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Introduction 

One of the several immunological abnormalities d~veloping in 

Hodgkin's disease is that of anergy. In order to attempt an 

understanding of anergy, it's manifestations, fluctuations, 

and possible etiolot1, it is first necessary to renew dela7ed 

hypersensiti'rlt7. 

Delay-ed Hypersensitivit7 

Immune reactivity - delayed type 

Immune reaetiTity is characteristically divided into immediate 

or dela7ed type. The distinction is important since the two are 

probably mediated bt different mechanisMS. The immediate 

hypersensitivity reaction is mediated by antibody, and the 

delayed hypersenaiti'rl.ty reaction by cells (1). Two prototypes 

are reco~zed in delayed hypersensitivity, that of infectiTe, 

.~ with Tuberculosis as the classic example, and contact sensitirlty 

which includes a Tati.ety of substances ranging frODl chemicals 

to oily resins of plants as allergens. Investigations of 

infective sensitivity reTeal the protein moiety of bacteria and 

virus, and the polyaaccharide moiety of fungus to be the 

sensitizing constituents (23). In contact sensitivity the 

sensitizing constituents were found to be those which were able 

to combine with prd.teins of the epidermis (8). Arguments favoring 

cell mediation or delayed hypersensitivity vs. blood protein 
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mediation are cited bt Chase (9). First, he demonstrated that 

delayed reactivity could not be transfered from a .sensitive to 

a normal subject by means of serum, but it can be passed by 

cells obtained from lymphoid tissue, peritoneal exudate or 

peripheral blood. These cells are lymphoid in ori~in as 

indicated in suecesstul transferes, and small lymphocytes are 

probably most actiTe as evidenced by their accumulations in 

developing tuberculin reactions. Tritiated thymidine labeled 

cell studies have substantiated this finding (20). Secondly, 

it is noted in clinical states such as kypogammaglobulinenti.a 

that antibody pl'Od.uction ia virtually indetectable while delayed 

hypersensitivity is intact. Conversely, in Hodgkin's disease 

(predominantly early Hodgkin's) there is no detectable antibody 

deficiency, 7et there is depressed delayed hypersensitivity. 

Antigen distribution 

In a recent paper by Nossal and Abbot (21),isotope labeled and 

electron microscope studies of antigens IN VIVO revealed a 

localization or antigen in the draining lymph node following 

subcutaneous injection. More speeifically, the lymph node 

medullary macrophages seemed to avidly phagocytize the anti~ens. 

Heavy labelling was observed over the lymphoid follicles in the 

eortex of the nodes. Electron microscope findings in close 

study of the lymphoid follicles showed the antigen to appear 
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I 
to be predominantly associated with cell membranes of the fine 

reticular cell processes. Small lymphocytes were san.etimes 

noted to cluster a~ound. hea-,y antigen depot sites and occasionally' 

small amounts of label could be seen in the nucleus of small 

lymphocytes. From these observations, one 0 ma7 postulate that 

anti~en is released from the reticular cell depot, penetrates 

the lymphocyte nucleus and play-s an inductive role". With anti~en 

localized in follicles, it is in effect captured and retained on 

the surface of a conff>lex network of fine cell processes. This 

suggests that antigen may- persist, undenatured and highl7 

accessable to adjacent lymphocytes. Ra.ts deprived of small 

lymphocytes b7 chronic thoracic duct drainage fail to respond 

to a primary" antigenic stil'4ulus. 

Tissue respbnse in delay-ad hypersensitint7 

Aisenberg (1) has established ground rules in the study- of 

dela7ed allera, limiting the phenan.enon to skin reactions and 

the slow evolution of such reactions over a period of 24 to 48 

or more hours art.er application of the antigen. This criterion 

is useful in differentiating delayed responses from antibody­

mediated Arthus sk:1.a-reactions as well as eliminating Jones-Mote 

reactivity, an antiren-antibod7 complex, as a possible inducer 

of true delayed hypersensitinty. Subse~uent studies by Raffel 

and Newel (23) proved that the antigen alone as a soluble protein 
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administered by any route fulfilled some of the criterion for 

delayed Jones-Mote reactivity, but found this to be a transient 

phase that was subsequently replaced by a typical Arthus 

responsiveness and eirculati~ antibodies. 

