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< SELECTIVE VPELASMAPHERESIS IN _DOGS FOR DETAY _OF_NETEROGRAFT llIiHl’ONHH ‘ 984
) M. DBier, C. D. Beavors, W. G. Merriman, |
F. K. Mcrkol*, B. Eisoman®, and T, Z. Siarelt

Sclective plasmapheresis {a a techniquo whoreby A grmma globulin rich fraction In electrophoretically
separated from hol\winlzed‘ wholo blood maintained In extracorporenl circulation( 1-3), The gennral pmcedure is
. similar to that employed with artificial kidneys and, more spocifically, with blood clectrodialynis), It employs ‘
the forecd=flow clectraphoretic technique(ls216,6), which has been recently employed for the prejparation of anti= .
lymphoeytic globulins from horses in vivo(?) and in vitro(®+9), In tho prerent sorics of experiments it has been
f - applicd to the experimental modification of tho rejoction reaction of pig kidnoy's xcnografts In do;;f. ' v ot
1. These experiments havo been prdmptcd by tho urgent nced for a metbod for removal of antibodies In previe
ously immunized patients to allow kidney transplantation. While the central role of small lymphocytes in chronic
. rejection has been known a long time, the more dramatio cffcct of preformed circulating antibodies In causing
hyperacute rejection has been recognized only recently. Kissmeyer~Niclsen, et al. (10) described hyperacute re=
jection mediated by IgG, IgA, and IgM antibodics to renal allografts in 2 paticnts. The microscoplc picture of thcsq
grafts revealed cortical necrosis caused by microthrombi in the glomeruli and small arterioles similar to the pic<
" ture produced by the Schwartzman reaction. .

Since that report, clinical and experimental evidence of antibody mediated rejection of renal allografts has
been described by Williams, Starzl, Clark, Najarian and others(11-17), Ppatients eXhlb(ting this response are be~
- lieved to have become immunized during multiple pregnancies, by mcans of repecated blood transfusions while ‘
" . awaiting renal transplantation, or by previous renal transplants. The reaction appears to be complement dependent. - .

It is possible to detcct these antibodies by means of a crossmatch with donor leukocytes, thus patients subject to
. '.}wperacute rejection can be identified. ’ :
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A similar mechanism is believed to be responsible for the rapid rejection observed in xenografts(ls‘”).
i ' The pig kidney~-dog recipient model chosen in the present work is an example of the most acute type of rejection
{  known, the transplanted kidney failing without exception within 6-15 min. (18-20), 1n 2 dogs treated by selective

+ plasmapheresis, the pig kidney was found to survive approximately 2 hr. with moderate urine output.- A third dog
- retained the pig's kidney for 3 hr., with copious urine output. This significant delay in the rejection is probably
"+ attributable to the depletion of circulating antibodies. If 50, it would mark the first modification of an {mmune
" reaction by the removal of circulating antibodies by purely physical means. Y
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Other approaches to the problem of removal of preformeéd antibodies(21122) {nclude adsorption of circulat= ..
. ing antibodies from the host by means of donor tissue, depleting the host of complement, and depleting the host of
_globulin. Adsorption techniques have been accomplished both in'experimental and In'¢linical renal transplants in .

immunized recipients with some success. However, present adsorption techniques deplete the host of platelets
. and result in a bleeding diathesis all too frequently. st e
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. : : Selective plasmapheresis apparatus. Forced-flow electrophoresis (FFE) was first conceived as a large

P scale electrophoretic technique for rapid fractionation of biological materials; ‘permitting the purification of iso-
! . electric protein components(1+5), In fact it proved to be a more versatile tool, suitable for the study of a variety - _ .
i . of electrokinetic membrane phenomena, such as electrofiitration(23) and its application to water purification(24), . "~
{ - electroadsorption of bacteriophages(25), blood electrodialysis(4); afid the eledtrodsmotié¢'concentration and/or .
; ' desalting of protein solutions(26), Because of these various 'modés’ of its use' it is of ‘wbrhe importance to specify - B

