
M[CF~OB!OLs AND IMMU~,W:2Y 

S E R O L O G I C A L  A C T I V I T Y  OF T I S S U E  L I P I D S  IN MAN 

N . M .  M a z l n a  

lmmunochemistry Laboratory (Chief - Prof. V,S. Gostev) 

Imtimte of E• Biology (Director -Prof .  I.N. Maiskil) 

Acad. Med. Scl. USSR. Moscow 

(Received June 13, I957. Presented by N.N. Zhukov-Verezhnlkov, Active Member Acad. Med. Scl. USSR) 

The Immunological specificity of llpids has been studied little as yet. A number of works h,ave been pub- 
lished [~. 8, 9] in which alcoholic extracts of different organs of various animals have been examined serological- 
1)'. The authors have proved indirectly that lipids possess z species and organ specificity. Recently. some Invest i -  
gators from other countries have studied the active lipid components isolated from tumor tissue [10, 11.12]. When 
rabbits were Immunized with the mitochondrlal fraction of rat lymphosarcoma, complement-fixing antibodies 
were fo[med which demonstrated a relatively high liter against the lipid componeLlts of this fraction. The anti- 
sera obtained did not react in the complement-fixation reaction (CFT) with lipid haptens from the tissues of rab- 
bits, gul~ea pigs, mice. humans, or large cattle, The authors concluded from this [13] that lip!ds possess a spe- 
cies specificity. Ravlch-Shcherbo and associates brought forth evidence in a series of papers of the antigenicity 
of llpids and proved the presence of a species immunological specificity in substances of a lipid nature [5]. The 
sera of rabbits, which had been immunized with an emulsion of dog cardiolipid in a physiological solution, gave 
a strong positive reaction in the CFT with dog ltpids and a weaker reaction with lipids of otAer animals (bovine, 
rabbit) and humans. 

The dearth of knowledge about the immunological specificity of llpids no doubt arises from the fact that 
a study of liplds Is difficult because of their marked antlcomplementary effects and their insolubility in a phys- 
iological solution - the usual medium for all serological reactions. Immunological results of a complete sero- 
logical investigation of lipfds c~nnot help being influenced by the application of organic solutions - alcohol. 
ether, acetone, benzene, etc. - i n  which the Uptds are easily dissolved. 

The purpose of the present work was a descriptlon of several new procedures, which facilitated a serologi- 
cal stud), of llplds, and a statement of the results of their Immunological specificity. 

M E T H O D S  AND RESULTS 

The experimental liplds were extracted with chemically pure ether from normal and malignant tissue from 
the stomach and spleen of humans. The lipid fractions were dissolved in ether, warm alcohol, and acetone with- 
out a sediment, and in water they gave unstable emulsions. The presence of glycerln was demonstrated by a pos- 
itive aerotein reaction. Serological analyses were done on the free liptds, which were extracted directly from 
the tissues In a Soxhlet's apparatus, and on the bound liplds, which were extracted with ether and then weakly 
hydrolyzed with 0.1 N acetic acid. The obtained ether extracts were dehydrated with heated sodium sulfate for 
t emowl  of all water-soluble substances and were evaporated until dry In a water bath at 40 ~ after which the dry 
residues, brought to uniform weight, were dissolved In a specific volume of pure ether. 

Portions of Whatman No. 1 chromatographic paper were weighed on a tonlon balance (10-15-20 mg) and 
were ~aturated wtth eq~al quantifies of the ether solution of liplds. The ether quickly evaporated, and the lipid- 
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ue~ted l~l~r was t~kr a~ the tcs~ ant!gen for the sem!oglcal lnvc~ttg*fion. For ~,erolog~cal properties cf the 
p ~ r - f i x e d  llp~ds we used the quantitative CFT ~t 5fY~: titer, dew:loped In the He~delbeo'ger labor~to~y and 
slightly modffted by A.P. Konikov [3]. At the ,~g~::.,:aon of V.S. Go~tev ~:e applied the. " p a ~  ~ azo-antlgen of 
N.A. shagynova [G] tn the CFT ~t 5C~a t~ter. Squ~es of p a ~ r  Up:Id-~,n~gen w~re cut into sin.ell pfece~, and the 
expertmentel serum, complement (atw~y~ !ri exce~), and phy~tolo~c~.l solution were ~dded to them. The stand- 
ard hemolytic ~ystem ~a~ u~ed fez the reve.e~ tlt~a~on of free complement not bo~md by a ~pecifle complex. 
The deg,'-,~ of hemoly,~ wa~ de~:-~ ; ~ d  by au ek:e:rophote, eolor;~metee. The: ,.::mb~r of f~e, ~m~t.r of comple-  
ment were c~lculated ~ccordZng to Sic formula of Crook: 

