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In Ulcerative Colitis, The Damage Caused to Gut Cells Is Inflicted by 
the toxic Effects of Auto Immune Complexes, Neutrophils Nets and Pro 
Inflammatory Agents, Cationic Histones and Bacteriolyis Which Can 
All Be Strongly Modulated by Highly Anionic Heparins      
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Today, the pathogenesis of ulcerative colitis, a common 
auto immune  intestinal bowl disorder (IBD), is attributed to a 
dysbiosis, defined as a decrease in gut microbial diversity ow-
ing to a shift in the balance between commensal and potentially 
pathogenic microorganisms [1-9]. Currently, most experts also 
recognize that intestinal imbalance in the structural and/or func-
tional properties of the gut microbiota can disrupt host-microbe 
homeostasis, which is integral to the pathogenesis of ulcerative 
colitis (UC). However, as of today, no specific microbial species 
have been identified as main causative agents, and the use of 
antibiotics, has invariably failed to significantly affect UC patho-
genicity. Today, UC is also considered as an auto immune phe-
nomenon in which negatively- charged immune complexes are 
deposited upon gut epithelia, which commences complex inter-
actions with neutrophils products [10-18]. 

The pivotal role of neutrophils netosis in uc pathogenicity. 
    A special tribute should however be awarded to pioneering 

studies which have pointed out the key role of neutrophils and 
their traps(netosis) [19,20]. These traps are rich in a nucleosome 
and in highly cationic histones and in additional poly cationic 
substances incriminated in the pathogenesis of auto immune dis-
orders. It is well accepted that neutrophils (PMNs) have a main 
biological purpose to kill invading pathogenic microbes and also 
to promote mucosal healing and resolution mediated by inflam-
mation. However, activated PMNs can also function as double 
edged swords [16] by causing  a severe damage to mucosal ar-
chitecture by secreting into the surrounding media a plethora of 
highly toxic pro inflammatory mediators which act in synergy 
to injure cell and tissues creating  a severe relapsing chronic de-
structive inflammation (summarized in detail in)[17,18].  

A novel hypothesis may explain the mechanisms of pathoge-
nicity of auto immune ulcerative colitis.  

For the first time the present communication offers a nov-
el approach that may shed a new light and can also clarify the 

The hallmark of the autoimmune disorder Ulcerative Colitis which destroys gut cells, is the deposition of 
immune complexes mediated by highly cationic histones released by neutrophils traps nets (netosis). These 
poly cations can function not only to kill microorganisms but may also act as potent opsonic agents having 
properties very similar to antibodies. These can then interact by strong electrostatic forces with negatively - 
charged domains in immune complexes facilitating their deposition and also their internalization by gut cell. 
However, the main cause of damage to the gut cells is initially caused by the action of the plethora of highly 
toxic pro inflammatory agents released by activated neutrophils. These mainly include: oxidants, proteinases, 
membrane perforating phospholipases and lyso phosphatides which can act in synergy to injure the intestinal 
cells. Cell damage may also be further aggravated by certain microbial cell wall components released following 
bacteriolysis induced either by antibiotics or by cationic lysozyme. However, a suppression of tissue damage may 
be achieved by the administration to patients of highly anionic heparins and heparinoids, which can neutralize 
histones if also combined with anti oxidants, proteinase inhibitors, inhibitors of phospholipases and by the potent 
anti inflammatory drugs, steroids, methotrexate, colchicin as well as and by novel anti inflammatory biologics 
recently certified for human use.
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mechanisms by which auto immune complexes are deposited 
upon intestinal epithelia such as seen in UC. We postulate that 
highly cationic histones behave like opsonins similar to anti-
bodies [21]. Such opsonins can now bind by strong electrostatic 
forces to negatively - charged domains in immune complexes 
and, similarly to antibodies, can also opsonize microorganisms 
for phagocytosis. This facilitates their localization, binding and 
even their internalization by the gut epithelia. This assumption 
is based on several publications from our laboratories which 
have shown that if suspentions of negatively charged group A 
hemolytic streptococci, Candida albicans [22], whole cell nuclei 
[23], and even entameba [24], which have been pre-coated (op-
sonized) by cationic poly peptides such as histones and also by 
poly alpha basic amino acids, could bind to and also undergo 
endocytosis not only by the professional phagocytes, PMNs, and 
macrophages, but also by epithelial cells, endothelial cells and 
even by fibroblasts and possibly also by gut epithelia. The proof 
that microorganisms and their fragmented cell wall constituents 
induced following bacteriolysis (see below) could localize intra-
cellulary in macrophages to induce a severe relapsing  arthritis 
which  can be verified either by electron microscopy or by mea-
suring muramic acid, an integral specific part of the microbial 
peptidoglycan.

