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ABSTRACT 

The objectives of this study were: 1) to confirm that transfer factor (TF) (also 

known as dialyzable leukocyte extract) can be extracted from human urine; 

2) to develop a more efficient method of extraction, and; 3) to determine the 

molecular weight of the TF in urine. The study used urine from donors 

with known skin test reactions to purified protein derivative of Seiberts 

(PPD-S) and coccidoidin immitis (cocci). For the first study, a forty-eight 

hour catch of urine and bovine leukocytes were divided into aliquots and 

processed using dual acetone precipitation followed by dialysis through a 

6,000 molecular weight cut off membrane under negative pressure for 4 to 5 

days to extract the TF-like substance Results confirmed that TF activity 

could be derived from human urine, and that this procedure could be used 

with blood to extract TF. In the second study, tangential flow filtration 

combined with stirred cell final filtration and dual acetone precipitation 

required only 10 hours to produce TF activity nearly identical to the first 

study. The stirred cell and acetone procedure could also be used to extract 

TF from leukocyte extracts. Concentrated urine aliquots placed in 

equilibrium dialysis membranes demonstrated that the most active fraction 

was the 2,000 dialysate which was consequently subjected to Fast Atom 

Bombardment (FAB) ionization using a four sector mass spectrometer. 

This produced two groups of activity: one between 1270-1510, and the other 

between 1880-2142 daltons. In conclusion, TF can be extracted from human 

urine. Tangential flow filtration followed by stirred cell filtration can be 
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used to extract the active substance, and the molecular weight of the active 

substance in urine TF is between 1279-1510 or 1880-2142 daltons. 
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Chapterl 

INTRODUCTION 

Transfer factor (also known as TF or dialyzable leukocyte extract) is a 

substance produced by the T-cells of humans and other mammals (1). The 

term "transfer factor" was originally defined by H. Sherwood Lawrence as 

"a convenient designation for the material extracted from leukocytes which 

was responsible for the transfer of delayed type hypersensitivity (DTH) to 

non-immune recipients"(2,3). Although this definition was adequate for the 

time, the term "transfer factor" is now reserved for the components of 

dialyzable leukocyte extract that mediates T-Iymphocyte responses of an 

antigen specific nature (4). It must also meet the following criteria: 1) It 

must passively convey a delayed-type hypersensitivity (DTH) (5,6); 2) the 

DTH must be independent of antibody production (7); 3) it must be antigen 

specific (8,9,10); 4) the passive antigen specificity must be transferred 

between species (1,10,11); and 5) the molecular weight must be < 10,000 

daltons (6) 

Previous Studies 

Despite the fact that it was discovered over 35 years ago, transfer factor(TF) 

is still an enigma in immunology. Neither its chemical identity, molecular 

weight, or its exact mechanism of functioning are fully known (3). Despite 

these limitations, transfer factor has been successfully used clinically to 

treat a number of difficult diseases believed to be associated with defects in 

cellular immunity (3,12). 
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The importance ofTF began in 1891 when Koch injected the skin ofa 

previously sensitized guinea pig with a sub-dermal injection of tubercule 

bacilli. Instead of developing the immediate and acute Arthus type reaction 

seen in antibody mediated reactions, there was a delay of 24-48 hours after 

which an intense area of inflammation appeared at the site of the 

injection(13). Koch later referred to this as DTH(13). What distinguished 

DTH from the Arthus type reaction was not only the delay in reaction time 

but that it also could not be passively transferred using serum from the 

sensitized animal (13). Even though this was a significant discovery, little 

was done with it until 1942 when Landsteiner and Chase showed that 

delayed cutaneous sensitivity to simple compounds could be transferred by 

the injection of whole leukocytes from peritoneal exudates of sensitized 

guinea pigs (14). Shortly after, Chase successfully transferred sensitivity to 

PPD by injection ofleukocytes from sensitized to naive guinea pigs (15). 

Subsequently, Jeter transferred tuberculin sensitivity to non-sensitive 

guinea pigs using only the extracts of leukocytes (5). This was closely 

followed by Lawrence's demonstration of a similar phenomenon in 

humans (16). These experiments brought into focus the presence of a 

substance or substances (but not the leukocyte itselO that was capable of 

transferring DTH; i.e. ,these experiments by Jeter and Lawrence sowed that 

cell products and not just the whole cell were responsible for conveying the 

information. This laid the groundwork for the subsequent discovery of the 

many other cell products involved in cellular immunity. The above 

experiments also brought into focus the role of cellular immunity as 

separate from humoral (antibody) immunity, in that the passive transfer of 
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immunity did not convey antibody sensitivity nor the type I hypersensitivity 

response associated with humoral immunity (3). To meet the criteria for 

passive transfer involving cellular immunity, a substance must: 1 ) have 

the ability to passively convey DTH; 2) be independent of antibody production 

(i.e. it cannot be transferred by serum; 3) be antigen specific; 4) have a 

molecular weight of less than 10,000 daltons. Later research showed that 

TF could be transferred between different species such that TF from bovine 

sources could be transferred to humans or other animals and could 

produce the same reaction in the animal to which it was given as it did in 

the animal from which it came(9,10,ll). Thus was added the additional 

criterion of being transferable between species. 

Clinical Uses 

TF has been used to treat a variety of diseases unresponsive to other 

therapies (1). It has been successfully used to treat deep disseminated 

fungal infections, e.g. coccidioidomycosis (17) and histoplasmosis that had 

been unresponsive to Amphotericin B (18). Chronic mucocutaneous 

candidiasis, a superficial fungal infection has also been successfully 

treated (12, 4, 19). Infectious viral diseases such as Herpes zoster, Herpes 

simplex (20, 4, 12). Disseminated vaccinia, cytomegalovinls, and varicella

zoster have also been treated, with sometimes striking success (3, 19). 

Mycobacterial infections, e.g., Lepromatous Leprosy (21), miliary 

tuberculosis (3) and Mycobacterium fortuitum (22), have also shown some 

response. Mycobacterium fortuitum is the second most common cause of 

Mycobacterium disease in patients with malignancy resulting in severe 
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medications (23). 
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Other diseases showing clinical response to TF include Behcet's disease 

(12, 4), laryngeal papillomatosis (1), myasthenia gravis (12), psoriasis (12, 4, 

24), atopic dermatitis (20) and alopecia areata (4,1). Even congenital 

immunodeficiency disorders including Wiskott-Aldrich syndrome (3, 25, 

26) and, Ataxia-telangiectasia (18, 3) have been treated with some success. 

Therefore, despite the lack of purification and identification of the 

molecules involved, the value of TF as a therapeutic agent has been well 

established clinically. 

Determination of molecular weight 

Despite its wide clinical applications and its discovery more than 35 years 

ago, no standard method of extraction or of partial purification has been 

adopted. Partly because of this lack of a standard method of extraction, even 

its molecular weight (MW) is still disputed. Reports of MW's varying from 

1,100 to 12,870 have appeared in the literature over the past four years (3, 12, 

27, 4, 28, 29, 23). Zilian, using a negative pressure dialysis technique 

followed by a sterilizing filter using G-6 sintered glass and confirmed by 

G25 gel filtration, showed a molecular weight of the active substance 

between 3,000-5,000 daltons (12); Huang, et aI, using sephadex G50 reported 

a MW of 12,870 using high pressure liquid chromatography, thin layer 

chromatography and isoelectric focusing in a polyacrylamide gel (27). 

Schulkind and Ayoub refer to the peak component (TF) of a sephadex G25 

column as having a MW of less than 5,000 (3). Burger, in a particularly well 
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controlled and designed study in 1979 showed a MW between 1,000-2,000 

and proposed a structural model (28).Wilson using Sephadex G-25 

chromatography and Bio-gel chromatography in 1982 indicated a MW of 

1,000-2,000. for human blood TF and proposed a similar model (29) 

Galbraith in a review ofTF list the MW ofTF as 2,000-5,000.(4) but 

Kirkpatrick in a review ofTF in 1988 (19) lists the MW of human TF as 

4,000-6,000. The MW of TF in human blood, then is still an undecided issue. 

There was one consistency throughout the studies, in that when the various 

peaks were tested, only one peak was generally shown to contain the active 

substance. This lends some support to the theory that there is only one 

substance responsible for the activity in human TF.Yet, this substance has 

not been isolated or characterized. The most consistent membrane sizes 

used to extract TF have molecular weight cutoffs (MWCO) of 10-12,000 

daltons. Given this membrane size, there are several components of the 

dialysate that can increase or modulate the immune response (30). 

Products such as L-serine, L-glycine, methyl group carriers (31), thymidine 

(32), Cations, Prostaglandins, PGE2, PGE3, phospholipids, catecholamines, 

histamine, cyclic AMP, Folic acid, and hypoxanthine (30) are some variety 

of different substances in the dialysate from a 10,000 molecular weight 

cutoff (MWCO) membrane. It is possible that some of these small molecular 

weight substances may influence in vivo and in vitro testing (32). 

Supply and availability of transfer factor 

Clinical studies and basic research also demonstrate varied or conflicting 

results of researchers between different laboratories researching the same 
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areas. Many of these conflicting research results could have been prevented 

by collaborative studies if the same studies could had been repeated in 

different labs using the same sample material derived by a standard 

method of extraction from the same subjects. 

One major obstacle to producing a standard method of extraction has been 

the limited quantity of sample material obtainable from one subject. In 

most of the studies cited, TF has come from blood cells or cell products in 

the blood. One pint (unit) of blood yields only one unit ofTF (1 human dose), 

or approximately 1x108 lymphocyte equivalents (4). Donations are, 

therefore, limited to approximately one pint per two to three months per 

donor. The supply of TF is further limited because donors must have been 

previously sensitized to the specific antigen being investigated, but must not 

presently have the disease (4), i.e, they must either have recovered and 

developed an active immunity, or have been vaccinated against the disease. 

Therefore, the list of donors is sometimes quite small especially in the study 

or treatment of rare diseases. Since TF therapy often requires several doses 

per week at the onset of treatment (23,1), considerable amounts of blood are 

needed for each series of treatments. In some cases, then, storage of TF 

must begin several months or even years in advance of the beginning of 

treatment. 

In addition, venipuncture is invasive and therefore increases the risk of 

infection to the donor. The sample must be drawn by a skilled technician or 

health professional under the auspices of a licensed physician in a facility 

prepared for venipuncture. In the immunosuppressed or in those already 
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suffering from a debilitating disease, procuring a sample for testing is 

therefore another risk, the merits of which must be weighed against the 

possible complication from extracting the blood. In addition, the procedure 

is stressful and painful for some people. For others, fear of contracting a 

disease, e.g. hepatitis B, from venipuncture is also a significant factor. 

Donor compliance, therefore, can sometimes be an additional problem. 

The quantity ofTF for basic research or for therapy ,then,is often the 

limiting factor. Basic research or therapy with TF must both be delayed 

until sufficient quantities exist to complete the procedure. Thus, the limited 

supply, the expense, the chance on infection as well as the discomfort and 

inconvenience have all worked to the disadvantage of both basic and applied 

research with TF. 

Transfer factor from urine 

In 1986, a single publication by Jeter (33) provided an encouraging note for 

an alternate source of human TF. Human donors with known skin 

reactivity to coccidoidin, PPD 2,4-dinitrochlorobenzene, and histoplasmin 

provided urine samples which were concentrated, partially purified and 

injected into mice or guinea pigs. Footpad tests on mice and skin tests on 

guinea pigs showed a matching of donors' skin tests results to mouse 

footpad swelling. Hence, urine dialysate was used to convey passive 

immunity to the mice. 

The amount of TF excreted in the urine in 30 minutes was said to be 

approximately equivalent to lxl07 lymphocytes (33). Although the results of 



I 

20 

this have not yet been confirmed, it suggests the possibility of a new 

material from which TF can be derived in a quantity many times greater 

than from blood. (If thirty minutes of urine flow is equal to 1x107 

lymphocytes, twenty-four hours of urine should contain 24x(1x107) or 

2.4x107. This is approximately 2.4 human doses per twenty -four hour 

period compared to one dose per three to four months from blood). Thus, the 

collection of urine from donors could provide a valuable new method of 

collecting TF in quantities that would facilitate both laboratory and clinical 

experiments, inexpensively, abundantly, non-invasively, and easily. In 

addition, the method could provide constant monitoring of progress in 

patients receiving TF. 