log• = logXl - nlog ~ ,  
100 - y 

uhere. X z is t~e volume of mi• c~pabte of pmduclrig 50~[~ hemolysf~; X t f~ the votum~ of experimental sus- 
pension; n = 0.2 (constant va!ue)~ yln the Fe~ce~,t of hemolysl:. The unit of complement was that amount 
which produced 50% hemolyst~ under the cor, dP.ioa~ of the e• In order to avotd pzotraeted calculatiom~ 
a direct graphic relatlonshlp wa~ es~bl!gb.ed ~::~t~,:een the electrophotocolor!met~r!c readings and the numbe'~ of 
free units of complement. The difference In the units of free complement Iv. the control and experimental test 
tubes served as an Indicator of the n~,mber of unfu of bound co~nplement taldng part In the formation of a speci- 
fic compound. 

In the tnvestlgat!on of the ~erological activity of human tissue lipid$, serum from horse No. 343, which had 
been Immunized with human tissues, wa~ used as an antiserum. A natural lipid substance was taken as a control - 
butter, which could not react with ~ serum because of a different species specificity. The results de- 
monsuated a specificity: human tissue llplds, fixed 0n pacer, bound complement with "antlhuman" serum, while 
butter, Impregnated on paper, d{d not react with this antiserum. 

TABLE 1 

CFT at 50% Titet With 15 mg "Paper" Lipid-Antigen (in units of complement) 

Date of experlme:~-t 

June 19-20, 1956 

August 1-2, 1956 

Lipid test antigen 

Saline extract of human 
spleen 

Butter 
Control: 

corn pleme m 
lerum 

Saline extract of human 
stomach 

Butter 
Control: 

complement 
selum 

Control 
antigen 

24.2 
24.2 

28.3 

5.53 

5.43 

10.6 

Normal h0tse serum ! 

"free 

2 4 , 2  �9 

24.2 

28.5 

5.15 
6.00 

9.85 

Hor~e se~um No. 343 
units of com~l.emc n t  

bound free bound 

0 13.55 10.65 
0 24.2 0 

24.2 

0.38 0 5.53 
0 4.65 0.78 

9.85 

For further proof of the specificity of the reaction of human tissue Hplds and antiserum, another control was 

set up. namely; the reaction between 11plds and normal horse serum, whlch did not possess an antibody against 
human tissues. In thls case the complement was not bound. The same results were obtalned In other CFT wlth 

human Hpld tissues and horse scra as well as rabbit sera. Hence, human tissue liplds reacted speclflcaIly with 

mantlhumanQ sePJ ITI. 

In view of the fact that milk Hpids, such as the butter, could be completely different according to their 

serological proparfleh in further exp~,dments we replaced the butter with Hpfds, exuacted by exactly the same 
techMque as in the first ex~arimcnts, from stomach and spleen t!~ue~ of large cattle. "An~dhuman * horse serum 



No. 343 snd normr horse return wet* u,ed a~ the ~nttseta In the, e e• The findings, presented in Tsble 
2, Ind~.c~ted th.~t hu,~an Hp~d th~ue~ reacte.d decisively with ho.,,e serum No. 343 ~g0~tn~t human t~s~e, specifi- 
cally binding complemec.t to it. I~u~. bovine t~sue lipid, did not teect with this serum; neither human lipid, no~ 
bovine lip~d~ reacted with normal ho:~ ~erutr~ no~ possessing a cotre_q>ond~n~ ~nflbody. 