the parameters employed in the present work. .« - . 1vo, by nu Do aad Bloea :
3
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The FFE cell pack is shown in Figure 1. 'Plastic end-plates- hdld together -a'serios!of spacers, and have
means for blood and buffer circulation, as well as connectors for the direct current power supply. Its function {s
" best illustrated in the schematic drawing of the side view of the cell pack, presented in Figure 2. Parallel mems=
. branes M and M', and fiiters F, held in place by means of spacers not'shown, ‘form'a ‘serics of narrow channels,
across which the electrical field is establishedi" Four types of .compartments can be Tecornized: the 2 recesses
. * A in the end-plates house the platinum eledtrodes and'sexrve for extemal buffer dircuiation; channels B serve for
the circulation of internal buffer; channels O contain the flowing!'bleod and ar¢ separated from the globulin output o
A 9hnnnela D by means of the filtere F.:'The-membranos employcd are the Visking rogonorated collulose membranes,’ .
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. From the Vcterans Adminlstration Hospital and Univenity of Afizons, Tucton, Arizona; *Univenity of Colcrado Mcdicel Center and Denver Genesal

Howpitel. Draver, Colo.s and *Univenity of Colorsdo Medical Genics and Vatesson Admintitation Hospltal, Penver, Ceknado,
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analogous in propertics to tho cuprophano membranos omployed in artificial kidney work, but mechanically more
resistant.  Millipove filters of 3.0 and 0.45 mu. porosity were employed for tho fractionation,

Tho solid arrows mark the direction of liquid flow, including the dircction of lquld flow through the filter.
The double arpow indicates the electrophorotic transport of all negatively charged blood components, in a direction
counter-current to that of liquid flow. It {8 the balance of those 2 vectors which determine the quality of fractiona=
tion. ‘The accumulation of negatively charged collolds in the vicinity of tho anodic membranes resulta in polarizae«
tion of ccll content.  The latter causos local desalting along membranes and a water Influx acroas thcse membranes.
The dircction of water and ion flux across thesc mombranes is indicated by the broken arrow. Theac 2 factors
have been discussed proviously(‘“.

The purity of the fraction rcmoved depends largely on the rato of filtration of the globulin fraction and the
voltage applicd. Usually, fastest possible removal of gamma globulins is desired, and, as a result, contamination
with other plasma proteins is obtained. Furthor purification can be achicved either through forced flow clectro-
phoresis(7=9), or, of course, through any other standard mcthods of protein fractionation. If no voltage is applicd, .
the Millipore filter {s immediately clogged by erythrocytes and no filtration of plasma proteins (8 achievable. The
applied current not only fractionates the proteins but electrophorctically removes the erythrocytes from the filter

surface, permitting liquid flow. The maximum filtration rate obtainable is therefore given b%/ the rate of clear= i + -

ance of the erythrocytes. The electrophoretic mobility of erythrocytes is species dependcnt 7). the dog having . -

the highest mobility among the common animals, man included. As & result, faster processing s achievable in ) ',

dogs, with pooror quality of fractionation, '

A ]
.

In all present experiments a ccll assembly with 4 blood spacers was employed, the flow being in paraliel.
Each spacer.has an cffective filter area of 500 cm.2, 5 times larger than the apparatus used previously in blood
clectrodialysis(d). The internal buffer spacers (Figure 3) were injection molded with a protruding rib structure
which compressed the blood input spacers to an average blood film thickness of approximately 0.030" thereby Coy
limiting the total blood volume of the apparatus to about 200-250 ml., connccting tube included. Vexar screening, ., .
similar to that employed in the disposable dialyzing membrane envelope(28), prevented the ‘collapse of the mem= -
_ branes in the globulin output compartments. The pressure in the blood compartments had to be higher than that in
_ any of the other channcls. A voltage gradient of 6-8 volts/cm. was applied, resulting in a current denslty of

0.02-0.04 amps/cm.2. Blood flow as kept at 16-30 ml. /spacer while internal buffer flow was about 5 times ! '

larger. The rate of gamma globulin withdrawal varied between 1.5 and 2.5 ml./spacer. .