Thus it appears that urine could have several advantages over blood as a 

source material. The procedure described, however, required seven to nine 

days for processing before the dialysate from the 6,000 dalton dialysis 

membrane was ready for injection. Even though the pore size of the 

membrane was relatively small, the process used a negative pressure on 

the dialysis membranes of approximately 22 lbs/sq.in .. This procedure 

distorts pore size such that the size of particles filtering through the 

membrane may be 30-50 % larger than the needed cutoff (34). In addition, 

small tears may occur when membranes of this design are exposed to 

pressure of this magnitude, allowing significantly larger molecules to be 

found on the dialysate side of a membrane (34). Leukocyte extracts dialyzed 

from membranes with molecular weight cutoffs of 12,000 have been shown 

to contain more than 200 distinct moieties (4). Certain components of blood 

dialysates also contain non-antigen immunostimulating agents, whereas 
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others suppress immune responsiveness (35).These components may also 

be present in urine along with the 193 substances identified as normally 

appearing in human urine (36). Therefore, if TF is to be extracted from 

urine, there must be a procedure developed which obviates these problems. 

The procedure must be faster, and more reliable, not only in producing TF 

but also in eliminating other contaminating factors. 

Selection of an Animal model 

Concomitant with a standard method of extraction from urine and blood, a 

valid and reliable method of demonstrating the presence of TF must be 

used. Because TF is not only antigen specific, but also transferable between 

species (1,11) it allows the distinct advantage of being able to convey passive 

immunity in a species different from the donor. This feature is ideal for 

human research as it allows TF from a human donor to be tested on an 

animal model. TF has been shown to be present in guinea pigs, mice, 

hamsters, sub-human primates, cattle, dogs, sheep and rabbits (1,10) 

However, the lack of consistent and reproducible animal models has been 

an obstacle to the isolation and characterization of dialyzable TF (1) 

Of the animals named, the most ideal recipient to show passive transfer is 

the mouse. It is plentiful, relatively inexpensive to purchase and house, 

easy to handle and has been used extensively in immunological research. 

In Kirkland's words: "The mouse models are convenient and should 

directly facilitate the isolation and characterization of the active component 

from the crude dialysate [ofTF]"(I). Most tests using animal models have 

used the skin test as an indicator of passive transfer. However, Rifkind et. 
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al. showed that TF from sensitive animals produced DTH in recipient mice 

that could be measured by inter-dermal testing of skin or by foot pad 

swelling and that one was comparable to the other in determining passive 

transfer (9,37) The mouse footpad test is very sensitive and has permitted a 

detailed analysis of response to be made (38). The mouse footpad swelling 

test, therefore, provides a simple, inexpensive biological model upon which 

a qualitative test for DTH via passive immunity could be given. 

SIGNIFICANCE OF THE STUDY 

The significance of this study lies in its value to both basic and clinical 

research. A new source of TF that is inexpensive, abundant, and available 

with only the slightest inconvenience to the donor that could be collected 

repeatedly and in close temporal sequence would invaluably facilitate both 

basic and clinical research. Donors of urine would be easier to obtain than 

donors of blood, because for urine samples there is no invasive procedure, 

no discomfort or pain, no fear of infection from the procedure and no need 

to go to a blood lab or outpatient clinic for compliance. Both clinical and 

basic research would benefit from being able to obtain copious amounts of 

material from a single donor as well as from multiple donors ,especially 

from those who have developed an immunity to unusual or rare diseases. 

Once obtained, the human urine TF (HUTF) can be stored until needed for 

research or clinical testing. Basic research would benefit from having an 

ample supply of HUTF from which to draw for repeated experiments. One 
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24-hour catch of urine provides enough HUTF to inject approximately 100 

mice. This kind of volume will allow large scale studies to be designed 

involving the same donor, something not previously possible using human 

TF from blood. Samples can either be pooled or each 24-hour catch can be 

kept separately. Thus, different treatment methods using HUTF from the 

same source could be easily accomplished. If a relatively pure form of 

HUTF can be derived from urine, it can be compared with blood TF with the 

hopeful end-point of at last identifying the molecular structure of TF. The 

development of an efficient procedure that would eliminate many of the 

other substances present in the TF solutions presently being used would 

facilitate this identification and characterization of TF. 

Clinically, one of the most valuable aspects of HUTF is its potential to 

monitor patient status in the treatment of immunostimulatory and 

immunosuppressive drugs. Patient status can be followed regularly with 

updates several times per day if needed. Because obtaining TF from human 

urine would not be invasive, iatrogenic complications from taking blood 

samples would be eliminated. The method also has potential as a non

invasive method to determine the immune status to specific antigens 

involving CM!. This would be valuable to screen potential donors by 

combining it with the mouse footpad test or other test for the presence of 

specific antigen responsiveness. It would allow a potential donor to be 

screened for a wide number of antigens without donor risk and without the 

possibility of the donor becoming sensitized to the antigen as a result of the 

skin test. It would allow not only determination of general 
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immunocompetence for CMI but could explore the possibility of specific 

immunodeficiencies. In addition, HUTF could be used to monitor recovery 

of the cellular immunity in diseases and therapies involving 

immunodeficiencies. This study,then, has many facets, and if successful 

could be useful not only in the identification and characterization ofTF, but 

also in the advancement of the understanding of immunocompetence, 

immunodeficiency and CMI as well. 
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The purposes of this project were: 1) to confirm that a substance with the 

immunological activity and requirements of TF could be extracted from 

human urine; 2) to develop a more efficient method of extraction of this 

substance from human urine which could be adopted as a standard method 

of extraction; 3) to more closely determine the molecular weight of this TF

like substance. 

The first major aim of the study was to confirm that a substance with the 

immunological activity and requirements of TF could be extracted from 

human urine. The confirmation of any finding is needed to verify that the 

finding was not incidental, nor specific to the particular situation and can 

be repeated under specified conditions. The original publication in which 

extraction of TF from human urine was found (33) gave no details of the 

extraction procedure. It is important to verify these findings and to 

document the procedure by which it was accomplished. It is also necessary 

to know if the same sequence of procedures need be followed to successfully 

accomplish this extraction, as future improvement might be made in the 

results by changing the order of the procedure. This is especially true in the 

parts of the procedure involving the dual acetone precipitation and the 

dialysis. If the exact sequence does not need to be followed, more variation is 

possible in the kinds of extraction procedures that can be tried. 
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Because TF has in the past been derived almost exclusively from blood, it is 

also desirable to show that the same procedure used to extract the active 

substance from human urine can also be used to extract TF from blood. 

The mouse footpad test has been used to determine the presence of human 

TF in blood but it is necessary to substantiate the validity of the mouse 

footpad as an accurate indicator of activity for this urine extract. 

The primary questions addressing this specific aim are: 

a) Does the active substance(s) extracted from human 

urine produce responses that are consistent with TF? 

b) Is the sequence of significance, in which acetone is used with 

dialysis for extracting a TF-like substance? 

c) Can this same procedure be used to extract TF from leukocyte 

extracts of whole blood? 

d) Is the mouse footpad test a valid and reliable indicator of 

activity of this substance? 

The second major aim of this study is to develop a more efficient method of 

extraction of this substance from human urine, which could be adopted as 

a standard method of extraction. In the procedure used to extract the TF 

from human urine, the procedure required a number of days, was limited 

to processing material from only a few donors and was subject to several 

problems. It appears that if further studies to investigate the potential of 

this substance were to be undertaken by any laboratory procedure, it would 

be necessary to have a standardized procedure that avoided contact with 
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sample material, involved the best available equipment for the task and 

could easily be adopted by other laboratories. Recent studies used tangential 

flow systems to separate other cellular immune products of a molecular 

size comparable enough to the 10,000 dalton maximum molecular weight 

given to TF to be of interest. Stirred cell filtration has been used as a method 

of partial purification to separate substances of different molecular 

weights. Combining the use of tangential flow filtration with stirred cell 

ultrafiltration, therefore, appears to be a plausible alternative to using 

dialysis tubing under negative pressure. However, neither tangential flow 

filtration nor stirred cell filtration have been used to extract the substance 

in question and no papers could be found that directly used a procedure 

using either urine as the base material or TF as the extract. The primary 

questions addressing this second specific aim are: 

a) Can tangential flow ultrafiltration be combined with stirred 

cell ultrafiltration to successfully extract the active (TF-like) 

substance from human urine? 

b) Are the results comparable to those achieved by using TF 

extracted from blood using the stirred cell ultrafiltration? 

c) Do these results match the skin test results of the donors? 

d) Is this substance antigen specific or does it produce cross 

reactivity with similar antigens? 

e) Are the results of this procedure comparable to results 

obtained using the original procedure? 
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The third major aim of this study is to more closely determine the 

molecular weight of this TF-like substance. No matter whether this 

substance is TF or a different substance producing similar responses, it is 

important to obtain as much basic information as possible about this newly 

discovered substance. One of the primary pieces of information needed on 

any molecule is its molecular weight. Although it is beyond the scope of this 

paper to determine the exact molecular weight, it is the intention to show 

the relative weight and to show probable weights of the active substance(s). 

Because the molecular weight ofTF has not been determined to any 

acceptable degree of accuracy, it is impossible to compare the two. However, 

new information obtained concerning this new substance will be helpful in 

its eventual isolation and purification to the end point of determining its 

total characterization The primary questions addressing the third specific 

aim are: 

a) Can the molecular weight of this substance be more closely 

determined than its present <10,000 daltons definition? 

b) What molecular weights within this bracket are shown to 
have actual substance? 
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Chapter 3 

Human urine as a source of transfer factor 

Introduction 

Transfer factor (also known as TF or dialyzable leukocyte extract) is a 

substance originally extracted from disrupted white blood cells, in animals 

by Jeter (5), and shortly afterward in humans by Lawrence (6). TF has been 

extracted from T lymphocytes, natural killer cells (23), macrophages (47, 

48) and human mononuclear cells (49). In most studies, TF has come 

directly from blood cells or cell products in the blood but in some studies, 

sources for these extracts were from human spleen cells (12), human tonsil 

lymphocytes (12), sera of several animals (50), and bovine colostrum and 

milk (51). In 1986, Jeter (33) used human urine to extract TF or a TF-like 

substance from donors with known skin reactivity. Footpad swelling tests 

on mice and skin tests on guinea pigs showed a matching of donors' skin 

tests results and animal responses. Hence, urine was shown to convey 

passive immunity and was said to contain TF. The implications ofTF 

existing in urine presents a significant new source of TF. Because of this 

importance, further investigation into the possibility of extracting TF from 

urine was made. If a common procedure can be used to extract a 

substance(s) from both blood and urine that meet the criteria established for 

TF, it should provide support to the assumption that the substance derived 

from urine is TF. The criteria established for TF thus far is that: 1) it must 

passively convey a delayed-type hypersensitivity (DTH) (5,7); 2) the DTH is 

independent of antibody production (7); 3) it must be antigen specific 



I· 

30 

(8,10,7); 4) the passive antigen specificity can be transferred between species 

(8,9,10,11); and 5) The molecular weight is < 10,000 daltons (7). 

The purpose of this study,was to determine: 1) if passive antigenicity in the 

form of delayed type hypersensitivity (DTH) can be conveyed using extracts 

of human urine injected into mice; 2) the importance of acetone and 

dialysis in the extraction process; 3) if the same procedure used to extract 

TF from urine can be used to extract TF from leukocyte extracts. It is 

hypothesized that: 1) passive antigenicity in the form ofDTH can be 

conveyed using extracts of human urine injected into mice; 2) the active 

substance(s) extracted from human urine produce responses that are 

consistent with TF; 3) acetone and dialysis can be used interchangeably in 

the sequence of the extraction process; 4) the same procedure used to 

extract TF from urine can be used to extract TF from leukocyte extracts; 5) 

the mouse footpad test is a valid and reliable indicator of the TF-like 

substance in urine. 
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Materials and Methods 

The first experiment was designed to see if: 1) the procedure used by Jeter 

(33) could be reproduced and; 2) acetone precipitation and dialysis could be 

reversed and still obtain passive delayed-type hypersensitivity (DTH) 

reactions 

Animals: 40 Balb/C mice, were randomly selected for testing and then 

randomly divided into five groups of five mice per group. Brother/sister 

matings of the same original breeding stock were used. All mice were 

between 23 and 30 grams and greater than twelve weeks of age. Mice were 

housed five per cage in the University Animal Care at the University 

College of Medicine. Mice were inspected weekly for signs of disease and 

other signs of impairment. No animals with signs of disease or suspected 

immune deficiencies were used. All animals received ad lib. water and 

Tekland 4% RatIMouse Diet 001(Tekland Premiere Lab Diets, Madison, Wi.) 