T A B L E  2 

CFT ~t 5(~ Tiler Wt~h "Pap~" Lipid-Anflgen~ of 

Species Sov~ce of 
llpld* 

Human 

Large cattle 

Con~ol  

Lipids from saline tissue 
expects 

Malignant stomach 
Normal stomach 
Spleen 

Normal stomach 
Spleen 

Complement 
Serum 

Humans and L~rge C~ttie and Antihum~n Horse Serum No. 343 

co, ol ,n [ Ho ,o s ,um No. 343 
tlgen, urdt~ - -  

of comple- free 
ment 

15,2 15.33 
19.6 18.87 
19.5 18.9 

10.4 10.28 
11.24 12.0 

19.3 
18.13 

unlt~ of complement 
bound free bound 

0 11.86 3.34 
0.83 16.17 3.43 
0.6 17.4 2.1 

0.12 10.0 0.4 
0 11.10 0.14 

18.43 

The obtained data give r l~ to the assumption that there was a species specificity present in lipid fractions. 
For proof of such a pos~lb~Hty a number of cross-reacflom were established with tissue llptds of different animals. 

P, eclpltating sera used in the Investigation were obtained from the Scientific Research Institute of Foren- 
sic Medicine of the Ministry of Publlc Health USSR. From Table 3 It Is seen that Hplds extracted from the 
stomach tissue of the cow reacted with p:ectpltating anti-bovine serum and did not react with and-dog serum. 
On the other hand, llptds from the ~wmach of the dog bound eomple.~ent with anti-dog serum and did not react 
with serum against large cattle. From the results of December 28~ and 29th, 1956, It Is seen that In the sys- 
tem of tissue liplds of dogs + serum against large cattle there occurred a rather noticeable nonspeciflc binding 
of complement (7.62 uMt*), but the specific binding of complement was considerably less (19.3 units). 

TABLE 3 

Cross-Reactions of CFT at 5 ~  Tlter With Tissue Ltpids of Various Species Origins 

Date of experiment 

December 26-23, 
1956 

Species source of liptds 

December 28-29. 
1956 

Dogs 
Cow 

Control: 

complement 
s e l r u m  

Dogs 
Cow 
Control: 

complement 
s e r u m  

Control, 

unit of 
corn - 

24.5 
25.2 

25.2 

30.0 
30.0 

30.0 

Precipitating serum a g a i ~  tissue 
dogs ____. ~ g e  cattle 

free 

18.7 
23.7 

25.4 

10.7 
30.0 

30.0 

uni~ 0 corn lep_le_m_cnt 
free bound 

5 . 8  

1.5 

19.3 
0 

23.5 
19.3 

24.9 

22.38 
13.68 

30.0 

bound 

1.0 

5.4 

7.62 
16.32 

Because of the strong anticomplement~ry action existing in our ~/stem of precipitating sera, we tested 
the serological propertie~ of tis;ue lip[ds by the othe.r quantitative serological reaction, the specific increase 
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of p~oteln In the "paper" antigen, which was developed In our labo~a~oty by V,S. Gostev. D.G. Grlgorla~ studted 
tSe serological properties of desoxyrlbotmcleoproteins In this reaction [ 2 ] .  

The preparation of the "paper" lipid-antigen was the same ,~ la the setting up of the CFT at 50% liter. An 
accurately weighed sq~Jare of chroma{ographlc paper with ltptds fixed on It was placed art the depressed surface 
of a concave slide (Maksfmov chamber) and 0.3 ml of whole serum was added to It. The "paper" at~tigen and 
the treated ser~m were then Incubated at room temperatur,~ in a humid chamber for one hour, ~ftet which the 
umtabt)--fixed inoteim were washed off with I/tree changes of a physiological solution during t~r course of a min- 
ute. After washing, the nitrogen content was determined three times by the Conway method. The experiment 
was always aceomF~nled b 7 standard controls of the reagents, the rJtrogen content in the adsorbent - the pyJre 
chromatographic paper - and the nitrogen content in the adsotbei:t impregnated with the experimental lip~ds and 
the untreated sera. A little protein was detected In the pure ~dsorbent, which was probably due to a small amount 
of protein Impurities In the paper. We did not succeed In demonstrating 20 mg lipid fractions by the Conway 
method. A specific Increment of protein was tested In ti.ssue liplds from the stomach and spleen of large cattle, 
dogs, swine, and man. For antlsera we tried precipitating rabbit sera against the tissue of man, dogs~ swine, and 
large cattle, horse antiserun: ,*co. 343 against human tissue, and normal horse serum. 