Skin testing for delayed hfpersensitivity 

Delayed hypersensitivity is assessed by the use of skin tests 

employing derivatives of allergens that evoke the response. In 

years past delayed hypersensitivity has largel7 been evaluated 

by tuberculin skin tests; however with fever people in the 

general populace ·· showing no reactivit7 to this test it has 

been necessary- to use other allergens, some determined by locale 

where possibility of exposure is greateat. Some of the delayed 

type allergens that have been and are being used include Purified 

Tuberculoprotein (Pl>D), MulftJ)S skin test, Candida •lbicans, 

Trichophyton, Coccidiodes Imrnitis and Histopluma capsulatum. 

Another technique is that of induced sensitization, which 

eliminates the problem of people who have possibly never been 

exposed to the above aller,ens. These include use of the SCG and 

dinitrochlorobenzene sensitization. The use of dinitrochlorobenzene 

has shown almost universal positive results in normal patients and 

the technique (2) is such that i~plementation of its use as a 

control in skin testing as well as specific studies in aneru 

should be more widely considered and aecepted. Positive reactions 
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occur three weeks followin~ primary sensitization by applying 

a weak solution of DNCB that simulates a delayed response in 

most respects, save for a vesicle formation that occurs . in many 

instances. Another intere!fting techniaue is that of the use of 

depot tuberculin (7). This is the use of tuberculin emulsified 

in lanolin, then blended with paraffin oil, that can detect 

reactivity in persons with BCG Taecination. 

Anergy 

Definition and tests for Anergy 

Having establ1shed some basic concept of what is known of 

delayed hypersensiti'fity a consideration of anergy or depression 

of delayed hypersensitivity is in order. Aisenberg (1) defines 

anergy as an "lllmunological defect ocrurti119 early in active 

Hodgkin's disease characterized by depresssion of delayed 

hypersensitivity and assessed by ne~ative reaction to a battery 

of skin allergens". The basic defect appears to be peripheral 

i.e. a manifestation of abnormal lymphocyte functinn. This is 

in apposition to a central failure. Depressi~n of delayed 

hypersensitivity in the face of essentially nonna.l antibody 

formation and recover;y of skin allergy during disease remission 

imply an intact central mechanism. Abnormalities of Hodgkin's 

lymphocytes IN VITRO and after transfer studies support this 

contention. There seems to be general agreement among authors 



that the lymphocyte is the basic defective element in anergy, but 

there is conjecture about it being secondarily affected by a 

plasma factor (7). 

Occurntnce and variations of Anergy in Hodgkin's and other 
diseases 

The occunence of aner~ in various disease states has in the 

past offered hope of perhaps helping to establish an etiology or 

Hodgkin's disease. The cutaneous exanthu.ms, in particular 

Measles, have been noted to evoke an aner~ic state arousing 

thoughts of possible viral etiology. Neoplastic diseases where 

anergy has been noted include Leukemia, carcinoma, and the other 

lymphomas. Sareoidosis is also commonly known to induce anergy. 

Interestingly Hodgki&'s anergy has been noted to be somewhat 

unique in that it occurs- very early in the active disease while 

the patient is in a cood. clinical state whereas in earcinoma, 

leukemia and the other lymphomas anergy occur• late and when 

the patient is in a poor, nearly tenninal clinical state (cachetic 

anergy) with leukocy,te and immunoprotein abnormalities. 

ConTersely, in Hodgkin's, anergy is noted early when the lymphoid 

cell is present in normal quantities and there are no demonstrable 

antibody deficiencies (16). Sarcoidosis anergy on the other 

hand, precipitated by a ~eneralized granulomatous process can be 

reversed by the "depot tuberculin" technique already mentioned as 

well as cellular transfer of immunocompetant cells (9,17,18). 
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Attempts of reversing anergic states in Hodgkin's by these 

methods however have failed. Likening of failure to exhibit 

tuberculin reactirl~ duri~ measles or cutaneous exanthums 

has drawn criticism on the basis of altered skin in these viral 

infections. It has been noted that this failure has been 

induced by measles vaccine as well (28). 

