejection, have also been 

described by others14
'
38

• 

Side effects of the immunosuppressive therapy in this study mainly concerned weight loss 

due to anorexia in the long term survivors. Though aberrant biochemical values were 
present, no severe nephro- and hepatotoxicity were observed. However, if similar high 
doses are administered in clinical transplantation, more severe kidney and liver damage are 
likely to occur"·"'. As three monkeys died of the consequences of lymphoid tumor 

development and three due to opportunistic bacterial infections the immunosuppressive 
treatment might have been too aggressive although similar doses of CyA and DAF were 
administered in baboons with hand transplants for longer periods without such side 

effects"·". A possible reason could be that the baboons were young, jungle caught without 

previous history in contrast to older, inbred rhesus monkeys with a case history, varying 

from kidney donorship to testis radiation. 
In conclusion, technical feasibility of allogeneic transplantation of the radial side of the 

hand in the rhesus monkey has been demonstrated. Graft survival was never longer than 180 
days after surgery even under high dosages of Cyclosporine A and prednisone. 

Reversal of graft rejection could be established twice in two out of five cases with 

monoclonal antibodies anti-rejection therapy and resulted in a significant prolongation of 

allograft survival times. An increase in DAF as anti-rejection therapy could not prevent 
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further graft rejection. 

A predictive value for the onset of rejection could not be assessed by laser doppler 

flowmetry, due to variability of measurements and inability to measure more often. 

Sensory and motor function recovery occurred in all long term survivors. Rejection had a 

negative influence on sensory and motor function recovery. Reversal of rejection enabled 

renewed sensory reinnervation within two weeks after anti-rejection therapy was started. 

A more effective immunosuppressive regime is needed before actual allogeneic trans­

plantation of the human hand can be performed. 
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