The possible role of infection and bacteriolysis in uc patho-
genicity 

Several microbial species in the gut could undergo bacte-
riolysis due to the activation of their endogenous autolytic wall 
enzymes [25, 26]. This  can be induced either by poly cations 
such as lysozyme from PMNs [27], or also by certain antibiot-
ics [25,26]. Bacteriolysis can release into the surrounding me-
dia toxic cell wall components [28], lipoteichoic  acid [29], and 
peptidoglycan from Gram positive bacteria [25, 26], and also 
toxic  endotoxins from Gram negatives [25,26]. To prevent the 
binding, deposition and endocytosis of immune complexes, and 
also of whole  bacteria by gut epithelia mediated by the action 
of cationic opsonins  [21], it may be  proposed to administer to 
patients  highly negatively-charged heparin[30] and heparinoids 
[31, 32],  which might be able to neutralize the opsonic power of 
poly cations.  . Poly anions may also interfere with the activity of  
pro inflammatory agents released by neutrophil [33-37], and may 
also affect chemotaxis by cytokines [38].  

Drugs that may help to protect against gut damage    
    Being a multi factorial disorder, an effective treatment 

of UC may prove successful by employing multidrug strate-
gies [39], and anionic heparin [30-32]. However, combinations 
among anti oxidants such as N- acetyl cysteine, ascorbate and 
glutathione, which can  abolish severe oxidation reactions, the 
anti  protease aprotinin to abolish elastase activity, and purified 
lecithin to suppress PLA2 and lyso phosphatides toxicities [39], 
may prove beneficial elements. However, this is if these agents 
are combined with: steroids, methotrexate, colchicine. Such 
combinations  might prove effective to depress inflammation and 
particularly the PMNs functions chemo taxis and the toxic action 
of pro- inflammatory agonist. The possible efficacy of antibiotics 
to suppress inflammation in UC [40], is controversial. Specific 
microbial pathogens, such as virulent Escherichia coli strains, 

and Bacteroides species have been linked to the pathogenesis of 
IBD. Antibiotics may influence the course of UC by decreasing 
concentrations of bacteria in the gut lumen and altering the com-
position of intestinal microbiome. Different antibiotics, includ-
ing ciprofloxacin, metronidazole, the combination of both, rifax-
imin, and vancomycin regimens have been evaluated in clinical 
trials for the treatment of inflammatory bowel disease but with 
limited success. More recently, other drugs proposed to be effec-
tive UC, may include: amino salicylates, balsalazide (Colazal), 
mesalamine (Asacol HD, Delzicol), olsalazine (Dipentum), and 
sulfasalazine (Azulfidine), methylprednisolone, or prednisone . 
Screening the recent  literature also suggested the use  in UC of  
biologics such adalimumab (Humira), given by subcutaneous in-
jection, golimumab (Simponi), given by subcutaneous injection 
infliximab (Remicade), given by IV infusion, infliximab-dyb (In-
flectra), given by IV infusion and vedolizumab (Entyvio), given 
by IV infusions [41].Taken together, such proposed treatments 
may perhaps also alter the pathogenicity of other autoimmune 
disorders such as lupus nephritis, rheumatoid arthritis and per-
haps additional autoimmune disorders.  

Conclusions 
Several overlapping and successional steps may help the 

reader to follow the stages of the development and progression 
of UC.Generation of auto immune complexes.The release from 
PMNs nets ( netosis) of highly cationic toxic histones.Histone 
may also function as  a potent opsonic agent possessing  prop-
erties similar to antibodies. Opsonic histones, may  interact with 
and bind by strong electrostatic forces to negatively- charged 
domains in immune complexes, facilitating their deposition and 
possibly also their internalization by gut cells. PMNs migrating 
to the gut undergo activation to release into the surrounding me-
dia a plethora of toxic pro inflammatory agonists. These main-
ly include: cationic peptides, oxidants, proteinases, membrane 
–perforators phospholipase, and  fatty acids which may all act  
synergistically to injure gut ells.Protection against the progress-
ing tissue damage in UC, might be provided to some extent by 
highly anionic heparin and heparinoids which can neutralize 
polycations. This is provided that these are also combined with 
drugs such as, steroids, methotrexate and colchicine and  with 
other drugs  which can  prevent leukocytes  recruitment., chemo-
taxis  and phagocytosis UC may be dealt by non- bacteriolytic 
antibiotics  since these  may  prevent  the release  from bacteria of 
the potent toxic cell wall components, lipotiechoic acid  a  pep-
tidoglycan and  endotoxins. Non - biodegradable microbial cell 
wall components may persist for long periods in macrophages 
capable of perpetuating chronic destructive effects. Toxic oxi-
dants and proteinases  released by PMNs may be controlled  to 
some extent by  multi drug strategies  and by the low molecular 
weight anti- oxidants :glutathione, ascorbate,  N- acetyl cysteine 
as well as by certain plant polyphenols,  and also by the anti-pro-
teinase,  aprotinin.

