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Abstract. The paper by Lai et al. [1] showed that inhibition of PP-2A with LB100 or LB102 in 

conjunction with Tyrosine kinase Inhibitors (TKIs) was effective at targeting BCR-ABL+ blast 

cells and insensitive leukemic stem cells (LSCs). Perotti et al. [2] has severely criticized the paper 

by Lai et al [2]. However, Perotti et al. [2] has failed to appreciate an important principle of the 

role of PP-2A as a tumor suppressor and its regulation in the cell, namely that in general, PP-2A 

dephosphorylates and inactivates enzymes and proteins that upregulate cell proliferation, cell 

survival, tumorigenic and metastasizing pathways but with a limited number of enzymes and 

proteins, PP-2A acts to upregulate them. Thus, PP-2A is a double-edge sword and modulation of 

its activity must be calibrated empirically. Also, Perotti et al. [2] has misunderstood an important 

principle of enzyme regulation, namely that PP-2A is regulated by inhibitory and activating 

molecules and not through "targeting proteins" which has not been scientifically verified. It is 

submitted that the paper by Lai et al. [1] has strong merit as it shows for the first time that an 

inhibitor of PP-2A can synergize with a TKI. 

_______________________________________________ 

In their paper, Lai et al [1] shows convincingly 

that less toxic derivatives of PP-2A inhibitor, 

Cantharidin, namely the water soluble (LB-

100) and the lipid-soluble (LB102) which are 

in clinical trials together with Tyrosine kinase 

Inhibitor (TKI), Imatinib mesylate (IM) 

caused (i) synergistic cytotoxicity in IM-

resistant cells . (ii) an increase of G2-M cell 

cycle cycle arrest with key features of mitotic 

catastrophe in IM-resistant cells, (iii) a 

decrease in protein phosphorylation and 

expression of several key signaling proteins 

including, BCR-ABL, JAK2 and STATS (iv) 

a slight reduction in AHI-1 and ß -catenin 

expression, (v) reduction in phosphorylation 

of Y204 of ERK, and Y86 of ß-catenin, 
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component of PI3K and RAS/MAPK 

pathways (vi) decrease in total ß-catenin with 

related resuction in transcripts of several ß-

catenin sownstream target genes, including 

CCND1, MYC, LEF1 and TCF1. (vii) 

reduction in phosphorylation of BCR-ABL, 

JAK2, AKT and STAT5 with knockdown of 

the catalytic subunit of PP-2A in the absence 

of LB100. Lai et al. [1] also showed that both 

IM or DA with LB100/LB2102 (i) 

significantly decreased the viability and 

colony growth of CD34+ stem/progenitor cells 

obtained at diagnosis from patients classified 

retrospectively as IM non-responders in 

comparison to CD34+  healthy bone marrow 

cells, (ii) significantly eliminated primitive 

leukemic cells, (iii)  decreased the 

engraftment of BCR-ABL+ blast cell in 

sublethally irradiated nonobese diabetic 

(NOD)/severe combined immunodeficient 

(SCID) interleukin-2 receptor ɣ-chain-

deficient (NSG) mice., (iii) prolonged the 

survival of leukemic in a transgenic mouse 

model of CML. 

 

The paper by Lai et al. [1] was severely 

criticized by Perotti et al. [2] who argued that 

the claim of Lai et al. [2] was "speculative at 

best" on the grounds that "PP2A is a tumor 

suppressor inactivated in nearly all types of 

cancer, mostly by increased expression of its 

inhibitors SET (I2PP2A, PP2A inhibitor 2) 

and CIP2A, and preclinical studies have 

shown strong anticancer effects and very low 

toxicity profiles of SET-sequestering and 

PP2AA-interacting PP2A-activating drugs 

(PADs). Conversely, PP2A-inhibiting drugs 

(PIDs; such as LB100), developed on the basis 

of the highly toxic and tumor-promoting 

phosphatase inhibitors okadaic acid and 

cantharidin, induced Akt activation- and 

PP2A-B55δ inhibition-dependent mitotic 

catastrophe in tumor lines and reduced tumor 

growth but did not induce regression while 

causing grade 3 toxicity in patients enrolled in 

the first LB100 trial" [3,4].  