Procedure for processing urine: A 48-hour urine catch was collected from 

a subject who had shown a previous skin reaction to purified protein 

derivative of Seiberts (PPD-S) and was refrigerated immediately after each 

voiding. The entire catch was sequentially filtered through a 142 mm Zeta 

prefilter ( A.M.F. Microfiltration Division. Meriden Conn.) and a 0.2 

micron Gelman filter (Gelman Instrument Co. Ann Arbor, Mi.) housed in 

a 142 mm Millipore (Millipore Corp., South San Francisco, Ca.) filter 

holder. The filtered sample was then lyophilized to dryness and 



I 

32 

reconstituted in sterilized double distilled water (DDH20) to 10% v/v. and 

stirred for 1 hour. The reconstituted material was divided into 4 aliquots 

representing 12 hours of urine output per aliquot. (PPD-S) diluted to 0.05 ml 

sterilized 0.15 N NaCV25 mcg PPD-S was used as the challenge antigen. 

Preparation of Donor Material: aliquot #1 (AD group) was processed as 

reported by Jeter (10). After the 10% vlv reconstitution, this aliquot was 

twice precipitated with cold (-20°C) acetone in the following manner; 

acetone was added to the reconstituted material to 60% acetone and stirred 

for one hour at 4°C. This solution was filtered through a #1 Whatman filter 

(Whatman Inc. Clifton, N.J.) Cold acetone was added to the filtrate to 90% 

acetone and stirred for one hour at 4° C to facilitate precipitation. The 

resulting precipitate was then reconstituted to 10% vlv original volume and 

placed in a prewashed and pre wetted viscine dialysis tubing 24 mm in 

diameter with a molecular weight cutoff (MWCO) of approximately 6,000. 

The ends of the tubing were tied and placed in a sterile 2,000 ml Erlenmeyer 

flask and subjected to a negative pressure of 22 lbs.lsq.in. For four days at 

4°C. Dialysate was taken off daily and stored at -200 C until it was 

lyophilized to dryness and stored until reconstituted for use. (The 

reconstituted dialysate is referred to in Jeter's (10) original study as TF) 

Aliquot #2 (DA group) was processed similarly to aliquot #1 except after the 

first reconstitution, the concentrate was placed directly in the dialysis 

membrane tubing and dialyzed as above. The dialysate was collected daily 

and stored at -20 0 C until the entire dialysate was processed using the 60 & 
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90% acetone procedure described above. The precipitate of the 90% acetone 

treatment was then stored at -200 C until used. 

Aliquot#3 (DA W group) was treated in an identical manner as aliquot #2 

except that after the first reconstitution, the solution was centrifuged at 

20,000 rpm for 60 minutes in a Beckman (Beckman Instruments, Palo Alto, 

Ca.) J 221 centrifuge, the supernatant drawn off and placed in the dialysis 

membrane tubing and dialyzed. The precipitate remaining from 

centrifugation was discarded. 

Aliquot #4 was stored untreated as a back-up. 

Each aliquot was then lyophilized to dryness and reconstituted such that 

one "mouse dose unit" of TF=0.5 ml. (one mouse unit is approximately 

equal to the amount of TF in 1 x 107 lymphocyte equivalents which was 

empirically determined to be approximately equal to the amount ofTF in 15 

minutes of human urine output). 

Mouse footpad test: The mice were divided into 5 groups, with five mice 

assigned for each group.The first three groups corresponded to the first 

three aliquot groups above. Two control groups were used to more clearly 

interpret the results. The fourth (Neg C) group served as a negative control 

for specific reactivity in that the urine from a non-reactive donor was 

processed and injected as in aliquot #1. (If the urine extract is specific in 

conveying passive immunity, this group should be nonreactive and hence, 

should act as a negative control). The fifth group (Ag C) served as control 
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One mouse unit of concentrated urine extract was injected 

interperitoneally (IP) into the test mice. Twenty-four hours later, 0.05 ml 

containing 25 mcgs. Of PPD-S diluted in DDH20 was injected into the right 

front footpad of all animals. Twenty-four hours after footpad injection of the 

antigen, animals were anesthetized and the footpads of both front feet were 

measured posterior-anterior using a Schnell taster caliper (H.C. Kroplin 

GMBH, Deutschland). This hand held caliper is factory tested to be 0.05 mm 

accurate within a range of 10 mm. The calipers were independently tested 

for intra trial variations on standards of 10,15 and 20 mm calibration 

blocks. Caliper inaccuracy was thus found to contain errors of less than 0.1 

mm over 100 trials. Results of each footpad reading was simultaneously 

read and recorded blind such that neither measurer nor recorder knew 

which group was being measured. Calipers were corrected after each 

measurement. Groups were identified for recording purposes by cage codes 

on the cage cards, the code of which was kept in a separate location. 

Treatment of blood using negative pressure dialysis and dual acetone 

precipitation. 

The second study was designed to investigate whether bovine blood transfer 

factor (BBTF) can be processed using acetone precipitation with a 6,000 

mwco membrane as in experiment # 1 using a procedure similar to that 

used in aliquot #3. 
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Preparation of Blood: Collection ofbovine blood- Approximately one liter of 

venous blood was extracted from a cow previously skin-tested positive (neck 

wheal> 20 mm) to Infectious Bovine Rhinotracheitis (IBR) !Parainfluenza-

3 (mR-PI-3) antigen. The animal was restrained in a squeeze chute, its 

neck further immobilized by rope. Extraction procedure was via insertion 

into the jugular vein of a 14-gauge needle connected to a 112" plastic tubing. 

The plastic tubing was connected to a glass side-arm flask that had been 

placed on a magnetic stirrer. After extraction, the flask was placed in a 

bucket of ice water and immediately transported to the lab for processing. 

In the lab, the sample was placed in 250 ml plastic bottles and centrifuged 

at 4,000 rpm for 45 minutes on a Beckman J-221 centrifuge. The plasma 

was siphoned off and the huffy coat separated from the erythrocytes and re

spun in 50 ml tubes in the same manner as above. The separation was 

repeated a third time after which the huflY layer was drawn off, measured 

and 0.15 N. NaCI in 2x dd H20 added to make 50 ml. Leukocyte 

concentration count was determined with a hemocytometer. Differential 

cell count readings were completed manually using a manual leukocyte 

tabulator. A Wright stain (52) was used to enhance morphological 

differences. 

Following the saline dilutions, cells were lysed to extract the TF. Cell lysis 

was accomplished by freeze-thaw repeated 10 times using dry ice in acetone 

for freezing and a 37°C water bath for thawing. The solution was then 

centrifuged at 20,000 for 60 minutes, after which the supernatant was 

reconstituted to 50 ml with DDH20. This mixture was then placed in a 6,000 

mwco viscine membrane tubing under 22 lbs. per square inch [151.67 
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pascals (53)] of negative pressure for four days. The dialysate was drawn off 

daily and stored in -20°C. The final dialysate volume was acetone treated as 

in aliquot #3 above. The acetone precipitated dialysate was reconstituted 

after lyophilization to 0.5 mlJlxl07 lymphocyte equivalents and stored at-

20°C until used. 

Mouse footpad test- 15 Balb/C mice from the same pool as above were used to 

complete the mouse footpad test. Infectious Bovine Rhinotracheitis Virus 

(IBR)I Parainfluenza virus#3 (PI-3) killed virus (Affiliated Labs, Bushnel, 

Tenn.) diluted to a concentration of 250 mcgs/0.05 ml was used as the 

challenge antigen. 

Statistical analysis 

A randomized factorial analysis of variance (55) was used to determine 

statistical variation of groups. The Scheffe post hoc F-test (56) was used to 

determine statistical differences among groups for each section of this 

study. 
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Results 

Experiment 1- Statistical analysis using a two tailed paired t-test (54) was 

completed to compare post-treatment differences between left and right 

footpads (in mm) for each group using the thickness of each footpad as an 

indicator of change. The results are shown in Table 1. The AD had a mean 

of21.6 mm for the right footpad and 17.0 for the left giving an average 

difference of 4.6 mm resulting in a t value of 9.5. (p< .001). DA means were 

20.3 for the right and 16.0 for the left yielding an average difference of 4.3 

mm and a consequent t value of 14.3 (p< .0001). Similarly, the DAW group 

measured 20.8 and 16.8 for the right and left footpads respectively with a 

mean difference of 4.0 mm. This produced a t-value of 3.9 (p< .02). 

Therefore, all three treatment groups showed significant post treatment 

differences between the left and right front footpads. Neither of the controls 

showed significant differences for the same measurements with the 

antigen control (Ag C) group showing a mean right and left footpad 

thickness of 16.9 and 16.7 respectively and the negative control group (Neg 

C) showing means of 18.4 and 18.3 for the right and left front footpads 

respectively. The total combined range of the groups was between 14-23 mm 

with the left having a range of 14 to 19 for the treatment groups combined 

and 15 to 19 for combined controls. Right footpad ranges were 19 to 23 for the 

treatment groups combined and 16 to 20 for combined controls. 
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Table 1 Analysis of variance of footpad swelling in mice treated with different sequences 
to process the active substance in human urine 

AD DA DAW AgC 
Footpad R L R L R L R L 

NegC 
R L 

Mean 21.6 17.0 20.3 16.0 20.8 16.8 16.9 16.7 18.4 18.3 
Standard deviation 1.4 0.6 0.7 0.4 1.8 1.9 0.7 1.0 1.3 0.8 
Range 

Maximum 23.0 18.0 21.0 16.5 23.0 19.0 17.5 17.5 20.0 19.0 
Minimum 19.5 16.5 19.5 15.5 19.0 14.0 16.0 15.0 17.0 17.0 

AD '" Acetone followed by dialysis 
DA = Dialysis followed by acetone precipitation 
DAW = Same as DA except that only supernatent is used after centrifugation 
Age ::: Antigen control-footpad injection without previous sensitization 
Neg C = Injection of substance from non-sensitized donor but using PPD-S 

as the challenge antigen 

w 
00 
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Table 2 Comparison of mouse footpad swelling after treatment with 

human urine extract using either acetone or dialysis first in the 
processing sequence. 
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Group n Count Mean Standard Error t-score 

Ii) 5 4.6 0.5 9.5* 
()\ 5 4.3 0.3 14.3** 
DAW 5 4 0.9 3.9@ 
P(JC 5 0.3 0.2 1.0 
NegC 5 0.1 0.3 0.3 

* = Significant at the p< .001 
** = significant at the p< .0001 
@ = significant at the p<.02 level 

AD = acetone first followed by dialysis 
DA = dialysis first followed by acetone precipitation 
DAW = same as AD except only supernatant is used after centrifugation 
Ag C = antigen control- footpad injection without previous sensitization 
Neg C = IP injection of substance from non-sensitive donor but using 
PPD-S challenge antigen in footpad 
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A matched pair t test was performed between the left and right front 

footpads of each mouse in each group. The results are shown in Table 2. 

Significance was demonstrated between the footpads of the AD, DA and 

DAW groups with t-tests of 9.5, 14.3 and 3.9 respectively. The levels of 

significance were p<.OOl for the AD group, p<.OOl for the DA group, and 

p<.02 for the DAW group. No significant differences were seen in either of 

the control groups. 

An analysis of variance (55) completed for mean group differences between 

footpads (in mm) is shown in Table 3. The results showed significant 

differences (p< .0001) among groups. Post hoc analysis of the groups using 

the Scheffe F-test (56) is shown in table 4. Differences at the p< .05 level were 

seen between: Ag C vs. AD; Ag C vs. DA, Ag C vs. DAW; Neg C vs. AD; Neg 

C vs. DA; and Neg C vs. DAW. No significant differences were seen 

between the two control groups or among any of the treatment groups 

among themselves. 