Fluctuations in the Anergie State 

An observatinn of anergy development (24) by use of the 

tuberculin test in Hodgkin's disease in four instances, 

revealed a time of 2,3,5 and 8 months. Unfortunately, a survin.l 

time has not been established which might offer a form of 

prognosis. However, because of the decreased incidence of 

tuberculin reactivit7 and few instances of chance tuberculin 

skin testing on indirlduals eventually affected with Hodgkin's 

disease, it would appear to leave much to be desired as any kind 

of useful prognostic tool. Observed nuctuations in the anergic 

state however, do seem to renect the activity of the disease. A 

reversion to tuberculin reaeti vi ty was correlatE·d with clinical 

improvement, whereas ·continued anergy represented no change or a 

worsening in the clinical state (27). Aisenberg (3) states, 11A 

recovery from anergy should represent a reversion to normal 

metabolic pathways within the potentially imnrunocanpetent cells, 

or within other cell types in which metabolic products might 

arise that would affect the immunocompetency11 • Fluctuations 
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noted in anergy to the contact allergen dinitrochlorobenzene 

showed conversions to positive reactions by (a) irradiation 

therapy, (b) uniformly in patients where the disease was inactive 

.for a period greater than two years, and(c) occasionally in 

patients where the disease was inactive !or a period of frOlll 2 to 

24 months. Reconversion to tuberculin reactivity occurs as a 

result of remission by X-irradiation, alkylating agents or 

steriod therapy (27). 

Cellular transfer of Hypersensitivity 

With Lawrence's (17) demonstration of transfer of tuberculin 

sensitivity by use of immunocompetant cells of humans sensitive 

to tuberculin, it was not long before workers began to utilize 

this finding attempting to demonstrate a response to cellular 

transfer of hypersensitivity in sarcoidosis and Hodgkin's (12). 

The technique employed as in Lawrence's ori1inal work was by 

intradermal injection of dense suspensions of peripheral white 

cells taken from tuberculi~positive donors and testing the 

individuals in the same sites one day later with tuberculin in 

Sarcoid patients. Cellular transfer in Hodgkin's patients consisted 

of cells from donors who were sensitiTe to various test materials 

of microbial origin and in a few instances to DNCB. Almost 

universal success was encountered in sensitizing normal recipients 

as was that to patients with Sarcoid, at least on a transient 

basis, with reversion to •ner~ic state at 3 to 4 weeks later (29). 

In Hodgkin's disease, in contras•, attempts at adoptive transfer 
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by living cells have so far failed. 

Transfer Factor 

Lawrence's use of disrupted cells gave results equivalent to 

those obtained by the U3e of intact lymphocytes in transfer of 

delayed hypersensitivity. The active principle was termed 

"transfer factor". Transfer factor can be freed from "competent" 

lymphocytes from the peripheral circulation by (a) ~ter lysis or 

(b) soaking the cells in specific allergen, thereby serving 

essentially cOJ11plete removal without disruption of cellular 

integrity. "Transfer factor" has been found to be a dialyzable, 

non-protein substance with a molecular weight of 10,000 which is 

not alterable by DNase or ft.Nase (29). 

1'aram and Masko (6) have reported a dialysable substance in 

peripheral WBCs .fr011 PPD sensitive human donors that is capable of 

causing the conversion of PPD negative individuals to a positive 

state. 'nQ.s appears also to be "transfer factor" as reported by 

Lawrence, but allows some conjecture as to a possible antibody 

molecule sub-unit of the cell. 

Degrading Immunocomtetant cells 

It would appear that this very 3ignificant finding in Hodgkin's 

patients or failure of cellular transfer of hypersensitivit7 by 

i.mnmnocompetent cells may well be a correlary to the failure of 

the patient's own once immltnocompetent cells. Therefore it is 

imperative to summarize Chase's (7) ideas on de~radation of 
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immunocompetent cells. He reasons that with failure of cellular 