 

The statements of Perotti et al. [3] are quite 

misleading. There is currently no scientific 

evidence that proves that SET (I2-PP2A, 

PP2A inhibitor 2) and CIP2A are specific 

inhibitors of PP-2A. SET has been reported to 

interact with PP-1 and cause the activation of 

PP-1 [5,6]. There is in fact very few studies 

that have shown that SET is a specific 

inhibitor of PP-2A. Preventing the interaction 

of SET could also result in the activation of 

PP-1 which is involved in large number of 

cellular processes, including the control of 

cell metabolism, cell proliferation, cell cycle, 

cell death, tumorigenecity and metastasis. 
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That CIP2A is a specific inhibitor of PP-2A is 

also not proven and quite speculative.  

 

Whether CIP2A could directly inhibit PP-2A2 

at the molecular level is debatable. In order to 

show that CIP2A is a specific inhibitor of PP-

2A2, the effects of CIP2A on the 

dephosphorylation of at least five 

physiological substrates of PP-2A2 and the 

IC50 of the inhibitions must be determined. 

Determining the IC50 if any of the inhibition 

of PP-2A2 is a crucial prerequisite to 

determining whether the effects of CIP2A on 

PP-2A2 at the molecular level is enzyme or 

substrate directed or both. An important 

question that must be answered is whether 

CIP2A binds and inhibits PP-2A2 or PP-2A0 

or PP-2A1 or all of them. Another important 

question that must be answered is whether 

CIP2A binds PP-2A0 and/or PP-2A1 and 

displaces the B' and/or B proteins. CIP2A was 

initially identified as a protein that binds to the 

A subunit of PP-2A2 [7]. Immunoprecipitation 

with anti-CIP2A antibodies brought down the 

A, C, and Bα proteins. However, subsequent 

studies showed that CIP2A was also bound to 

the B'56 and B'56 proteins [8]. It is not clear 

why the B'56 proteins were not found by the 

A subunit bait in [7]. The binding of CIP2A to 

PP-2A that contains the B protein must be 

revisited. The finding that CIP2A could bind 

to c-Myc amino terminus [7] suggests that the 

effect of CIP2A on PP-2A if any was substrate 

directed. However, since there was no 

quantification of the Ka for the interaction 

between CIP2A and c-Myc and IC50 for the 

inhibition of PP-2A by CIP2A, it is impossible 

to determine whether the effect of CIP2A was 

substrate directed or enzyme directed or both. 

As it stands now, all one can conclude is that 

CIP2A interacted with the B' proteins but 

cannot say whether CIP2A is an inhibitor of 

PP-2A or not.  

 

The concept of PP-2A [9] being permanently 

inhibited by inhibitory proteins as opposed to 

a periodic activating mechanism is difficult to 

reconcile with the tumor suppressor activity of 

PP-2A2 as logic would dictate that permanent 

inhibition of PP2A2 would essentially lead to 

cell transformation and tumorigenic 

competency, as has been shown with the 

inhibition of PP-2A2 by SV 40 small t antigen 

[10]. To account for the multiplicity of PP-2A 

substrates in the cell, the concept of B' and B 

proteins as targeting proteins have been 

generally accepted as a dogma. However, the 

concept of B' and B proteins as targeting 

proteins cannot explain all the paradoxical 

effects of PP-2A as a key regulator of 

signaling pathways in normal cells nor can it 

explain all the paradoxical effects as a key 
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controller of enzymes and proteins that are 

components of the cell transformation and 

tumorigenic competency pathways. On the 

other hand, alternative mechanism of PP-2A 

regulation involving B' inhibitory proteins and 

other inhibitory proteins and B activating 

proteins and other activating proteins can 

explain the paradoxical effects of PP-2A and 

the multiplicity of PP-2A substrates. In the 

Inhibitory and Activating (IAA) mechanism 

of PP-2A regulation, PP-2A in the form of PP-

2A2 which consists of the A and C subunits is 

like any other enzymes that are regulated by 

inhibitory and activating molecules. 

Inhibitory molecules like the B' proteins can 

be regulated by phosphorylation and 

activating molecules like the B proteins can 

also be regulated by phosphorylation. While it 

may seem paradoxical that PP2A2 is involved 

in both the activation and inhibition of 

antagonistic cell signaling pathways, the 

presence of an inhibitory or activating protein 

will determine whether PP-2A can 

dephosphorylate its substrates or not (Figure 

1).  For example, PKA is activated by cAMP 

and inhibited by PKI, and Cdk1 is activated by 

the Cyclins and inhibited by INKs. PP-1I is 

inhibited by phosphorylation of PP-1-I1 and 

activated by phosphorylation of PP-1-I-2. The 

principles of protein kinase and Protein 

phosphatase regulations by inhibitory and 

activating molecules are well established 

whereas the concept of PP-2A regulation by 

targeting proteins does not have a scientific 

foundation.  