Experiment 2-Blood extract: The results of the study are shown in Tables 

5,6,&7 and Figure 2. As can be seen from the tables the analysis of variance 

showed significant differences (p<.OOl) between groups. Post hoc analysis 

using the Scheffe procedure revealed that significant differences (p< .05) 

were produced between the antigen controls and the 2 treatment groups but 

that there was no significant difference between the two treatment groups. 
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Table 3 Analysis of variance of footpad swelling in mice treated with 
different sequences to process the active substance in human urine 

Source Degrees Sum of Mean F value 
freedom Squares Squares 

Between 4 98.2 24.6 17.9* 
groups 
Within groups 20 27.3 1.4 
Total 24 125.5 
* = p<.0001 
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Table 4 Post hoc comparison to determine differences between 
human urine extracts using either acetone or dialysis 
first in the processing sequence. 
Comparison Mean difference F·test 

Antigen control vs. Negative control 
Antigen control vs. AD 
Antigen control vs. DA 
Antigen control vs. DAW 
Negative control vs. AD 
Negative control vs. DA 
Negative control vs. DAW 
ADvs. DA 
ADvsDAW 
DAvsDAW 

*= p< .05 
AD = acetone first followed by dialysis 

0.2 
4.3 
4 

3.4 
4.5 
4.2 
3.6 
0.3 
0.9 
0.6 

DA = dialysis first followed by acetone precipitation 

0.2 
8.5* 
7.3* 
5.3* 
9.3* 
8.1 * 
6.0* 
0.1 
0.4 
0.2 

DAW = same as AD except that only supernatant used after centrifugation 
Antigen control = footpad injection without previous sensitization 
Negative control = IP injection of substance from non-sensitive donor 
using PPD-S as the footpad antigen 

42 



i, 

6 

I I 
Mean :] I differences 
between 
1 eft and ri ght 3 

footpads 2 
(in mm) 

o~. l------l--
-1 

AD DA DAW Neg C AgC 

Bars for columns = one standard error 

Figure 1 Results of using different sequences in the steps to extract 
transfer factor from human urine. Note that all three treatment 
groups receiving urine extracts from a donor sensitive to PPD-S 
responded to the challenge antigen injected into the right front 
footpad. The material from the non-sensitive donor showed 
no response. 
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Table 5 Descriptive data for acetone treated vs non-acetone 
treated dialysis of bovine transfer factor 
Group n Count Mean Standard Error 

Acetone precipitated 
Non-acetone precipitated 
Controls 

5 
5 
5 

3.1 
3.5 

- 0.1 

0.19 
0.47 
0.19 
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Table 6 Analysis of variance between acetone and non-acetone treated 

bovine blood 
Source Degrees Sum of Mean F value 

freedom Squares Squares 
Between groups 2 38.9 19.5 39.6.0* 

Within groups 12 5.9 0.4 
Total 14 44.8 
* = p<.0001 
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Table 7 Post hoc analysis of acetone treated vs non-acetone treated blood 
Comparison 
Antigen Controls vs Acetone precipitated 
Antigen Controls vs Non-acetone precipitated 

Acetone precipitated vs _ Non-acetone precipitated 
*= p< .05 

Mean difference 
3.2 
3.6 
-0.4 

F-test 
25.2* 
31.9* 

0.4 

~ 
0\ 



Mean 
differences 
between 
left and right 
footpads 
On mm) 

5 

:1 t I 
2 

o~.ooo.oo __ o_o __ o ___ oo_ooo __ o ____ o of------

-1~------_r----------------~----------------~-------4 
Bovi ne aceto ne 
preci pit ate 

Bovi ne non- acetone 
preci pitate 

Bars for co lumns= one standard error 

Control 

Figure 2 Mean differences between treated and non-treated footpads 
using acetone treated and non-acetone treated bovine blood 
transfer factor. 
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Discussion 

The results confirm Jeter's original report (33) in that mice treated with 

urine extract from a donor sensitized to PPD-S and dual acetone 

precipitated and dialyzed through a 6,000 MWCO membrane did convey 

passive DTH. The results also showed that all three treatments produced 

approximately the same amount of mouse footpad swelling, indicating that 

all three methods are approximately equal in their ability to passively 

transfer sensitivity to the recipient mouse. Considering that the control 

mouse footpads had a mean of 16.9 mm, an increase of approximately 4 

mm in the footpads of the treated animals represents a change of 

approximately 24% in footpad size. The results obtained by all treatments 

allow more freedom in the development of a more efficient procedure by 

which the urine can be processed. This may be important as the present 

procedure takes 7-9 days to complete and the urine must be handled several 

times in the process. From the above results, we can assume that a 

procedure to produce TF or a TF-like substance can be extracted from 

human urine using dual acetone precipitation of 60 and 90%, and that the 

precipitation can come either before or after dialysis. The response of the 

DA W group indicates that the supernatant drawn off after centrifugation 

contains at least enough active substance to convey a detectable response in 

the recipient animal. This results allows for future development of 

techniques utilizing the supernatant only instead of having to use the entire 

reconstituted material. 
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Comparing the means differences between groups (Table 4) and the 

scattergram (Figure 1), it can be seen that the difference was due to 

swelling of the footpad from the treated mice being much greater than those 

produced by either control group. The mean difference in footpad swelling 

between any of the treated groups and either of the controls was between 3.4 

and 4.5 mm, whereas the mean swelling between Ag C and Neg C was only 

0.2 mm. From the results in Table 2, together with the results in Table one, 

it can be seen that the difference in footpad swelling was primarily due to 

swelling of the injected (right) footpad in the AD group. The same was true 

for the other treatment groups when compared to antigen controls; i.e. the 

differences between treatment groups and controls was due to changes in 

the right footpad of the animals previously injected with material from the 

PPD-S sensitized donor, but no change was seen with material from the 

non-sensitized donor. 

The non-responsiveness of the negative control aids confirmation of antigen 

specificity, at least for the PPD-S antigen. This result, when combined with 

the results of the other three treatment groups treated with material from a 

positive donor, gives further support to the argument that the substance 

with which we are dealing is TF. This study has provided evidence that the 

active substance(s) dialyzed from urine using the above methods fulfill the 

basic criteria ofTF in that the dialyzed extract: 

1) conveyed passive sensitization to PPD-S (the original antigen used by both 

Lawrence (6) in humans and by Jeter (5) in animals; 
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2) is antigen specific as seen by the responsiveness to the challenge antigen 

in the animals injected with substance from a sensitized donor and the lack 

of responsiveness in animal injected with substance from a non-sensitized 

donor; 

3) produced a delayed-type hypersensitivity as seen by the swelling in the 

mouse footpad test; 

4) is independent of antibody production. The extract is from urine, not 

serum. It is unlikely that even the smallest immunoglobulins (lgG 1,lgG2 

and IgG4 = 146,000) (57) would pass through the glomerulus of a healthy 

kidney because of its size relative to the generally accepted size limits of the 

glomerular filtrates «69,000 MWCO) (58) . If any immunoglobulin did pass 

through the glomerulus, it would be filtered out during the sterilization 

filtration in the preliminary step of processing the urine (0.2 micron 

filtration). If it happened to somehow pass through the 0.2 micron filter, it 

would most probably not be able to pass through the 6,000 MWCO dialysis 

membrane even allowing for a large variation in filtration size. It is also 

unlikely that a molecule of its size would survive the 60% acetone 

precipitation, as it should be precipitated out during this procedure. 

Further, support for the reaction not involving immunoglobulin is the lack 

of type I hypersensitivity reaction in any of the test animals during the 24 

hours between footpad injection and footpad reading. 

5) the passive DTH with antigen specificity was transferred between species 

as donor material was transferred from human to mouse; 
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6) the molecular weight was less than 10,000 as it was dialyzed through a 

6,000 dalton MWCO membrane. Although the accuracy of this molecular 

weight estimate using this method is questionable, other studies have 

supported that the molecule is less than tO,OOO daltons (7) and that the 

active portion ofTF may even be below 5,000 (4). 

The acetone treated group performed as well as the non-acetone treated 

group in producing passive sensitivity to the IBR antigen as seen by the 

mouse footpad test. This supports the hypothesis that TF can be extracted 

from bovine blood using acetone precipitation as shown by the mouse 

footpad test. The results also give support to the assumption that a TF-like 

substance can be extracted from either blood or urine using acetone 

precipitation. The procedure used, however, is cumbersome, requires 

multiple handling of the source material, and takes 7 to 9 days to produce 

the desired substance. A procedure is needed that can obviate these 

problems. 

The results also give greater support for the use of the mouse footpad test, 

as the results obtained were consistent within groups and did differentiate 

between responsive and non-responsive donors. The results obtained were 

also consistent with what would be expected using other methods of antigen 

challenge tests (eg, skin tests). 

Similarities of the results between the actual footpad thicknesses (t-tests of 

differences of pairs of feet within a group) and the differences themselves 

(analysis of variance comparison among groups) show that either the 
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actual mm thickness of footpads or the differences between them can be 

used as a reliable post treatment measurement of change. 
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The study also gives support to the mouse footpad model as an accurate 

biological model for the determination of delayed type hypersensitivity using 

substances derived from human urine. The results obtained in both blood 

and urine were consistent with the hypothesized results with good 

consistency. This lends strength to the use of this model for future studies 

involving similar donor materials under identical conditions. 

From these results, we can conclude that TF or a TF-like substance can be 

extracted from human urine by combining dual acetone precipitation and 

dialysis through a 6,000 MWCO membrane under negative pressure. 

The results also suggest that if the substance producing passive transfer in 

urine is TF, the definition ofTF will need to be modified as there is no direct 

evidence that the substance in urine is a "dialyzable leukocyte extract." 

Until the actual chemical configuration and characterization of TF is 

known, confirmation of the similarity of the substances will be difficult. 
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Chapter 4 

A new method to extract the transfer factor-like substance from 
human urine. 

Introduction 

In a previous section it was reported the extraction of a substance from 

human urine which produced a response in test animals that appeared to 

meet the criteria of transfer factor (TF, dialyzable leukocyte extract). The 

procedure to extract this substance from urine, however, was cumbersome, 

took from seven to nine days to extract the active agent(s) and used dialysis 

tubing under a negative pressure of 22 mm/hg, which is in excess of the 

manufacturer's recommended maximum pressure (46). The procedure 

was also very limited in the amount of material that could be processed over 

a given time. Because of these limitations and because of a need to develop a 

procedure obviating the direct handling of urine or urine extracts, 

alternative methods of processing were explored. 

A review of literature concerning various procedures used to isolate 

different immune products revealed that tangential flow filtration had been 

used in the separation and partial purification of substances. Tangential 

flow filtration is a separation process that uses membranes to separate 

components of a liquid on the basis of their molecular size differences. 

Components of a solution smaller than the membrane pores are convected 

through the membrane under applied pressure while the solution flows 

tangentially across the the surface of the membrane (59). As the solution 
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sweeps across the membrane surface, retained components are prevented 

from accumulating and clogging the pores on the membrane surface, a 

common problem in most filtration systems. Several of these membrane 

sheets can be stacked into a membrane casette allowing for surface areas of 

several square meters to be accessed simultaneously for processing liquids. 

Although the use of tangential flow filtration has never been reported as a 

method of extracting TF, it has ben used to extract other immune products 

such as interleukin-1(II-1) (42), interleukin-2 (II-2) (43,44), and interleukin-3 

(II-3) (45). These products, however, had molecular weights of 17,300, 

15,420, and 14,000 respectively (60). This was close to the desired weight, as 

the substance under investigation and TF in blood both appear to have 

molecular weights of less than 10,000 daltons. TF from blood has been 

reported to have a molecular weight of <5,000 (4,); similarly, the TF-like 

substance in urine was extracted through a 6,000 molecular weight cutoff 

membrane 0 molecular weight cutoff membrane (33). Even though no 

report could be found using urine as the material from which extracts had 

been obtained, the specifications of the Pellicon regenerated cellulose filter 

casettes (Millipore,South San Francisco, Ca.) appeared to meet the 

requirements, in that they were low protein binding, could handle the 

range of Ph of urine [4.5-7.8 (61)] without compromise (M51), and could 

easily process the volume of a 24-hour output of 800-2,000 ml (62). 

Materials and Methods 

The purpose of this experiment was to: 1) determine if tangential flow 

ultrafiltration can be combined with stirred cell ultrafiltration to 



successfully extract the active (TF-like) substance from human urine; 2) 

compare the results of the new procedure to those achieved by using TF 

extracted from blood; 3) test urine substance extracted against antigen 

specificity and cross-reactivity. 
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1) Tangential flow ultrafiltration combined with stilTed cell ultrafiltration 

to extract the active (TF-like) substance from human urine: 

Procedure for processing urine: 

Pre.paration of urine: A 24-hour collection of human urine was collected 

from three donors who had been previously skin-tested for reactivity to 

._ purified protein derivative of Seiberts (PPD-S) and Coccidioides immitis 

(cocci). Volumes of2160, 1910 and 1460 mls! 24 hour with pH's of5.S, 6.3, 

and 6.1 for donors 1,2 and 3 respectively were filtered through a .2 micron 

146 mm Gelman filter (Gelman Sciences, Ann Arbor Mi.) with 30 p.s.i. 

positive pressure. The filtrate of each donor was separately passed through 

a 10,000 MWCO Millipore membrane regenerated cellulose cassette 

(Millipore Corp., South San Francisco, Ca.) in a Millipore Pellicon filtration 

unit using a peristaltic pump at 20 p.s.i.. The filtrate of each was shell 

frozen in 500 ml round bottom flasks by placing them in a solution of dry ice 

and acetone and slowly turning the flasks until the urine was shell frozen 

to the sides of the flasks. The frozen filtrates were then lyophilized to 

dryness at -100° C. under a partial vacuum of 2 mm Hglinch. Dry matter of 

each was reconstituted to 10% v/v and stirred with a magnetic stirrer for 

one hour at 4° C. To this was slowly added acetone previously cooled to -20° 
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C until a 60% acetone solution was reached. The solution was stirred 

continuously during the addition of the acetone and for 1 hour afterward at 

4° C. Following this, the solution was then filtered through a 150 nun #1 

Whatman filter (Whatman Inc. Clifton, N.J.). To each filtrate was added -

20° C acetone to 90%v/v, and stirred for one hour as above. The precipitates 

from this procedure were collected and separately reconstituted to 10% v/v 

and subsequently filtered in a 43 nun stirred cell under 30 lbs of nitrogen 

through a 5,000 MWCO membrane (Micro Filtration Systems, Dublin, Ca). 