The overall blood and buffer flow is schematically presented in Figure 4. To facilitate vascular access,
shunts were placed in the neck of the dogs between the external carotid artery and jugular vein. These shunts
were patterned after the Quinton shunts used in artificial kidney work. While in prior work with sheep these shunts
were found to remain patent for up to a month, in dogs they seem to last for about a week only. Either total body
heparinization or regional heparin infusion can be employed. The apparatus itself offers a low resistance to blood

flow and several plasmapheresis runs have been carried out without any blood pumps. The arteriovenous pressure ‘

differential is more than sufficient for adequate blood flow. Better fractionation, however, is obtained if the cell
is isolated from periodic blood pressure variations and from the pulsatile flow resulting from the dog's heart beat:
This can be achieved in a number of ways, the simplest being to use 2 non-pulsatile pumps for blood supply and 't
return as indicated in the diagram. The globulin fraction is usually pumped. Two additional circulations of ex- -,
ternal and internal buffer are maintained by separate pumps. Both of these buffers are refrigerated to about a
.0-5°C. and serve to remove the heat generated by the electric current. A beat exchanger may be employed as the'

final element in the blood return line. ey

4

Buffers in sclective plasmapheresis. The in vivo nature of the electrophoretic fractionation obviously re-

quires that it be conducled under physiologically acceptable conditions of pil and electrolyte composition. Because -« -

of various electrokinctic phenomena, the requiroments for the buffer are not tho same as those for the dialysate
employed in hemodialysis. Mainly, the buffer should not only be Isotonic, but also {soconductive with whole blood.
Whole blood is Iess conductive than plasma or isotonic saline because of tho mass or corpuscular elements which :
do not contribute to electrical conductivity. In electrodialysis of sheep's blood(4), a buffer was employcd which
consisted of a mixturc of 60% of an isotonic balanced salt solution with 40% of a concentrated glucose solution, the
final glucose concentration being 5%. This excess glucose prevented hemolysis which otherwise occurs along
membrancs as a result of local hypotonicity, induced by cell content polarization. In this regard, shifting from
sheep to dog created a difficulty. Canine erythrocytes are highly permeablo to glucose, and isotonic or cven hyper-,',.
tonic glucose is not sufficient to create a hemolysis-preventing concentration gradient. The buffer had to be modie
fied, thercfore, by replacing giucose with sodium chloride. Tho best buffer so far employed consisted of an 80% !;
balanced salt solution, with additional 8 Gmi/Ls lodlum chlorlde. Ite aompo.ltlon wast sodlum ehlortde IS SIS
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. dynamic picturc. In most of the later experiments the dogs were completely unmedicated, and were only partially’

. determined by color change (motling) of the transplanted pig kidney, even though urine flow continued. Blopsies
were also taken at cessation of urine flow, which signaled the end point of the experiment.

" by the biuret method, together with total proteins(31), Electrophoresis and salt fractionation do not necessarily
* - give identical results(30), but at least 2 separate sets of data were obtained. Peoieht o .

* space allowed, we thought it best to prescnt data on the 3 dogs only in which significant effects were noted. The

~ that slight variations in the conditions of plasmapheresis can affoct the results considerably, the most important
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1.0 Gm. /T ) potassium chloride (0.3 Gm. /L. )t sodium bicarbonate (14.0. Gm. /L) nodiom p!)mjph:ltv. dibasio
(FU20) (0.32 Gm. /L. ); calelum Iactato (61i20) (0.17 Gm./L.); magnentum chlarlde (61120) (0,16 Gm./L.);