transfer of kypersensitivity in the patient with H~kin's 

disease, some mechanism must exist whereby the immunocampetent 

cells or transfer factor is rendered inactive. He ventures 4 

possible mechanismsand makes his case for a possible plasma 

factor other than antibodies which de~rades competent cells. He 

rejects the possibility of complete lmmunocompetence of the cells 

in Hodgkin's disease on the basis of available mechanisms of cell 

destruction. The3e are (a) contactual ag~lutination - attachment 

of patient's lymphoC',Ytes or macrophages to the donated cells 

serving as the target cell and (b) an interaction that results in 

injury and eventual cytolysis of both the target cell and the 

attacking cell. This has been noted to occur, by the use of 

lymphocytes from speeifically sensitized animals and by use of 

peritoneal macrophages not lymphocytes and "is difficult to 

conceive that these mechanisms could be used by the Hodgkin's 

patient with the high degree of anergy with respect to delayed 

type sensitivities". He also doubts the possibility or continuing 

S¥J1thesis of an antibody directed against all white cells since 

autoantibody has been detected in Hod~kin's patients only with 

associated hemolytic anemia. Likewise the concept of immunolo~ic 

unresponsiveness or "paralysis" is rejected. 
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Non-antibody plasm.a factor 

A good case is made for possible presence of a non-antibody 

plasma factor that acts to degrade immunoc.ompetent cells and 

perhaps affect "tranafer factor" as well. Experiments employing 

immunocompetent cells incubated with mitOJllY'cin C (which blocks 

production of new messenger RNA) showed that after stored RNA and 

DNA were used, hardly- any sensitivity was exhibited to allergen 

in injected animals. Similarly, incubation of immunocompetent 

cells with ribonuclease, which also interfers with protein 

synthesis, but does not cause cell death, resulted in a pronounced 

decrease in capacity to elicit hypersensitivity reacti,ns. This 

offers evidence that competent cells can be altered by special 

environmental factors and yet remain alive. Chase thus establishes 

a basis for a possible plasma factor that degrades immunocompetent 

cells • .1.his seemingly opens the door for many avenues of continued 

and extended research in this area and has possibilities of 

discovery even beyond that of adding to an enlightenment of 

~ergy in Hodgkin's. 

The status of the 11,mphocyte-eellular responses 

The cultivation of immunocompetent lymphocytes with antigen has 

been accaaplished and results interpreted as representing delqed 

hypersensitivity. In one report (5) lymphocytes from tuberculin­

sensitive persons, cultYred with tuberculin IN VITRO were found 
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to be stimulated to increase in size and divide. Response was 

measured in terms of the number of blast cells plus cells showing 

mitotic figures for11ed in 5 days. Various antigens employed 

include tuberculin (PPD), pertussis vaccine, tetanus toxoid, 

diphtheria toxoid, and penicillin. Addition of crude 

phytohemagglutinin causes even more dramatic responses. It has 

been debated whether this represents a pure delayed type 

hypersensitivity how·ever. Assuming that this represents delayed 

sensitivity, studies by Hirschhorn (14) have shown that in 

patients with Hodgkin's and Sarcoidosis there is a "reduced or 

absent responses of their lymphocytes to specific antigens 

IN VITltO, millicking t.heir anergy IN VIVO". 

Hirsh and Oppenheim (13) demonstrated that PHA was much less 

effective as a mitotic agent for inducing blast forms in the cells 

of patients with Hodgkin's than it is for nonnal cells, and that 

anergic patients with Hodgkin's disease showed less transf'onnation 

with Pill th~n those who responded to at least 1 intradermal test 

material. This demonstrates that PIA response was clearly 

associated with the cell. However, on examination of plasma 

factors, a suspension of nor11al cells was added to the plasmas of 

3 patients whose cella-plus-plasma showed impair!llent of PMA 

stimulation. In two cultures of this cell sample, mitof!enic 

~esponses were normal. In the 3rd culture, the cells died in the 

presence of the patients plasma, a finding that led to a further 
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experiment of interestinc outcome. The cells of the patient 

furnishing this plasma were transfered to nonnal plasma and were 

here found to acquire partial responsiveness to PHA. This 

suggests that plasma factors may be additive at times in 

determining a low PHA response, and adds sane basis for Chase's 

concept of a plasma factor. 

The Thymus 

The Thymus has been 3hown to control the distribution of 

lymphocytes in the very young and has been thouf!ht to exert a 

measure of control eTen in the mature. It has been suggested to 

haTe a role in sustaining the mechanism of 1:mmunologic unresponsive­

ness. Thymeetond.zed neonatal animals exhibit anerfey' among other 

immunologic abnormalities and thus warranted attention on the 

basis of a possible similar existing mechanism in Hodgkin's. 