After processing, samples were kept at -20°C until needed. 

Mouse footpad test -The mouse footpad test (37) was used as an indicator of 

passive transfer using PPD-S and cocci as the challenge antigens according 

to the procedure for footpad testing given previously (Chapter 3). Each 

group (five mice per group) was injected intraperitoneally (Ip) with .5 ml of 

urine extract from one of the donors. 24-hours later, .05 ml of one of the test 

antigens was injected into the right front footpad (.05 ml PPD-S = 25 mcg 

PPD-S, or .05 ml undiluted cocci) using a different animal group for each 

antigen. Both front footpads were read 24 hours later, using the 

measurement technique described earlier (Chapter 3). 

2) Comparison of results to negative pressure dialysis 

Pre.Daration of urine - Test material from one of the donors was divided into 

2 volumes and processed according to the procedure used in aliquot #2 of 

the previous study (Chapter 3). The other 1/2 was processed according to the 

procedure given above. The two urine extracts were then administered to 
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two groups of test animals according to the procedure described above using 

the mouse footpad test as the indicator. 

3) Comparison of extract with TF extracted from blood: 

Preparation of urine - 24-hour urine sample from donor 1 was processed 

according to the procedure given previously for testing three donors with 

two antigens (Chapter 3). Blood TF was extracted from previously 

leukophoresed blood from the same donor and tested using the mouse 

footpad test as the indicator. 

Preparation of blood - Previously leukophoresed blood from a subject with 

known sensitivities to PPD-S and cocci was diluted with .15 N sterilized 

saline solution to a concentration of lxl07/ml WBC equivalents (or one 

mouse unit) and subjected to 10 repetitions of freeze-thaw using dry ice in 

an acetone bath for freezing and a 37° C water bath for thawing. The 

solutions was centrifuged for 60 minutes at 20,000 rpm in a Beckman J 221 

centrifuge. The supernatant was siphoned off and acetone precipitated 

using the 60% and 90% procedure as above. The semi-purified cell lysates 

were then filtered through a #1 Whatman filter (Whatman Inc. Clifton, 

N.J.) under 20 lbs of negative pressure through a Buckner funnel before 

being processed through a 5,000 MWCO stirred cell membrane as above. 

This dialysate was then lyophilized and stored dry until used at which time 

it was reconstituted with sterilized .15 N NaCI to the original volume of the 

1x107/ml WBC equivalents concentration. 
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MQuse footpad test - .5 ml of the test material was then injected Ip into a 

group of five mice, who were treated according to procedures given 

previously (Chapter 3) using cocci as the challenge antigen. 
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4) Evaluation ofTF-Jike substance in urine for antigen specificity and cross

reacti.viCy 

In order to check for cross reactivity and for nonspecific antigenicity, urine 

extracts from donor 1 were injected Ip into four groups of mice (five per 

group) using the mouse footpad test. PPD-S (.05 ml=250 mcg), purified protein 

derivative - Bovis (PPD-B) (Syntex), cocci (Northerly #2, 1980) and Infectious 

Bovine Rhinotracheitis (IBR) lParainfluenza-3 (IBR-PI-3) (Affiliated Labs, 

Bushnel, Tenn.) respectively were used as challenge antigens. Urine extracts 

were prepared according to the procedure for testing the three donors for two 

antigens above. The mouse footpad test was used as the biological indicator, 

using the procedure given earlier (Chapter 3). 

Statistical analysis 

A randomized factorial analysis of variance (55) was used for all of the 

experiments to determine statistical variation of groups in all of the 

experiments presented in this chapter. The Scheffe post hoc F-test (56) was 

used to determine statistical differences among groups for each section of 

this study. 
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Results 

Experiment 1- Tangential flow and stirred cell filtration:- Using material 

from three donors using cocci and PPD-S as the challenge antigens are 

given in Tables 8,.9 and 10. The data given in Table 8 show that when PPD

S was used as the challenge antigen, the donor 1 group (D1) had a mean 

difference of 4.2 mm between front footpads. Donor group 2 (D2) had a mean 

difference of2.5 mm and donor group 3 (D3) had a mean difference of 0.1 

mm. The control group (C) had a mean difference of 0.2 mm. When cocci 

was used as the challenge antigen, D1 had a mean difference of 3.0 mm, D2 

had 0.5 mm and D3 had a difference of 0.6 with control having a mean 

difference of 0.1 nun. 

An analysis of variance for the three donors with two challenge antigens is 

shown in Table 9. The results showed significant differences (p< .001) 

among the groups. Post hoc tests using the Scheffe's F-test (55) (Table 10) 

revealed significant differences (p< .05) for the following groups: When 

PPD-S was used as the test antigen, D1 showed significant differences from 

controls as well as from the D2 and D3 groups. In addition, D2 also 

significantly differed from D3 and controls. D3 did not vary significantly 

from C, but like the controls it showed significant differences from D1 and 

D2. Using cocci as the challenge antigen, D1 varied significantly from C as 

well as from D2 and D3. D2 and D3 did not vary significantly from C or 

among themselves. 
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The overall results are shown in Figure 3. As can be seen from the figure, 

Dl group had statistically higher scores from C on both of the antigens, 

whereas D2 showed differences on only the PPD challenge. D3 showed no 

significant differences from C on either test. When footpad results were 

compared with skin tests, the donor groups that varied significantly from 

control responses also showed a correspondingly positive skin test to the test 

antigen (Table 11). 

The urine extracts from donor 1 showed significant differences from 

controls for both antigens on the mouse footpad test and donor 1 was skin 

test positive for both test antigens. Test material from donor 2 showed 

significant changes from controls on the footpad test for both antigens for 

PPD-S, but not for cocci. His skin test was positive for PPD-S and negative 

for cocci. Test material from donor 3 was negative on the mouse footpad 

tests and he tested negative on both skin tests. 
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Table 8 Descriptive data for mouse footpad swelling from mice 
injected with urine extracts from donors using PPD-S 

and Cocci as the challenge antigens. 
Antigen Group n Count Mean Standard Error 
PPD-S 

Cocci 

Donor 1 
Donor 2 
Donor 3 
Control 

Donor 1 
Donor 2 
Donor 3 
Control 

5 
5 
5 
5 

5 
5 
5 
5 

4.2 
2.5 
0.1 
0.2 

3.0 
0.5 
0.6 
0.1 

0.34 
0.22 
0.33 
0.12 

0.2 
0.2 
0.2 
0.1 

6 1 
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Table 9 Analysis of variance of footpad swelling using material from three 
donors and PPO-S and Cocci as the challenge antigens 
Antigen Source Degrees Sum of Mean F value 

freedom Squares Squares 

ppo-s Between groups 3 58.5 19.5 53.7" 
Within groups 16 5.8 0.4 
Total 1 9 64.2 

Cocci Between groups 
Within groups 
Total 

.. = p< 0.0001 

3 
16 
19 

26.1 
2.4 

28.5 

8.7 
0.2 

57.9" 
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Table 10 Post hoc analysis using using PPO-S and cocci as challenge 
antigens and test material from three donors 
Antigen Comparison Mean F-test 

Difference 
ppo-s Controls vs Donor 1 4 36.8* 

Controls vs Donor 2 2.3 12.2* 
Controls vs Donor 3 - 0.1 00.0 
Donor 1 vs Donor 3 1 .7 0 6 . 6 * 
Donor 1 vs Donor 2 4 . 1 3 8 . 6 * 
Donor 2 vs Donor 3 2.4 13.2* 

Cocci Controls vs Donor 1 2.9 46.7* 
Controls vs Donor 2 0 .4 00.9 
Controls vs Donor 3 0.5 01.3 
Donor 1 vs Donor 3 2.5 34.7* 
Donor 1 vs Donor 2 2.4 32.0· 
Donor 2 vs Donor 3 -0.1 00.1 

*= p< .05 
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Table 11 Comparison of mouse footpad swelling results and skin tests 

on three donors using PPO-S and Cocci as challenge antigens 
PPD-S Cocci 
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..... ~ ..... --~----~--..... --~~---
Comparison F-test Skin test F-test Skin test 

-C~o-n-tr-o~ls..Lv-s~D~o-n-or-1~-3~6-...... 8 ~* -----+----- 46.7 * + 
Controls vs Donor 2 1 2 .2* + 0 .9 
Controls vs Donor 3 0.02 1 .3 

* = p< .05 
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Mouse 
footpad s"'e11i ng 
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3 
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t* 
~* 

!* 
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Donor 1 

.=PPD-S 
0= cocci 

Donor 2 

bars = one standard error 

Donor 3 Control 

*= significantly different (p<.OS) from controls 

Figure 3 Mouse footpad swe11ing in mice receiving urine extract from 
different donors using PPD and cocci as the cha11enge antigens. 
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Experiment 2- Comparison of methods for TF concentration: The results of 

the comparison between processing the test material using the original 

procedure (chapter 3) and the proposed procedure are shown in Tables 12, 

13 and 14. Mean footpad swelling for the two procedures were nearly 

identical with mean difference of 4.3 nun in footpad swelling with material 

from the original procedure and 4.4 mm using material from the proposed 

procedure. Controls had a mean difference of 0.3 mm. An analysis of 

variance of the results (Table 13) had an F value of 55.5 which was 

significant at the p< 0.001 level. 

Post hoc analysis of these results using the Scheffe F test (Table 14) showed 

that there were statistically significant differences (p< 0.05) between 

controls and the original procedure and between control and the new 

procedure. No significant differences were seen between the original and 

the proposed procedure. 

Experiment 3- Urine extracts from tangential flow vs. TF from blood: The 

same donor was also tested with the cocci antigen using TF extracted from 

blood and from urine using the procedure as described above for blood and 

urine. Mouse footpads results are shown in Tables 15, 16 and 17. 

Descriptive data shown in Table 15 had a mean swelling of 3.9 mm in 

animals receiving material extracted from blood, 3.2 mm for urine and 0.1 

nun for controls. An analysis of variance performed on this study (Table 16) 

produced an F value of 58.4 which is significant at the p< .0001 level. Post 

hoc analysis using the Scheffe F-test (Table 17) showed significant 
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differences (p< .05) between controls and the mice receiving the blood 

extract and between controls and the mice receiving the urine extract. 
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No significant differences were seen between the blood and urine groups. 

As can be seen from Figure 5, the change was due to an increase in footpad 

swelling for both the blood and the urine extract groups. 



Table 12 Descriptive data for Negative pressure dialysis vs Tangential flow to 

process urine extracts with TF·Like activity using PPD·S as the 
challenge antigen 
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Group n Count Mean Standard Error 
Negative pressure 5 4.3 0.3 
dialysis 
Tangential flow 5 4.4 0.2 
Controls 5 0.3 0.3 



Table 13 Analysis of variance comparing negative pressure dialysis 
to tangential flow 
Source Degrees of Sum of Mean F Value 

Freedom Squares Squares 
Between groups 2 33.3 16.65 55.5" 
Within groups 12 3.6 0.3 
Total 14 36.9 
*= p< 0.0001 

69 
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Experiment 4- Evaluation of TF extracted by tangential flow for antigen 

specificity and cross-reactivity: The results of comparing the response of 

the four groups of mice receiving material from donor 1 and challenged 

with a different antigen for each group are shown in Tables 18, 19 and 20. 