glucose (10 Gm./L.); ascorble acld (0,026 Gm./L.). The ancorbic acld serves to reduce any free chlorine »
formed at the clectrodes into chlorido lons, The pil was kept at all ttmes between 7.40 andd 7,50, and no notice=
able change in pli of effluent blood was observed. A total of 40 L. of buffer are prepared, 6 heing userd for the
external buffer, the vest for the intornal,  These € buffers are elrculated scparately, to prevent contamination of
bleod by toxic products of electrolysis, formed at the.clectrodes only. The external buffer acrves only to establish _
cleetrical contact between the electrodes and tho actual cell pack.  The internal buffer servea a va ricty of purposcsj
{a) it tsolates the blood from above toxic produots; (b) it provides for internal cooling of the ccll pack; (c) it allowu'
for better pHi and clectrolyte control of cfflucnt blood; and (d) morcover, it provides for replacement of the fluld
aliquot removed with the globulin fraction. This last point is purely fortuitous, as the clectroosmotic water flux
indicated by the broken arrow in Figure 1 happens to bo of the same order as the flow of the glohulin fraction .
through the filter, indicated by tho solid arrow. Blood concentration remains therefore rclatively constant, even
though the volume of globulins removed exceeds the initial total blood volume of the animal.

Protocol. The use of dogs instead of sheep, and the switching to the larger cell necessitated some experi~
mentation with optimum conditions for plasmapheresis. Operational parameters during cach run, therefore, may |
have varied, in minor details. A number of runs were carried out without transplantation. In the first few experie |
ments the dogs were kept anesthetized, or heavily sodated. This proved to be unnccessary and affected the hemo- -

restrained in their movement during plasmapheresis. Thoy were free to eat and drink ad libitum. They seemed "
to be in no discomfort, and urinated freely.

" Dogs subjected to transplantation were first treated by sélective plasmapheresis on 2 consecutive days.
The arbitrary aim was to remove at least 2 L. of the globulin fraction’in each plasmapheresis, requiring about &

4 hr. treatment. Toward the end of the second day's plasmapheresis, they were anesthetized and prepared for the
kidney transplant by exposing the femoral artery and vein. One unit of osmotrol was administered to Increase _“
urine production. At the same time, the donor pig was also prepared.

.

-

The transplant was carried out by a standard technique. The renal artery was anastomosed end-to-end to *
the common femoral artery of the dog and the renal vein was anastomosed to the femoral vein in an end-to-side 0 ‘
manner. The kidney was left external to the dog for purposes of observation and the dog was kept anesthetized.
The urcter was amputated 6 cm. from the pelvis and urine was collected by placing the end of the ureter in 10 ml. |
test tubes throughout the transplant period. Biopsies were taken at the onset of evidence of rejection, which was

. [ P VPN SN

Analytical procedures. Plasma proteins and globulin fractions were analyzed electrophoretically by means
of the Millipore Corp. PhoroScope system. Unfortunately, because of the presence of fibrinogen and traces of !
hemoglobin, electrophoretic analysis yielded exaggerated "beta globulin” values. Hemoglobin, due to its inherent"
color, causes greater adsorption on electrophoretic analysis than warranted by its protein.content. It was, &l
therefore, impossible to correctly estimate low levels of gamma globulins in the presence of these excessive :li.
amounts of proteins in the beta region, and the values tended to be too high. For this reason, chemical analysis !
was also employed. Fibrinogen{29) and gamma globulin(3?) were separated by salt fractionation and determined "'

RE

N o RESULTS '
. . b ]
. A total of 10 dogs have been treated by selective plasmapheresis. Six of these were employed for selective
plasmapheresis only, and have received no kidney grafts. Four others have been submitted to selective plasma-
pheresis on 2 consecutive days, receiving the porcine kidney xenograft on the end of the second plasmapheresis.
In 3 of these significant prolongation of xenograft survival has been obtained. The fourth dog has been treated less
exhaustively, and rejected the xenograft within the usual 10 min. Significantly, with this last dog, about 2 hr.
had passed between the end of the second plasmapheresis and beginning of transplantation. In the other 3 cases,
plasmapheresis has been continued during the first hour of xenograft functioning. Because of the limited time and

¥

data presented wiil serve amply to document the effects obtainable by plasmapheresis alone. It should be noted - !

factors being the composition of the buffer, 'voltage applied, flow rate of the globulin fraction, and pulsatile vs, """
non-pulsatilo flow. e Lo . ' .
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In Table I are presented the summary data on the cicctrophoretic analysis of plasma proteins -of the dogs™
before and after plasmapheresis. Samples were taken from the dogs just before plasmapheresis (marked initial),
and after termination of treatment (marked final)s For second day treatments, the final samples were taken just
before beginning of blood circulation through the grafted kidney. The last 2 lines list the composition of the pooled
globulin fractions from day 1 and 2, of the third dog. The percent gamma globulin reduction refers to decrease in -
final globulin levels, with respect to the initial globulin content on the first day of treatment. It can be seen that
there is a rebound in gamma globulin levels between final values of day 1, and initial values of day 2. As noted - .
before, electrophoretic determination of low levels of gamma globulins in the presence of high concentrations of S
beta proteins is not too dependable and leads to results which are probably too high.