 

In conclusion, it is submitted that the 

declarations of Perotti et al [2] are misplaced 

and misleading because they were based on 

the assumption that SET and CIP2A are 

specific inhibitors of PP-2A which is 

incorrect. Because PP-2A is a double edge 

sword that in general acts as a tumor 

suppressor but in a few instances can act as an 

oncogene, exploration of both its activation 

and inhibition in human cancer is warranted. 

A thorough understanding of PP-2A 

regulation by inhibitory and activating 

molecules as opposed to the concept of PP-2A 

regulation by "targeting proteins" which has 

no scientific foundation must be revisited in 

order to account for the paradoxical functions 

of PP-2A as a tumor suppressor in most 

instances but also as an oncogene in a few 

cases [Tung, H.Y.L., Manuscript in 

preparation]. 
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Figure 1. Model for the regulation of PP-2A2 by B' inhibitory proteins and B activating proteins. 

ISSN: 2228-7809 | https://jrhsjournal.com

Page 164 of  Vol 18 | Issue 2 - 2026

Journal of Research in Health Sciences



  

 

References. 

1. Lai, D., Chen, M., Su, J., Liu, X., Rothe, 

K., Hu, K., Forrest, D.L., Eaves, C.J., Morin, G.B. 

and Jiang, X. (2018) Sci. Transl. Med., 

DOI: 10.1126/scitranslmed.aan8735. 

PP2A inhibition sensitizes cancer stem cells to 

ABL tyrosine kinase inhibitors in BCR-

ABL+ human leukemia. 

2. Perrotti, D., Agarwal, A., Lucas, C.M., 

Narla, G., Nevlani, P., Odero, M.D., Ruvolo, P.P. 

and Verrills, N.M. (2019) Sci. Transl. Med.,  

DOI: 10.1126/scitranslmed.aau0416. 

Comment on “PP2A inhibition sensitizes cancer 

stem cells to ABL tyrosine kinase inhibitors in 

BCR-ABL human leukemia”. 

3. Ciccone, M., Calin, G.A. and Perotti, D. 

(2015) Front Oncol., Vol. 5, DOI: 

10.3389/fonc.2015.00021 

4. Chung, V., Mansfield, A.S., Braiteh, F., 

Richards, D., Durivage, H., Ungerleider,  R.S., 

Johnson, F. and Kovach, J.S. (2017) Clin. Caner 

Res., Vol. 23, pp3277-3284. 

Safety, tolerability, and preliminary activity of LB-

100, an inhibitor of protein phosphatase 2A, in 

patients with relapsed solid tumors: An open-label, 

dose escalation, first-in-human, phase I trial.  

5. Li, M., Guo, H. and Damuni, Z. (1995) 

Biochemistry, Vol. 275, pp1988-1996. 

Purification and characterization of two potent 

heat-stable protein inhibitors of protein 

phosphatase 2A from bovine kidney. 

6. Katayose, Y., Li, M., Al-Murrani, 

S.W.K., Shenolikar, S. and Damuni, Z. (2000) . J. 

Biol. Chem., Vol 275, pp9209-9214. 

Protein phosphatase 2A inhibitors, I1PP2A and 

I2PP2A associate with and modify substrate 

specificity of protein phosphatase-1. 

7. Juntilla, M.R., Puustiner, P., Niemala, M., 

Aloha, R., Arnold, H., Bottzaw, T., Ala-aho, R., 

Nielsen, C., Ivaska, J., Taya, Y., Lu, S.-L., Lin, S., 

Chan, E.K.L.,  Wang, J., Kallunki, T., Sears, R., 

Hahari, V.-M. and Westermarck, J. (2007) Cell, 

Vol. 130, pp51-62. 

CIP2A inhibits PP2A in human malignancies. 

8. Wang, J., Okkeri, J., Pavic, K., Wang, Z., 

Kauko, O., Halonen, T., Sarek, G., Ojala, P.M., 

Rao, Z., Xu, W. and Westermarck, J. (2017) 

EMBO reports, Vol. 18, pp437-450. 

Oncoprotein CIP2A is stabilized via interaction 

with tumor suppressor PP2A/B56. 

9. Tung, H.Y.L., Alemany, S. and Cohen, P. 

(1985) Eur. J. Biochem., Vol. 148, pp253-263. 