Descriptive data (Table 18) showed that the group receiving PPD-S as the 

challenge antigen had a mean footpad swelling of 4.5 mm while its control 

had a mean swelling of 0.1 mm. The PPD-B group had a mean of 0.0 rom 

and its control group had a mean footpad swelling of 0.1 mm. The group 

receiving cocci as the test antigen showed a mean footpad swelling of 3.7 

rom compared to their control group with 0.1 rom. The IBR group had a 

mean of 0.1 rom with their controls having 0.3 mm. Donor skin tests for the 

antigens showed a positive response for the PPD-S and cocci antigens with 

no response for the PPD-B. An analysis ofvariance( Table 19) of these 

results showed significant differences between groups producing an F 

value of32.7 (p< .0001). A post hoc analysis (Table 20) using the Scheffe 

group comparison showed significant differences between the PPD-S 

controls and the PPD-S challenge group with a mean footpad difference 

between the groups of 4.4 rom producing an F value of 13.1 (p< .05). PPD-B 

did not vary significantly from the PPD-B control group. The cocci control 

group did vary from the cocci challenge group having a mean difference of 

3.3 rom in footpad swelling producing an F value of 8.8 (p< .05). IBR control 

vs. IBR challenge had a mean difference of 0.2 which was not significantly 

different. As can be expected from the above results, PPD-S VB. PPD-B 

showed a mean difference in footpad swelling of 4.5 mm, which was 
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significant at the 0.05 level with an F value of 13.7. PPD-S was also 

significantly different from mR challenge tests with mean footpad 

difference of 4.4 mm producing an F value of 13.1 (p< 0.05). PPD-S vs. cocci 

challenge tests showed a difference of 0.8 mm which was not statistically 

different. PPD-B vs. cocci was also significantly different with a mean 

difference of 3.7 mm producing an F value of 9.3 (p< 0.05). There was no 

significant difference between PPD-B and IBR; however, cocci vs. IBR 

showed a significant difference of 3.6 mm producing an F value of 8.8 

(p< 0.05). In summary, post hoc analysis showed a difference of PPD-S 

differing from PPD-S controls, from PPD-B challenge antigens, and from 

IBR. The cocci challenge antigen group significantly varied from its 

control, from PPD-B and from IBR. 
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Table 14 Post hoc comparison of negative pressure dialysis vs. tangential 
flow for extracting TF from human urine 
Comparison Mean difference F-test 
Control vs Negative pressure dialysis 4 63.2* 
Control vs Tangential flow 4.1 66.5* 
Negative pressure dialysis vs Tangential flow -0.1 0.04 
*= p< .05 
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Figure 4 Mouse footpad comparison of negative pressure dialysis and 
tangential flow for extracting TF from human urine using material 
from a donor with a positive skin test reaction to PPD-S and using 
PPD-S as the challenge antigen 
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Table 15 Descriptive data for blood and urine comparison 
from a donor skin testing positive for cocci. 
Group n Count Mean Standard Error 
Blood 5 3.9 0.3 
Urine 5 3.2 0.3 
Controls 5 0.1 0 . 1 
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Table 16 Analysis of variance comparing blood and urine extracts 
from a donor skin testing positive for cocci. 
Source Degrees Sum of Mean F value 

freedom Squares Squares 
Between groups 2 40.9 20.4 5 58 .4 * 
Within groups 12 4.2 0.35 
Total 14 45.1 
*= p< 0.0001 
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Table 17 Post hoc comparison of blood and urine from a donor 
skin testing positive to cocci antigen. 
Comparison Mean difference F -test 
Controls vs blood 3 .8 51 . 5 * 
Controls vs urine 3.1 34.3 * 
Blood vs urine 0.7 1 .75 
*= p< .05 
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Figure 5 Mouse footpad test reaction to the cocci antigen using blood 
and urine exracts from a donor skin-testing positive for cocci. 
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Table 18 Descriptive data for mouse footpad swelling from mice injected 
with urine extracts from donors using PPD-S & cocci as the 
challenge antigens 
Antigen group n Count Mean Standard Skin Test 

Err or 
PPO-S 5 4.5 0.32 + 
PPO-B 5 0.0 0.42 
Cocci 5 3.7 0.41 + 
IBA 5 0.1 0.40 n.d. 
PPO-S control 5 0.1 0.43 
PPO-B control 5 0.1 0.19 
Cocci control 5 0.1 0.10 
IBA control 5 0.3 0.12 
n.d.= not done 



Table 19 Analysis of variance of footpad swelling using material from 
one donor using four challenge antigens as indicators 
of cross-reactivity and non-specific antigen reactions 
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Antigen Source Degrees 
freedom 

Sum of 
Squares 

Mean F value 

ppo-s Between groups 
Within groups 
Total 

*= p< 0.0001 

7 
32 
39 

120.8 
16.9 
137.7 

Squares 
17.3 32.7* 
0.53 



Table 20 Post hoc analysis using using PPO-S, PPO-S, cocci and ISR 
as challenge antigens 
Comparison Mean 

Difference 
PPD-S control vs PPD·S 4.4 
PPD·B control vs PPD·B O. 1 
Cocci control vs cocci 3.3 
IBR contru, vs IBR 0.2 
PPD·S vs PPD·B 4.5 
PPD·S vs cocci 0 . 8 
PPD·S vs IBR 4.4 
PPD·B vs cocci 3.7 
PPD·B vs IBR 0.1 
cocci vs IBR 3.6 
*= significant difference (p< .05) 

F test 

13.1 * 
0.00 
8.8* 
0.03 

13.7* 
0.4 

13.1 * 
9.3* 
0.00 
8.8* 
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Figure 6 Mouse footpad test reaction to four antigens using 
extracts from a single donor. 
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Discussion 

Urine extracts from the three donors had a variety of responses in the 

mouse footpad test. Material from donor 1 was positive for both antigens, 

material from donor 2 tested positive to PPD-S, but not to cocci, and material 

from donor 3 did not produce a response to either of the antigens. 

The results of the mouse footpad test exactly matched the corresponding 

results of the skin tests, in that only significant footpad differences in the 

mice had corresponding positive skin tests on the donors with both of the 

challenge antigens. Although there were only three donors, the probability 

of an exact match occurring by chance is extremely small. This exact 

match of skin tests to mouse footpad testing confirms the validity of the 

results obtained. Further support is given by the matching of the blood 

extract responses shown in Tables 15 and 17 to those of urine extracts and 

skin tests (Table 11). Hence, we have a consistent response in urine extracts 

and skin tests from three donors, and in lymphocytes, urine extracts, and 

skin tests in the one donor from whom we were able to obtain lymphocytes. 

Although we were only able to compare the responses to one antigen, it 

supports the thesis that the substance being extracted from urine by the 

procedure above is the same or at least produces a similar response as blood 

TF. The comparison of this result with the original procedure showed that 

there was a very similar response to PPD-S with both methods. Both of the 

results were consistent with positive skin tests for PPD-S. In order to 
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determine if this response could have been due to cross reactivity or non

specificity, we tested animals injected with urine extract using four 

different antigens. The rationale for the selection of these antigens was that 

confirmation of PPD-S and cocci had already been seen. If there was cross 

reactivity, then a response from the PPD-B antigen should be expected due 

to the similarity of the PPD-S and PPD-B antigens. If the response was due 

to a generalized reaction then there should be a response to an antigen not 

generally considered to produce a human response; i.e. the IBR antigen. 

The results confinn that the response using material from this donor 

showed a specific response pattern with no cross reactivity and no 

generalized response pattern. The lack of cross-reactivity is especially 

striking in that the the PPD-S antigen produced the largest response, while 

the PPD-B produced no response. These results confinn that the urine 

extract appears to be antigen specific, as the two antigens PPD-S and PPD-B 

are of the same myobacterium group (41) and can both be reacted to in man 

(63), yet these closely related pathogens, both eMI regulated, produced 

significantly different responses. Preliminary indicators, then, do indicate 

that there was no cross-reactivity between PPD-S and PPD-B. Data 

throughout this study appeared to confirm that the urine concentrates 

extracted under this procedure exhibit antigen specificity. 

Donor 3 was not responsive to either of the test antigens. Although no 

further tests were completed on this donor, a case history of the donor did 

not reveal any history of anergy. A recent history of contracting and prompt 

recovery from diptheria and viral pneumonia without complications 
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indicates an adequately functioning cellular immune response. One 

possibility is that donor 3 could have a specific immunodeficiency to both of 

the test antigens. Future studies should include a more complete 

evaluation of immunocompetence, eg., MIF and/or mitogen challenges on 

donors, to help confirm the immune status of the donors. 

The procedure also confirms that the substances conferring passive DTH 

are below 5,000 Daltons, as the final filter used was a 5,000 mwco 

membrane. Given the relative status of these cutoff points, the likelihood of 

the molecule being below 5,000 Daltons is still high. This agrees with the 

finding of others who have reported molecular weights of less than 5,000 (4), 

and is well within Lawrence's original definition which indicated a 

molecular weight of below 10,000 (7). The molecular weight of this 

substance needs to be investigated further in order to characterize it for 

future comparisons to the work completed on TF from human blood. 

The Scheffe multiple comparison was used because it is the most 

conservative of the commonly used post hoc tests;that is, it is the least likely 

to yield a type I error, i.e .. , to show a significant difference when one does 

not exist. Because of the small number of donors, the small N count per 

group and because this is the first statistical analysis of a new technique 

using a new material to convey a DTH reaction, it was decided to choose a 

test to minimize type I errors and accept a larger type two error. 

The difference in urinary output varied considerably between the two 

subjects, but it is not believed to be a factor in the results, as the amount of 
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active material excreted over a 24-hour phase would be concentrated into a 

like concentration after the material was lyophilized to dryness and then 

reconstituted on a v/v basis. Jeter anticipated the difference in urinary 

outflow in his original study and obviated the problem by calculating the 

approximate activity level in urine using units of time of urine output and 

equilibrating the amount of activity seen in 30 minutes of urine concentrate 

to that seen in 1 x 107 lymphocyte equivalents(33) (24 hours/30 minutes=48 

mouse units or 48 x 107 lymphocyte equivalents). Donor material could then 

be divided into mouse doses according to the amount of donor urine/time 

instead of using a volumetric basis (64). Although one cannot rule out the 

possibility of volume being a factor, it is not believed to playa prominent role 

in the reaction observed. 

There is a possibility that the pH is a factor in explaining the relationship 

among donors, as the number of antigens to which the donor groups 

responded decreased as the pH declined. With the small amount of donors, 

this may have been an incidental aspect of the study; however, since the all 

subjects were relatively close in pH, the significance of this observation is 

not clear. 

It was interesting to note that the mouse footpad test results for D1 varied 

significantly from D 2 when using PPD-S as the challenge antigen, even 

though both of the donors tested positive to PPD-S in the skin test. The 

significance of this is not known, but it gives a possible indication that the 

mouse footpad test may be able to detect differing levels of sensitivity to 
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antigens and may prove useful in the future for helping to differentiate 

between response amplitude. The only conclusion that can be reported at 

this time from this study is that each time statistical significance was 

reached using the mouse footpad test as an indicator, the physiologically 

significant skin test tested positive for both antigens, but no conclusions can 

be reached concerning the magnitude of response. 

Interpretation of the above results must be done with caution due to the 

small number of donors, small N count of the animal groups and the 

limited number of antigens tested, but the results are encouraging and 

should stimulate further interest in the area. 

Although it cannot be stated for certain that the substance in urine giving 

the positive response is indeed TF, it can be said once again that the 

substance does meet the criteria used to define TF; that is, it appears to 

passively convey DTH, be antigen specific, can be transferred between 

species and has a molecular weight of <10,000 Daltons. Whether the 

substance is identical with TF from blood cannot be determined until both 

substances have been isolated and compared. 

In conclusion, the response achieved in the animal groups injected with 

urine extracts were consistent with the skin tests of the donors and blood 

TF injections produced approximately the same results on the mouse 

footpad test using cocci as the challenge antigen. It can also be said that the 

results of material from the same donor showed a consistency of response 



between the original procedure used to extract the active substance from 

urine and the procedure proposed here. 
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The consistency of response between the results of the method proposed in 

this paper, the skin tests, and the method originally used to extract the 

active substance from urine is one of practical importance. The discovery of 

a procedure to extract TF from urine gave new hope for obtaining TF in 

greater quantity from the same donor. The procedure, however, was not 

practical to use as a standard procedure. As stated earlier, the original 

procedure took seven to nine days to complete. The procedure in this paper 

takes approximately twelve hours to prepare the urine extracts for 

injection. The proposed procedure does not require such intense handling 

of material and avoids the use of membranes that may break or tear or have 

indiscernible ruptures under the negative pressure. The proposed 

procedure should provide a cleaner partial purification with a clearer 

molecular weight cutoff, thereby providing less error in the estimation of 

the size of the active substance. The above procedure can be used to process 

large volumes of material in minutes (instead of days) without direct 

contact to humans. The procedure is easy to implement, takes only a small 

amount of space and equipment to accomplish and can be used by relatively 

unskilled laboratory personnel after only a brief training period. 
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ChapterS 

Determination of the molecuJarweight of an extract from human 
urine resembling transfer factor. 