It is for this reason that the plasma samples were also analyzed by salt fractionation methods. The cor=
responding data on dogs 1 and 2 are reported in Table II. A significant decrease in fibrinogen, gamma globulin,
and total proteins can be noted. While the electrophoretic data show relative changes in plasma composition,
these data show the absolute levels. The percent reduction of gamma globulln. expreued in these terms, {s mon

nignmunt than when based on electrophoretlc data. , y .
: KRR P s .' .
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In Table III arc presented more detailed data for dog 3. These data show not only the plasma composition
before and after plasmapheresis, but also at various times during plasmapheresis. The most significant change in
all proteins is scen within the first 15 min. This is due to the dilution of tho dog's blood with the priming saline of . .
the apparatus (about 250 ml.). The total blood flow through the cell i8 high in relation to the flow rate of the globue . -
ln fraction, and, thercfore, there is no significant difference between samplos taken from the blood lines before
the FFE cell (B.C.) and after the tell (A.C.)s During the course of plasmapheresis, large amounts of protein, *

‘ mainly gamma and beta globuuns. ﬂbrlnogen lncluded. are wuhduwn."'rhu is not refloctod In the valuos for tolal
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protein, which stay rather constant, This 18 probably duo to a readjustment of hemoconcentration by the dog. To
obtain an accurate material balanco throughout plnsmaphoresia, ropoated plasma volume determinations would be
necessary.  This has not been attempted.

Column 5 of the same Tablo lists the freo plasma hemoglobine  The problem of avolding hemolysis in dogs
has been mentioned in the scction on buffers, and is more difficult to control than in sheep, horaes, or man,
glucoso being incffective as an osmotic ngente  Nevorthcloss, tho amount of hemolysis encountered accma to be of
the samo order as obtained in heart-lung machinos, and is toleratod by tho animals. Dogs erythrocytes are
notoriously fragilo, and tho pumping arrangomeont also contributes to homolyslis.