Author Contributions
  Conceptualization, I.G.; Writing – Original Draft Prepara-

tion I.G.; Writing – Review & Editing, I.G. and M.F.; Supervi-
sion, I.G.; Funding Acquisition, I.G.



British Journal of Gastroenterology

187Br J Gastroenterol 2020, 2:3

Competing interests
   The authors declare that they have no competing interests

Funding
   Endowment fund contributed by the late S. M. Robbins of 

Cleveland, Ohio USA

References
1. Zuo T, Ng SC. The gut microbiota in the pathogenesis and thera-

peutics of inflammatory bowel disease. Frontiers in microbiology. 
2018; 9:2247.

2. Shen, ZH, Zhu CX, Quan YS, et al. Relationship between intesti-
nal microbiota and ulcerative colitis: Mechanisms and clinical ap-
plication of probiotics and fecal microbiota transplantation. World 
J Gastroenterol. 2018;24:5.

3. Hodgson H, Potter B, Jewell D. Immune complexes in ulcerative 
colitis and Crohn’s disease. Clinical and experimental immunolo-
gy. 1977; 29:187.

4. Silva FA, Rodrigues BL, Ayrizono LS, et al. The immunological 
basis of inflammatory bowel disease. Gastro research and practice. 
2016. 

5. Halling ML, Kjeldsen J, Knudsen T, et al. Patients with inflamma-
tory bowel disease have increased risk of autoimmune and inflam-
matory diseases. World J Gastroenterol. 2017;23:6137.

6. Snook J. Are the inflammatory bowel diseases autoimmune disor-
ders? Gut. 1990;31:961.

7. Hodgson H, Potter B, Skinner J. et al. Immune-complex mediated 
colitis in rabbits. An experimental model. Gut. 1978;19:225-232.

8. Wilson JC, Furlano RI, Jick SS, et al. Inflammatory bowel disease 
and the risk of autoimmune diseases. Journal of Crohn’s and Coli-
tis. 2016; 10:186-193.

9. De Mattos B, Garcia M, Nogueira JB, et al. Inflammatory bowel 
disease: an overview of immune mechanisms and biological treat-
ments. Mediators Inflamm. 2015; 49:30 12.

10. Kaplan MJ. Role of neutrophils in systemic autoimmune diseases. 
Arthritis research & therapy. 2013; 15:1-9.

11. Chatfield SM, Thieblemont N, Witko-Sarsat V. Expanding neu-
trophil horizons: new concepts in inflammation. Journal of innate 
immunity. 2018; 10:422-431.

12. Cecchi I, de la Rosa IA, Menegatti E et al. Neutrophils: Novel key 
players in Rheumatoid Arthritis. Current and future therapeutic tar-
gets. Autoimmunity reviews. 2018; 17:1138-1149.

13. Zhao Y, Marion TN, Wang Q. Multifaceted roles of neutrophils in 
autoimmune diseases. 2019, Hindawi.

14. Németh T, Mócsai A. The role of neutrophils in autoimmune dis-
eases. Immunology letters. 2012, 143, 9-19.

15. Wéra O, Lancellotti P, Oury C. The dual role of neutrophils 
in inflammatory bowel diseases. Journal of clinical medicine. 
2016;5:118.

16. Smith JA. Neutrophils, host defense, and inflammation: a double‐
edged sword. Journal of leukocyte biology. 1994; 56:672-686.

17. Ginsburg I. Could synergistic interactions among reactive oxygen 
species, proteinases, membrane-perforating enzymes, hydrolases, 
microbial hemolysins and cytokines be the main cause of tissue 
damage in infectious and inflammatory conditions? Medical hy-
potheses. 1998; 51:337-346.

18. Ginsburg I, Kohen R. Invited review: cell damage in inflamma-
tory and infectious sites might involve a coordinated “cross-talk” 

among oxidants, microbial haemolysins and ampiphiles, cationic 
proteins, phospholipases, fatty acids, proteinases and cytokines (an 
overview). Free radical research. 1995; 22:489-517.

19. Yang H, Biermann MH, Brauner JM, et al. New insights into neu-
trophil extracellular traps: mechanisms of formation and role in 
inflammation. Front. Immunol. 2016; 7:302.

20. Brinkmann V, Zychlinsky A. Beneficial suicide: why neutrophils 
die to make NETs. Nat Rev Microbiol.. 2007; 5:577-582.

21. Ginsburg, I. Cationic polyelectrolytes: a new look at their possible 
roles as opsonins, as stimulators of respiratory burst in leukocytes, 
in bacteriolysis, and as modulators of immune-complex diseases (a 
review hypothesis). Inflammation. 1987; 11:489-515.