Introduction 

The preceding two studies have confirmed that the TF-like substance 

extracted from urine has conformed to the requirements of TF extracted 

from blood. Because neither substance has been isolated or characterized 

with any degree of accuracy or certainty, it is important to obtain as much 

basic information as possible concerning the substances. One of the 

primary pieces of identification is the molecular weight (MW) of the active 

molecu1e(s). A review of literature concerning the MW of TF from human 

blood shows startling differences in reported findings. 

Examination of the MW of human TF in urine has not been previously 

studied. The work reported indicated a MW ofless than 5,000(i.e. passed 

through a 5,000 MWCO stirred-cell filter). lfthe active substance in human 

blood is the same as the active substance in urine, the most convincing 

evidence to date is that the active substance should have a MW between 

1,000-2,000 daltons (28). 
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Materials and Methods 

Bracketing of molecular weight ofTF using dialysis tubing. 

Preparation of urine A forty-eight hour collection of human urine was 

collected from a donor whom had previously skin tested positive to purified 

protein derivative of Seiberts (PPD-S). The specimen was refrigerated at 4 0 

C after each voiding and processed within eight hours of the completion of 

the forty-eight hour sample catch. The sample was processed according to 

the procedure given in Chapter 4 including the lyophilization, acetone 

precipitation and reconstitution of the urine extract. After reconstitution, 

12.5 mls was separated from the solution to be later used as a control. The 

rest of the concentrated extract was then processed in a 43 mm stirred cell 

under 30 lbs of nitrogen through a 5,000 MWCO membrane (Micro 

Filtration Systems, Dublin, Ca) as described in Chapter 4. Three 12.5 ml 

aliquots were then drawn from this filtrate and placed into one of three 

strips of 24 mm dialysis tubing (spectrum, Houston, Tx) with MWCOs of 

3,000, 2,000 and 1,000 daltons. Each the dialysis tubings had been previously 

soaked for 15 minutes and then washed three times in 1,000 mls of sterile 

DD H20 before having sterile tubing clips (spectrum, Houston, Tx) placed 

on one end. The dialysis tubes were then sealed with previously labeled 

tubing clips and briefly rinsed in sterile DD H20 to remove any trace of 

extract that may have accidently gotten on the outer part of any of the 

membranes. Each dialysis tube was then placed in 20 volumes of sterile DD 

H20 in a 400 ml beaker and stirred with a magnetic stirrer in ambient 
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temperatures of 4° C for one hour. After one hour, the 20 volumes of sterile 

DD H20 containing any dialysate was emptied into a 2,000 ml flask and 

saved at 4° C. This procedure was repeated with 20 more volumes of fresh 

sterile DD H20, after which the dialysate was emptied into the flask holding 

the first. A third 20 volumes of sterile DD H20 was added to the beaker, 

covered and left to stand over night at 4° C. This volume was then combined 

in the 2,000 mI flask and gently blended after which it was shell frozen in 

round bottom flasks and lyophilized to dryness as described in chapter 4 

The dried dialysate was kept at -60 ° C until used. The retentate of each of 

the dialysis tubings were each shell frozen in 50 ml sterile glass screw top 

bottles, lyophilized to dryness and stored at -60 ° C until used. Retentates 

and dialysates of each molecular cutoff was then reconstituted to 12.5 mIs 

with sterilized DD H20, 4.0 mls filtered through a 0.2 micron sterilization 

filter (Gelman super 200- part # 60298, Gelman Sciences, Ann Arbor Mi.) 

in a Swinney filter holder (Gelman- part #4317) using a 10 mIleur-lock 

syringe to remove any possible contaminates and cryo-precipitates. This 

solution was divided into 0.5 ml doses and injected into Balb C mice as 

described in chapter 3. The mouse footpad test as given as previously 

described using PPD-S as the challenge antigen was used as the biological 

indicator. 

Mass spectrophotometer determination of the active fractions 

In order to more closely detennine the active portiones) of the urine extract, 

0.5 m1 of the reconstituted dialysate was re-Iyophilized to dryness after 
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which it was analyzed using a mass spectrophotometer with Fast atom 

bombardment ionization. One microliter of dry sample (equivalent to one 

mouse dose) from the dialysis fraction showing the most activity was 

diluted in 0.5 ml sterilized 2XDD H20 and mixed with 1 microliter of 

glycerol matrix. The mixture was cooled to 12° C. at high vacuum to 

increase the life of the sample material during analysis. Fast atom 

bombardment (FAB) ionization is a technique where a sample is dissolved 

in a liquid matrix and then bombarded with other fast atoms or fast ions. 

The machine used in this study is a custom built, four sector mass 

spectrometer (AMD Intectra, Harpstedt, West Germany) In this study only 

the second mass spectrometer was used. A cesium ion primary beam with 

an intensity of approximately 14,000 volts was used to vaporize the 

substances into the gas phase. The sample molecules were transferred into 

the gas phase, ionized and accelerated to 6,000 volts towards a magnetic 

field. The sample was ionized and the magnet was scanned from a mass of 

70 to 2,500 daltons in 30 seconds. The ions were detected using a 2,000 volt 

electron multiplier and the data stored on a KWS computer (KWS Gmbh. 

supplied by AMD Intectra, Harpstedt,West Germany) which produced a 

hard copy of the results. A multiplication factor of 50 was incorporated into 

the report for clarity and to allow visualization of the peaks. 

Statistical analysis 

A randomized factorial analysis of variance (55) was used in this study to 

determine statistical variation of groups for the experiments presented in 
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this chapter. The Scheffe post hoc F-test (56) was used to determine 

statistical differences among groups for each section of this study. 
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Results 

The results of the bracketing of the molecular weight using equilibrium 

dialysis are shown in Tables 21,22,23 and in Figure 7. The data shown in 

Table 21 show that the 10,000 dialysate control produced a mean footpad 

swelling response of 5.8 mm. The 3,500 dialysate had 5.5 mm followed by 

the 1,000 retentate with 4.8 mm, and the 2,000 dialysate with 3.3 mm. The 

2,000 retentate had a mean footpad swelling of 1.1 mm and the 3,500 

retentate, 1,000 dialysate and PPD-S control all had footpad swellings of 0.7 

mm. A scattergram of the comparison of means and their standard error 

can be seen in Figure 6. 

A completely random design with eight groups was completed on the 

footpad swelling. The results of the analysis of variance indicate a 

significant difference (p< .0001) among the treatment means for the eight 

groups (Table 22). A post hoc analysis was completed on these results and 

are shown in Table 23. Significant differences (p< .05) were seen among the 

following pairs: the 10,000 dialysate group varied significantly from the 

3,500 retentate, 2,000 retentate, 1,000 dialysate and PPD-S control group. In 

addition, the PPD-S control group varied significantly from the 3,500 

dialysate, and 1,000 retentate.groups. The 3,500 dialysate also varied 

significantly from the 3,500 retentate, 2,000 retentate and 1,000 1,000 

dialysate group. The 3,500 retentate varied significantly from the 1,000 

retentate while the 2,000 retentate showed significant differences from the 
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1,000 retentate. The 1,000 retentate also varied significantly from the 1,000 

dialysate results. 

The results of the mass spectrometer fast atom bombardment can be seen 

in Figure 8. The membrane determined most likely to show the active 

portion of the molecule was the 2,000 dialysate. As can be seen from the 

figure, in excess of thirty peaks were detected in the 70-400 dalton range. 

Peaks of activity were seen at 1278,1406,1445.5,1475.31510.8,18801920.1, 

1983,2027.2 and 2142.1 daltons. 



Table 21 Descriptive data for mouse footpad swelling from mice 
injected with urine extracts of varying molecular weight 
using PPD-S as the challenge antigen 

Pore size n Count Mean Standard Error 
10,000 dialysate 6 5.8 0.64 
3,500 dialysate 6 5.5 1.29 
3,500 retentate 6 0.7 0.25 
2,000 dialysate 6 3.3 0.38 
2,000 retentate 6 1.1 0.20 
1,000 dialysate 6 0.7 0.21 
1,000 retentate 6 4.8 0.81 
PPO-S control 6 0.7 0.21 
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Table 22 Analysis of variance of footpad swelling using material from 
dialysates and filtrates of dialysis tubing with molecular 
weights of 3,500, 2,000 and 1,000 daltons 
Source Degrees Sum of Mean F value 

freedom Squares Squares 
Between groups 7 220.1 31.4 13.6* 
Within groups 40 92.3 2.3 
Total 47 312.4 
*p< .0001 
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Table 23 Post hoc comparison using using dialysates and retentates from 
3,500, 2,000 and 1,000 molecular weight cut off dialysis tubing 
Comparison Mean F-test 

Difference 
10,000 Dialysate control vs 3,500 dialysate 0.25 0.01 
10,000 Dialysate control vs 3,500 retentate 5.08 4.80* 
10,000 Dialysate control vs 2,000 dialysate 2.42 1.09 
10,000 Dialysate control vs 2,000 retentate 4.67 4.05* 
10,000 Dialysate control vs 1,000 dialysate 5.08 4.80* 
10,000 Dialysate control vs 1,000 retentate 1.00 0.19 
10,000 Dialysate control vs PPD·S control 5.08 4.80* 
PPD·S control vs 3,500 dialysate 4.83 4.34* 
PPD·S control vs 3,500 retentate 0.00 0.00 
PPD·S control vs 2,000 dialysate 2.67 1.32 
PPD·S control vs 2,000 retentate 0.42 0.03 
PPD·S control vs 1,000 dialysate 0 .00 0.00 
PPD·S control vs 1,000 retentate 4.08 3.10* 
3,500 dialysate vs 3,500 retentate 4.83 4.34* 
3,500 dialysate vs 2,000 dialysate 2.17 0.87 
3,500 dialysate vs 2,000 retentate 4.42 3.62* 
3,500 dialysate vs 1,000 dialysate 4.83 4.34* 
3,500 dialysate vs 1,000 retentate 0.75 0.10 
3,500 retentate vs 2,000 dialysate 2.67 1.32 
3,500 retentate vs 2,000 retentate 0.42 0.03 
3,500 retentate vs 1,000 dialysate 0.00 0.00 
3,500 retentate vs 1,000 retentate 4.08 3.10* 
2,000 dialysate vs 2,000 retentate 2.25 0.94 
2,000 dialysate vs 1,000 dialysate 2.67 1.32 
2,000 dialysate vs 1,000 retentate 1. 4 2 0.37 
2,000 retentate vs 1,000 dialysate 0.42 0.03 
2,000 retentate vs 1,000 retentate 3.67 2.50* 
1,000 dialysate vs 1,000 retentate 4.08 3.10* 
*. significant difference (p< .05) 
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Discussion 

Some interpretation and comparison of the results given in Table 23 help to 

see the implications of the results more clearly. The 10,000 dialysate positive 

control group was utilized as a comparison because it was considered a safe 

MWCO below which passive DTH was likely. This MWCO was chosen 

instead of the 6,000 MWCO reported by Jeter (13) due to the possibility that 

the negative pressure on the dialysis tubing used in that study could have 

distorted the pore size and allowed molecules substantially larger than the 

6,000 MWCO to pass through. the membrane. Therefore, in Table 23, 

groups comparing favorably with this response i.e. by showing significant 

footpad swelling, probably contain the active substance(s) and should not 

show significant differences from this positive control group. Conversely, 

groups in which there was little or no activity should show significant 

differences from the 10,000 dialysate group. The results showed a 

significant difference between the 10,000 and the 3,500 retentate groups. 

When this result is compared to the mean differences in footpad swelling 

shown in Table 21, there was only slight footpad swelling in the 3,500 

retentate group (0.7 mm) and considerable swelling in the 10,000 group (5.8 

mm). The most plausible interpretation of this significant difference is that 

the active molecule is less than 3,500 daltons as molecules greater than this 

nominal cutoff would be retained by the 3,500 membrane and would 

therefore have been present in the retentate. A significant difference was 

also reported between the 10,000 dialysate and the 2,000 retentate with a 

mean difference of 4.67 mm. This indicates that the active molecule has a 
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molecular weight ofless than 2,000 daltons. The 10,000 dialysate was also 

significantly different from the 1,000 dialysate group with a mean 

difference of 5.08 mm. meaning that the active molecule was less than 

10,000 but greater than 1,000 daltons. The combined results, then, indicate 

that the active molecule should be between 1,000-2,000 daltons. As could be 

expected, the 10,000 dialysate control was also significantly different from 

the PPD-S control. The PPD-S control is a' negative control in that no 

injection of the antigen was given to these mice to act as an antigen 

stimulant but only the footpad injection of the antigen. Therefore, no footpad 

swelling should be expected. Significant differences from this control group 

should then indicate significant footpad swelling in the counter group. 