Pyt o 1
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o TOTAL ' PLASMA GAMMA GAMMA GL,
i« DAY _SAMPLE} PROTEIN ___ FIBRINOGEN ___HEMOGLOBIN . GLOBULIN ____ REDUCTION
oo fo, ©@m%B)o (mgk) o (mgk) o (mp) .. %)
. , ‘:'f_ . PR TS . RO e e N ‘.'.. L .'v ;'“‘h‘! “_3:‘... e . RS [ [
a® ‘v"“ \ ““d'l Vol 7'11 ot 682 N I ’ '.n‘(.(', P 1.220 Ly e 1 et ) ‘
- . S ‘ 15 PLB.C, | ‘59t .o o418 % 0 "‘ | "‘.11‘:7)"930 o u;:1 . o ,'
D L R N o 5 [ I 7 B LS A= IR L R R
SRR RO " 2407 PLeB.Cy I T 4,28 PN WLigeg tii b e 186 D st Wt geg ISt s
LR 240°PLA,C, V0 - 0 4,18 256 : 161 . . 44 4 ’
goohveringa ot final Al 8098 e 1 810, ity oo rtal 185uannen oifr 6. uvpy 0 88 it
Wlaticl bl . gt RN O ESURY R I PRI 1P RV RITTE A TR TR TR CRTERVATE RV AP
Srasny Sad initial g Be88 g 880 g 8 g TR RO TR R IR PP (e
A e - e s 15' PL'B.C. o 4.26 N . ‘06 . v . . 1 . L, ‘L (XY ) P
R AN LR . rehe R i S b th o grredseneye, RN B B RA R TR TY I ST EY TS SO0
A 15'PL-A.C. T 73,75 365 " gl ey T ) R
TR G IR 180° PL-B,C.0 " ' g, 69 T i VI ggqt T art £ ogg 2 htal,ln e it bty e ":I"j"\l:. o
BERCTR TR 180° PLeALC, T g, et b gng b vt la0e ol 0 togsg t Dl o sk edpdnda ieadl
N R F : 270° PL-B, G, i .t 8,081 346 T v e RBA[ o] it 8800 L v el MT L Tt A 0 oy iR
').1-,;;7"‘:.1.‘},: 1 ¢ A I - LR ot fpoveiy ot ENE -,'_'::)“‘J(,' o
s s, . Samples were taken at indicated times during plasmapheresis (PL), from blood dines before the cell (B, C. ) and after - ;... e T
- a e, o e cell (ACL) ' : oy . BRI LA e,
AU e e T e . S U S A "x.‘.?.'" Lo
v YA e Y TABLE IV AR U hivemdy
“ SR o R : wf g - S TO P X TH
: - ANALYSIS OF GLOBULIN FRACTIONS REMOVED FROM TRANSPLANTED DOGS : .| Sl 5oes 9
. . res e VL oienis
. PLASMA  °. . VOLUME .+ TOTAL  GAMMA .. TOTALGAMMA. . %GAMMA . . . . .
oTine DOG__ DAY VOLUME! COLLECTED ____PROTEIN ___ GLOBULIN ____ COLLECTED CouscTEDd U,
D . ml. . * mb) , . . N . * N , oo .
. Ty, [} e ",'\( ).f‘..Ail)'f:,“’ '( ) o r"'-'(cm ?)-;L.ﬂﬂ ‘,ms ?’0’,.1”}-1‘\'1_:1(,6"‘ ";r-."z"_h!n; S RN jo,jw‘- r»n..!.g"
SO e 08007 A 1,190: N1 1,61 ik i 460 BN Y 8,30 ee gg it g, T
LRLERR S 20d < T TETTT g e00 TVUTLY 1,087 TN g0 TNV 6, 95 it 0] thit a4 gt o T
PRSES S O I ey v : RRAINGL W wohek e C RN, i NEHFPRATES TF
vyt 8T ist o 900 IR 1,95 - : vgpo) 8,88 0 .ty antig BT e .‘,,.1,.:..;:
. NS 2nd SRDRRRNS 0 b re 3.30-"T.:'.¢:.';r.‘.,. v L e
e .. T ) PR Lot ’ I . - _“
7 3-T 1t ' 1,100 > 1,985 .12 31 . 62 - 56 . T
20d 3,65 - - 1,08 . 204 A 6.10 : E1) !

* gstimatcd initial piasma volume of the dog, bascd on an sssumed blood volume of 7. & of body weight, . )
2pescent of gamma globulin collected, from total avallable in dog circulation, based on assumced plasma volume and initial 3
gamma giobulin level,’ :

The data on the composition of the globulin fractions removed from the 3 dogs are listed in Table IV. Ini= »
tial plasma volumes have becn estimated from hematocrit values, assuming a blood volume of 7.6% of body '
-weight(32), It can be noted that cach dog lost gamma globulins in an amount roughly equivalent to the total gamma
globulins available in his circulation at the beginning of the experiment. As the gamma globulin blood lcvels were
not reduced to zcro, there was obviously significant mobilization of extravascular reserves or de novo synthesis -
of gamma globulins. Similar results have been obtained in prior work with sheep, It should also be noted that the"
total globulin volume withdrawn Is greatly in excess of the initial plasma volume of the dog. The plasmaphcresis .

method, as practiced, maintaing roasonably good volume balance ‘of the treated blood, even though relying on elec-
troosmotio offccts alono to achiovo it. o oo . '




-
L]