We were abte to compare q::andtatlvely the protein increment In the lipid system - the homologous serum 
In the species relationship from the sarnc lipid system with other sera, both normal and that obtained against 
other animal species. 

TABLE 4 

Cross-Reactions of Protein Increase in rag, Using _,~' r~tJ * P ~ r " .  Antigens of Unlike Species and Sera 

Species origin of tissue 
lipid 

Dog 
Large cattle 
Swine 
Man 

Nitrogen tn 
lipid anti-  

0 

0.0 
0.00875 
0 

0.2100 0.1400 
0.0262 0.1925 
0.1400 0.0787 

0.2887 

Adsorbent + l i E .  ? 2 : , ' ~ 5 : : 2 { c a ~ r a  against t i~ue ....... 
d-~gs . . . .  r ~ ~.wine large (serum 

. . . . . . . . . . . . . .  No. : 3 4 3 )  

O. 0 :: 2~~ 

0.1137 
0 .2625  : 

0.3062 

Specific pro- 
tein [nezease 

50.0 
69.3 

87.5  

0.5250 71.4 

iw~ Table 4 some cross-reactions are presented of the protein increase from dog, swine, bovine and human 
llplds. From Table 4 It is seen that dog liplds in the compIex with serum against dog tissue gave a specific pro- 
rein Increase of 50% in comparison with the nonspeciffc increase in the system of these same liptds and sera 
against tissue of man. large cattle, and swine. We observed an analogous picture with bovine, swine, and human 
llplds - a  definite specific protein increase of 71.4%, 87.5%, and 69.3% In the presence of homologous serum In 
the species relationship. 

The given reactions of a specific Increase of protein completely corroborated the results obtained in the 
CFT at 50% tiler: Hptds fixed on paper gave a definite specific reaction In the presence of homologous serum 
In the species relationship. Evidently, the ether-solu~ble fraction of animal tissues Is characteristic of the species 
specificity. Extraction of the tissue "Hptds" with ethe~ after acid hydrolysis of the tissue extracts must have led 
to decomposition of the lipoprotetns. We were not able to detect nitrogen ln the  consumption of the 20 mg lipid 
fraction, and this indicated that there were no protein impurities in the fraction. However, we could not exclude 
the pessibilIty that there might be nitrogen present in the experimental fractions in such negligible amounts that 
we could not determine it by the Conway method. Therefore, in Speaking of Uplds at the present time, we are 
referring to lhe fraction In which there are possibly infinitesimal protein impurities. 

A more elaborate clarification and study of the immunological specificity of llplds Is the objective of our 
further Investigations. but this does not prevent at the present t ime a Study of the serological properties of the 
paper-absorbed llptds and other substances Insoluble in physiological solution, which are used In the CFT at 50% 
tiler and In the protein-increase reaction. 

"Fne "paper" lipid antigen technique Is highly sensitive and can serve as a quantitative determination. It 
permits a comparison of the serological activity of different antigens independent of their andcomplementary 
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~cttonl In te~c~o.~s of ~ ~pecffic Increase of [~otet)~ It can utlllze sera h.:~it~g ~ high a~ttcc~npternent~ty ~ct~on; 
the p~e~eq~ds~es of fl~e deslg~ate.d re~ct~on~ ~re more standardized than In the ust~l classical EFT; ar~ app.~al.~l 
of tesult~ [~ more oblectfve and pe~.~e-~e~ t. numerical tnte~p~etat~o~ In unt~ of boun~ eonaplew.cn~ or In m!lli- 
gr~.ms of p~otd n. 

SUMMARY 

A method of serologic~l qumn~taOve reaction was d,-~veloped with lt~id test-antigens fixed on paper. I.e., 
complement fixat~o~ ~e~t with 5~7~ titet and re~_ctton of specific ~ddltion of protein In "paper" ~ntigen. The sero- 
logics! act lvl~ of varlou~ tissue llpids (free Hp!d~) Isolated dkectly from the tl~sue~ and combined (obtained 
from the s~/J~e extracts Mter preLtminaD' hydrolysB) w~s demon.~tsated by theee methods. Tissue llpids of man, 
dog, swine ~r~d large cattle react only with homologous antiserum. 

This allow~ the suggestion that the tissue Hp~ fr~cOon Is species-specific. 
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