PPD-S controls showed significant differences from the 3,500 dialysates 

with a mean difference of 4.83 mm. This gives further indication that the 

active molecule is less than 3,500. Significant differences were also seen 

between the PPD-S control and the 1,000 retentate group with a mean 

difference of 4.08 mm indicating that the active molecule is greater than 

1,000. The results of comparing the PPD-S controls to all of the other groups 

indicate that the active agent is smaller than 3,500 but larger than 1,000. 

This is consistent with the results of the positive control with the exception 

that the comparison between the positive control indicate a more specific 

molecular weight. 

When the 3,500 dialysate was compared to the 2,000 retentate, there was a 

difference of 4.42 mm between the two. This indicates that the active 

substance is less than 2,000 daltons. Significant differences were also 
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recorded for 3,500 dialysate vs. the 1,000 dialysate indicating that the 

molecular weight of the active substance was less than 3,500 but greater 

than 1,000. This is again confirmed by significant difference between the 

the 3,500 retentate which had a mean footpad swelling of only 0.7 mm to the 

1,000 retentate which had a mean footpad swelling of 4.8 mm. The 2,000 

retentate was significantly different from the 1,000 retentate with the 2,000 

retentate having a mean swelling of only 1.1 mm, compared to the 4.8 nun 

swelling of the 1,000 retentate. The molecular weight is therefore indicated 

to be less than 2,000 but greater than 1,000 daltons. Significant differences 

were also seen between the 1,000 retentate and the 1,000 dialysate 

confirming again that the molecule should be larger than 1,000. There 

was, however, a lack of confirmation between the 2,000 retentate and the 

1,000 dialysate. lfthe active molecule is between 1,000 and 2,000 there 

should have been a significant difference seen between the two. In 

reviewing the raw data, it was observed that each of these two groups had 

one outlying result. With a small group N such as the groups have here, 

only one outlier can change the mean and the variance considerably. In a 

larger group this outlier would have been absorbed into the rest of the 

sample and its effect would have been minimal. However, the small N with 

a single outlier combined with using the Scheffe as the post hoc analysis 

instrument was enough to deny statistical differences between the two 

groups .. The Scheffe method is an extremely conservative test for each 

comparison performed leading to the smallest number of significant 

differences and producing the largest number of type II errors (65). 
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In examining Table 21, the difference between the mean of the 2,000 

retentate and the 2,000 dialysate groups, it can be seen that the mean 

dialysate score was exactly three times the retentate mean. Therefore, even 

though statistical significance was not reached between these two groups, 

other test results confirm that the active agent is most likely between 1,000 

and 2,000 daltons. Because of this, the fast atom bombardment was 

completed on the 2,000 dialysate extract. 

Table 21 reported a mean swelling of 3.3 mm in the 2,000 retentate 

compared to 5.8 mm for the tO,OOO control. This difference ill activity level 

could be due to a number of possibilities. One possible explanation of this 

could be an increased concentration of inhibitory agents in the 2,000 

dialysate solution compared to the 10,000 dialysate. These may be 

represented by the large number of peaks seen at the 70-400 range in Figure 

7. Support for this argument is that the mean swelling in the 1,000 retentate 

was greater than the 2,000 dialysate by 1.5 mm. Another possibility is that 

some facilitators with larger molecular weights were removed with the 

lower MWCO membranes allowing the active substance to act without 

amplification. A third possibility is that the 2,000 MWCO membrane did not 

allow complete separation of active from inactive agents or that the 

diffusion across the membrane was incomplete leaving part of the active 

molecules on one side and a greater part on the other. This could happen if 

the volume of water used was not great enough to set up the proper 

diffusion gradient. The above two problems could be resolved in future 

experiments by using larger amounts of water, e.g. 100:1 volumes in three 
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changes, and to re-dialyze the 2,000 dialysate by lyophilizing it and then 

reconstituting it for dialysis through a 1,000 MWCO membrane saving the 

retentate, This should eliminate the molecules below the nominal 1,000 

limit and above the nominal 2,000 dalton cutoff. providing a cleaner sample 

for injection and for F AB examination. 

When using the mass spectrometer fast atom bombardment (FAB), it is 

desirable to have the sample as pure as possible with as few substances in 

the solution as possible. Previous trials using 6,000 mwco membranes were 

unsuccessful in determining any useful information concerning the active 

substances in the solution. due to the number of substances in the extract. 

Examination of the molecular weights determined by F AB confirm that the 

membranes used retained their plus or minus 10% accuracy as the largest 

molecule determined was 2142.1, well below the 2,200 cut off limit for 

membranes of this type. Due to the difficulties in quality control often 

encountered when using highly specific membranes of this nature, this 

was reassuring as to the quality of the membranes used in the study. 

Concerning the interpretation of Figure 7, the amplitude of each peak 

should not be misconstrued as representing the amount of activity 

producing potential of the substance. It represents only the quantity of that 

substance and may have nothing to do with its biological activity if any. It is 

possible that one of the molecules with a lower amount of substance is 

responsible for all or a great part of the activity. It is also possible that 

several peaks represent different forms of the same molecule. Daughter 
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ions of the same molecule can show up as separate peaks as the molecule 

loses a proton, an element or a side chain. The "V=50" in the upper right 

corner indicates that the results were multiplied by 50 to more clearly 

illustrate the results. Having to multiply the results by 50 means that there 

weren't many molecules ionized to the peaks of the sample. This is not 

always due simply to a lack of substance. Sometimes the glycerol matrix 

can actually suppress the ionization of the sample; a possible solution is to 

find a different matrix that doesn't show this suppression effect. At this 

time, there is too little information to determine if this suppression effect is 

present. Another possibility is that the sample contained excessive sodium 

or potassium, either of which can severely suppress ionization.of the 

measured substances. In some cases this suppression can be of such 

magnitude that no signal will be achieved. Future experiments should 

consider desalting the sample by exchange chromatography. However, the 

use of sequential dialysis mentioned above, should also minimize the 

salting of the solution and should therefore, remove any suppression of 

ionization caused by the presence of these salts. 

In the area of molecular weights of chief concern, the results show that 

there were two major areas of peak activity, one between 1270.0 and 1510.8 

and the other between 1880 and 2142.1. Each of these clusters may represent 

one or two molecules and their breakdown products, i.e, the lower 

molecular weights of the cluster may represent daughter ions of a 

molecule. This possibility can be discovered with future research, as 
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further identification of the elements and number of each element in each 

peak should help separate daughter ions from truly different molecules. 

The large number of ions between 70 and 500 Daltons, is much more than 

would be predicted in using the glycerol matrix alone. Most likely this 

represents fragmentized ions or ions of smaller compounds. The 

identification of these peaks may be necessary in subsequent experiments 

as well. 

In conclusion, it appears that the molecular weight of the active substance 

in the urine extract with TF-like activity lies between 1,000- 2,000 daltons. 

FAB has determined approximately 10 peaks lying between 1270 and 2142.1 

daltons. Future experiments should be able to more precisely determine the 

elements in each peak and the number of of atoms of each element. 
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Conclusions 

We have seen that a TF-like substance can be extracted from urine This 

substance conforms to the definition of TF as closely as can be determined, 

in that it can passively convey a delayed-type hypersensitivity (DTH), is 

antigen specific, is independent of antibody production, can be transferred 

between species and has a molecular weight of less than 10,000 daltons 

There is, however, no direct evidence that the substance is a product of T

lymphocytes, as its origin is completely undetermined at this time. It can be 

said, that any substance capable of conveying a passive DTH response does 

involve the stimulation of T-Iymphocytes. 

It was confirmed that a substance with the immunological activity and 

requirements of TF could be extracted from human urine. This was 

demonstrated by showing that the active substance produced responses 

consistent with the definition ofTF. To do this it was shown that the 

substance was consistent in producing a DTH throughout the series of 

experiments. In each instance, when DTH was tested, the substance 

reacted in a predictable manner and produced a DTH-type reaction in the 

recipient mouse, when that mouse was injected with an extract from a 

donor's urine, when that donor had previously shown a positive skin test 

reaction to the antigen tested in the mouse using the footpad swelling test. 

The substance was shown to be antigen specific by producing a positive 

reaction to only those antigens to which the donor had previously tested 

positive and by not responding to antigens to which the donor was not 

reactive. It was shown to independent of antibody production in that the 



active substance appeared in urine and after being filtered through 

membranes with nominal MWCOs of less than 6,000 daltons. Later 

experiments activity could also be confirmed in molecular weights less 

than 2,000. which is far below the weight of any of the antibodies. 
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It was also shown in the first experiment as well as each time the mouse 

footpad test was positive, that this substance could be transferred across 

species in that all material used to convey passive DTH was from human 

urine extracts and all footpad tests were performed on mice. The 

molecular weight was also confirmed to be less than 10,000 in that the 

membranes used to extract the active substances were 6,000 daltons. 

Although there was some question as to the integrity of the cut off weights 

of these membranes due to the amount of positive pressure used, later 

experiments in this paper confirmed that the molecular weight of the active 

substance was well below the 10,000 dalton upper limit needed to conform to 

the definition of TF. The first experiment also showed that the original 

sequence for processing the urine extract to produce the active substance 

need not follow the exact procedure and that the dual acetone precipitation 

and dialysis can be performed in reverse to each other without changing 

the results seen in the mouse footpad test. It was also shown that the same 

procedure can be used to extract TF from leukocytes extracts of whole blood 

as was used to extract this TF-like substance from urine. The experiments 

completed in Chapter 3 showed that the mouse footpad test was a valid and 

reliable indicator of activity. It was reliable in that the results were 

consistent and repeatable, and it was valid in that it tested what was 
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purported to be tested. This was shown by comparing the skin test response 

of the donor to the footpad swelling of the recipient animal. There was exact 

matching of the responses, in that each time there was swelling of the 

footpad, there was a positive response in the donor's skin to the antigen 

used. 

The second major aim of this paper was to develop a more efficient method 

of extraction of this substance from human urine which could be adopted as 

a standard method of extraction. The method finally chosen was a 

tangential flow filtration system driven by a peristaltic pump and equipped 

with a 10,000 MWCO cassette filter followed by lyophilization and dual 

acetone precipitation. A final filtration of the reconstituted concentrate 

through a 5,000 MWCO stirred cell filter completed the process. This 

improved procedure not only provides a tighter MWCO but completes the 

extraction process in 10 hours as opposed to 7-9 days required by the 

original procedure. The results of the extract using this procedure were 

comparable to the results obtained using TF extracted from leukocytes of 

the same donor. The results of both matched the skin test of the donor. 

Further tests comparing antigen specificity and cross reactivity showed 

that the skin test reaction produced responses on the mouse footpad test 

only where the donor had skin tested positive to the antigen. The results 

obtained were comparable to the results obtained using the original 

procedure. The extract produced from the new procedure was also tested 

for cross reactivity. There no detectable cross reactivity using the closely 

related antigens, PPD-S and PPD-B, as test antigens .. PPD-S produced a 
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significant response in footpad swelling and in the skin test response of the 

donor, while PPD-B produced no detectable response. 

The procedure in question was superior to the original procedure, and was 

easier and faster to complete. The substance in questions retained all of the 

properties using this method in that it was antigen specific, produced no 

cross reactivity between closely related antigens and had a molecular 

weight of below 10,000. Its activity also appears to parallel that shown by the 

substance using the original procedure. It appears to be a procedure 

capable of being used in other laboratories wishing to research this 

substance Thus, the second major aim was successfully completed. 

The third major aim of this study was to more closely determine the 

molecular weight of this TF-like substance. The first primary question 

related to this specific aim asked whether the molecular weight of this 

substance can be more closely determined than the present 10,000 daltons 

taken from the definition ofTF. The molecular weight of the active 

substance, determined by the use of equilibrium dialysis membranes was 

determined to be between 1,000 and 2,000 daltons. Within this range a four 

sector mass spectrometer using a fast atom bombardment technique 

revealed 10 peaks of activity between 1270 and 2142 daltons. There were two 

clusters located within this range, one between 1270- 1510.8, and the other 

between 1880-2142.1 daltons. The new procedure set forth in this paper is 

simple, fast, efficient and should be adoptable as a standard method of 

extraction for those interested in researching this subject. The extracts 
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produced from it appear to produce consistently reliable and valid results. 

This methods combined with equilibrium dialysis determined that the 

molecular weight for this substance is between 1,000-2000 daltons, within 

which a molecular weight of between 1270- 1510.8 or 1880-2142 daltons is 

most likely. Future experiments should explore the exact nature of these 

peaks. 

Except for the lack of confirmation that this substance is aT-lymphocyte 

product (which was beyond the scope of this paper), all other indications 

satisfy the conditions for a substance to be called TF. 
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