There are some corresponding conditions in the thymectomized 

animal to the wasting condition which is characterized by 

lymphocytopenia, severe depletion of tissue lymphocytes, diarrhea 

and eventual death (11). Recent evidence however, particularly 

the absence of wasting in 'bbJllectomized germ-free animals, points 

to an infectious etiology of this syndrome (19). Also it seems 

unlikely that the tllymect0l1'1-wasting syndrome could account for 

the form of present•tion of localized Hod~kin's di9ease, the 

histologic picture (Reed-Sternberg cells) or the chills, fever 

and leukocytosis of the di3seminated disease (4). Aisenberg (4) 
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further found that th&'mectomy beyond the neonatal period does 

not lead to significant immunological impairment. other 

observations in the neonatally thymectomized animal in contrast 

to the Rod~kin's patient are those of frequent occ'llldllce of early 

lymphocyte depletion and a depression of antibody formation which 

may parallel the dep•ession of delayed hypersensitivity. 

Homc,craf't reaction 

There is not general agreement among authorities about the 

homograft reaction and it's possible col1!-claey to anergy. 

Rejection of skin hoaografts is mediated by a cellular mechanism 

under most condi tion'3 and in Hodgkin's patients, skin homografts 

survival rates are reported to be abnormal in that over one half 

survive 30 days or longer (15). Similar findings in disease 

states that involve antibodf depre3sion clouds any clear cut 

conclusions. It is interesting that in animal studies, lymphoid 

cells incubated IN VITRO with homologous RNA has resulted in a 

heip:htened immunity to skin homografts (20). This may implicate 

a deficiency of sorts of RNA at the cellular level in homograft 

rejections in Hodgkin's disease. 

Another line of study involving tissue transplant is that of 

observation of cellular response occuning in draining lymph nodes. 

The general reaction is that of large lymphoid cell formation 

occuering in the cortex 3 to 4 days later by virtue of their 

transformation from small lymphocytes. Particular interest has 
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deTeloped in that anillals rendered immunolo9ically unresponsive 

to sensitization with DNCB have failed to develop any significant 

increase of the large lymphoid cells. This may represent a 

prototype of anergy, and further studies may be rewarding (7). 

SU111118.ry-

Delayed hypersensitivity has been reviewed. The single most 

important concept is that of antigen distribution and the 

postulation of its induction role on the lymphocyte from its 

depot site in lymphoid follicles. 

The basic defect etusing anergy in Hodgkin's disease appears 

to be that of abnonn.al lymphocyte function as evidenced by 

abnormalities uhibited by Hodgkin's lymphocytes in cell culture 

and transfer studies. 

Anergy in Hodgkin's patients is somewhat unique in that it 

occurs early in the disease state as opposed to "cachetic 

anergy" in other neoplastic diseases. As compared to anergy- in 

Sarcoidosis, there is no reversibility of the anergic state on a 

temporary basis indicating that anergy seems to be more profound 

in Hodgkin's disease. 

Induction of anergy after disease onset has been observed to 

vary from 2 to B months. Reconversion to delayed reactivity 

occurs as a result of remission by X-irradiation, alkylating 

agents and steroid therapy. Conversions to positive reactions 

occures uniformly in patients where the disease is inaetive for 
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a period greater than two years, and inconsistently where the 

disease is inactive from 2 to 24 months. 

Attempts of cellular transfer of immunocom.petent cells and 

ntransfer factors" ia Hodgkin's patients have failed. This 

seems to imply the existence of some mechaniSJll that degrades 

immunocompetent cells and or "transfer factor". There is som.e 

evidence that possibly a noa-antibody' plasma factor may be 

responsible for the degradation of the immunocanpetent transfer 

cells and may well represent the cause or failure of the patient's 

own once i.mnmnocmpetent cells. 

The study of thymectomized neonatal animals and h0ntograft 

reactions in animals seems to substantiate the role of the 

lymphocyte in anergy. There are indications of cellular RNA 

deficiencies in Hodgkin's lpphocytes in homograft studies. 
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