22. Ginsburg I, Sela MN, Morag A et al. Rabinowitz-Bergner S, 
Thomas P.P, Davies P.Niccols J. Role of leukocyte factors and 
cationic polyelectrolytes in phagocytosis of group a streptococci 
and Candida albicans by neutrophils, macrophages, fibroblasts and 
epithelial cells. Inflammation. 1981; 5:289-312.

23. Hubner G, Voigt W, Schlumberger H, et al. Poly-L-Arginine Op-
sonizes Nuclei for Phagocytosis by Mouse Fibroblasts. IRCS 
MEDICAL SCIENCE-BIOCHEMISTRY. 1985; 13:934-935.

24. Ginsburg I, Mor N, Resnick M, et al.  Polycationic agent facilitates 
endocytosis of microorganisms by amoebae. Eur. J. Cell Biol. Sup-
plement. 1986; 4:130-133.

25. Ginsburg I, Koren E. Bacteriolysis–a mere laboratory curiosity? 
Crit rev microbiol. 2018, 44, 609-618.

26. Ginsburg, I. The role of bacteriolysis in the pathophysiology of in-
flammation, infection and post‐infectious sequelae. Apmis. 2002; 
110:753-770.

27. Wecke, J, Lahav M, Ginsburg I, et al. Cell wall degradation of 
Staphylococcus aureus by lysozyme. Archives of microbiology. 
1982; 131:116-123.

28. Cromartie WJ, Craddock JG, Schwab JH, et al. Arthritis in rats 
after systemic injection of streptococcal cells or cell walls. J Exp 
Med. 1977; 146: 1585-1602.

29. Ginsburg, I. Role of lipoteichoic acid in infection and inflamma-
tion. The Lancet infectious diseases. 2002, 2, 171-179.

30. Wildhagen, K, Garcıa de Frutos P, Reutelingsperger C et al. Nonan-
ticoagulant heparin prevents histone-mediated cytotoxicity in vitro 
and improves survival in sepsis. Blood. 2014, 123, 1098-1101.

31. Van Bruggen MC, Walgreen B, Rijke TP, et al. Heparin and hepari-
noids prevent the binding of immune complexes containing nucle-
osomal antigens to the GBM and delay nephritis in MRL/lpr mice. 
Kidney international. 1996; 50:1555-1564.

32. Warren, J, Ward P, Johnson K, et al. Modulation of acute immune 
complex-mediated tissue injury by the presence of polyionic sub-
stances. Am J Clin Pathol. 1987; 128:67.

33. Ginsburg I, Kohen R. Synergistic effects among oxidants, mem-
brane-damaging agents, fatty acids, proteinases, and xenobiotics: 
killing of epithelial cells and release of arachidonic acid. Inflam-
mation. 1995; 19:101-118.

34. Varani, J, Ginsburg I, Schuger L, et al. Endothelial cell killing by 
neutrophils. Synergistic interaction of oxygen products and prote-
ases. Am J Pathol. 1989; 135:435.

35. Xu J, Zhang X, Pelayo R, et al. Extracellular histones are major 
mediators of death in sepsis. Nature Med. 2009;15: 1318-1321.

36. Ginsburg I, Mitra RS, Gibbs DF, et al.  Killing of endothelial cells 
and release of arachidonic acid. Inflammation. 1993; 17:295-319.

37. Ginsburg I, Korem M, Koren E, et al. Pro-inflammatory agents 



Br J Gastroenterol 2020, 2:3

British Journal of Gastroenterology

188

released by pathogens, dying host cells, and neutrophils act syner-
gistically to destroy host tissues: a working hypothesis. J Inflamm 
Res. 2019;12:35.

38. Strober W, Fuss IJ. Proinflammatory cytokines in the pathogen-
esis of inflammatory bowel diseases. Gastroenterology. 2011; 
140:1756-1767. e1751.

39. Ginsburg I. Multi-drug strategies are necessary to inhibit the syner-

gistic mechanism causing tissue damage and organ failure in post 
infectious sequelae. Inflammo pharmacology. 1999;7: 207-217.

40. Aberra FN, Brensinger CM, Bilker WB, et al. Antibiotic use and 
the risk of flare of inflammatory bowel disease. Clini Gastro Hepat. 
2005;3:459-465.

41. Pastorelli L, Pizarro TT, Cominelli F, et al. Emerging drugs for the 
treatment of ulcerative colitis. Expert opinion on emerging drugs. 
2009; 14:505-521.

To cite this article: Feldman M, Ginsburg I. In Ulcerative Colitis, The Damage Caused to Gut Cells Is Inflicted by the toxic Effects of Auto Immune Complexes, 
Neutrophils Nets and Pro Inflammatory Agents, Cationic Histones and Bacteriolyis Which Can All Be Strongly Modulated by Highly Anionic Heparins. British 
Journal of Gastroenterology. 2020; 2:3.

© Feldman M, Ginsburg I. 2020. 