.. ﬁlor'. ot al. . Soloctivo plaamaphorosis

' vepresents the plasma of dog 3, before any plammapheresis,

for dolny of hotorograft rosponao

Figuro 6 shows typical electrophorctic patterns. The top pattern
The peak due

to fibrinogon is clearly visiblo in the beta reglon.  The eenter pattern i

.r; that of the dog's plasma following sccond plasmapheresis. Reduction in

gamma globulin is clearly viaible. The bottom pattern is that of the globulin

" fraction removed from this cdog on the first day., Obviously, there are prese

ent significant amounts of all plasma protelns. By reducing the flow rate of

* tho globulin fraction, bettor fractionation could be expected,

Blood data on dogs 1 and 2 are summarized in Table V. Data are
included on Initial and final samples of day 1 and inltial data on day 2, fol-
lowed by values obtaincd during the functioning of the xcnograft. The zero

. " timo transplant values (0’ transpl.) woro obtained on samples of blood taken
+ 1 just before opening blood circulation to the xenograft, and represent the g
. final values for plasmapheresis alone, ‘

Corresponding data on dog 3 are reported in greater detail in Table

v.-;:-‘r'x\I
. o - VI. These include samples taken during plasmapherests, before and after
AL . cell, and during xenograft functioning, from the kidney's artery and vein.
w . As in previous cases, significant reductions in platelets can be noted. Be~
Figwe S. Electophorctic paticrns of a causo of the known toxic effects of heparin, as well as changes In blood
dog 3. Pattern a = before plasma- viscosity during plasmapheresis, the differential counts are not as repro»
pheresis, pattesa b « after plasma= duclble as might be desired, but no conslstent chanze is noted. o
pheresis, pattera ¢ = globulin fraction N . .o e 4 . e
removed oa fint day of plasmapheresis. y T .
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'. Nou: No basophils were found in any mnple.
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Because of the involvement of fibrinogen in the rejection reaction, the variations in fibrinogen \mluee dur-
lng the xenograft (uncuoning are reproduced ln Table VII. Significant loss of ﬂbrtnogen le observed. " '
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; The most lmporunt reeult le. of course, the prolongation of the xenoguft tunouon.'end the urine produo- 4
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Examtnuuon of btopsy eamplee taken at varloue times will-be published at a later date. -
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may \vcll depend on the antigen omployed. or.on other circumstances,” il rheop it
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‘Sampxu were taken at the indicated times during plumaphemb (PL.), from blood lines before the cell (8.C.) and after the cell (A.C. )
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DISCUSSION

Selective plasmaphcresis i8 a method whereb} substantial quantities of circulating antibodies can be with-v".

drawn. These are partially replaced by extravascular reserves or de novo synthesis. In prior expcriments with
shccp(as). hyperimmunized against various antigens, it was noted that antibody titers after plasmaphcrosis did

not nccessarily return to pretreatment values, cven though electrophoretically méasured gamma globulin did re= "

turn to its normal level. Some antibody titers romaincd substantially lowered, while in other instances, there
was an incrcase in antibody levels, mimicking an anamnestic response.. ,Tbe responsé to Coloctlvo plumapherelu
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Rior, ot al. Sclective plasmapheroais for dolay of hetovograft rosponso ; .

In this sevies of experiments 1t has been shown that plasmapheresis, carried out immediately hefore xenoe
graft transplantation, can significantly delay tho rojection reaction. While porcine kidneya are normally rejected
within 6-15 min., 3 out of 4 dogs have had survival in excess of 100 min., and onc dog had urine production for
180 min. It is open to speculation whether more exhaustive plasmnphorosis, or combination of plasmapheresis
with immunosuppressive therapy, would rosult in furthor prolongation.

While it Is not excluded that this prolongntlon was due In part to lowering of platelets, compiement titer, '
fibrinogen, or othor factors, wo beliovo that tho mechanism was doplotion of antihodies. These results rcpresent
tho ﬂrst modification of an acuto immuneo responae through tho use of an artificlal=kidnoy=like devico.

H

1

SUM MARY

. Porcine kidney xenografts on dogs are normhlly rejected within 6-16 min. Seclective plasmapheresis per-'
mits sudbstantial depletion of circulating antibodios and results ina slgnl(lcant delay of the rejection reaction,
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