The protein phosphatases involved in cellular 

regulation: Purification, subunit structure and 

properties of protein phosphatases-2A0, 2A1, and 

2A2 from rabbit  skeletal muscle.  

10. Hahn, W.C., Counter, C.M., Lundberg, 

A.S., Beijersbergen, R.L., Brooks, M.W. and 

Weinberg, R.A. (1999) Nature, Vol. 400, ppp464-

468. 

Creation of human tumour cells with defined 

genetic elements. 

____________________ 

ISSN: 2228-7809 | https://jrhsjournal.com

Page 165 of  Vol 18 | Issue 2 - 2026

Journal of Research in Health Sciences

https://doi.org/10.3389/fonc.2015.00021
https://doi.org/10.3389/fonc.2015.00021


  

 

___________________________________________ 
NEW BIOMEDICAL SCIENCES 

EDITED BY H.Y. LIM TUNG, Ph.D. 

(www.newbiomedicalsciences.net) 

(editorialoffice1@newbiomedicalsciences.net) 

VOLUME ONE, ISSUE ONE (JULY 2020), 

___________________________________________ 
 

CALL FOR SUBMISSION OF MANUSCRIPTS IN THE FORM OF ARTICLES AND REPORTS. 

________________________________________________ 

 

1. New Biomedical Sciences is pleased to accept manuscripts in the form of Articles (long or short) with maximum 

of 6 figures plus 2 tables and Review Articles that describe news ways of thinking, new ideas, new theories and 

new ways of doing biomedical sciences.  

 

2. New Biomedical Sciences will not be peer-reviewed by so-called pundits and scientific experts who have no idea 

what biomedical sciences are and how biomedical sciences are practiced at the bench, and who have long ago 

stopped working at the bench with their brains and hands. It is an aberration, tragic and comical that the direction 

of biomedical sciences are now being dictated by so-called top scientific journals (and also most scientific journals) 

that are run by ex-post-docs who could not make it in the highly competitively world of research universities and 

other research institutions, and by other arm-chair scientists who have long ago stopped doing biomedical sciences 

at the bench with their brains and hands.  

   

3. New Biomedical Sciences will only publish papers with significant new ideas, new theories, and new results that 

have or will have relevance in understanding and curing disease states that afflict humans. Review Articles must 

contain new ideas, new concepts and new theories, and not just replicas (rehash) of published scientific articles 

(Scientific Researchers who work at the bench with their brains and hands know how to read the scientific 

literature. There is no need for arm-chair scientists to summarize the boring scientific literature for them).  

 

4. New Biomedical Sciences will only publish papers that are simple but illuminates a high degree of new 

knowledge, ideas and theories.  At New Biomedical Sciences, we believes that the purpose of a scientific paper is 

not to inundate and confuse the reader with irrelevant and mundane facts that cannot be reproduced in most cases 

even by the people who generated them in the first place but to illuminate the reader with new knowledge, ideas 

and theories. 

  

4.  New Biomedical Sciences is not for tricksters who resort to Data Fabrication, Data Falsification and Dishonest 

Scientific Reporting, and violate Scientific Ethics Rules. 

 

5. New Biomedical Sciences challenges the so-called pundits and scientific experts to spend a few months in the 

laboratory at the bench doing some simple experiments on their own without the help of post-docs and research 

associates and see how hard it is to come up with an original experiment, do the experiment, collect the results, 

analyze the results, and write the paper without resorting to Data Fabrication, Data Falsification and Dishonest 

Scientific Reporting.  

  

5. Please submit your Manuscript (pdf or doc format) to: editorialoffice1@newbiomedicalsciences.net.  

 

8. The Editor of New Biomedical Sciences reserves the right to accept or not to publish submitted manuscripts. 

  

9. The Corresponding Author of papers accepted for publication in New Biomedical Sciences will be asked to pay 

a small processing and publishing fee of US $300. (Compare to the enormous and gouging Open Access fee that 

other scientific journals charge!). Abstracts of accepted manuscripts will be posted online at 

www.newbiomedicalsciences.net. Accepted manuscript will be edited to conform to the editorial style of New 

Biomedical Sciences and published in a paperback version. At New Biomedical Sciences, we do not believe that 

scientific articles should be available free of charge and that the authors should pay for others to read their papers. 

No authors in the literary world would pay so that others can read their books for free. At New Biomedical 

Sciences, we do not believe in Communism. We only believe in free enterprise and the market economy. 

 

10. Each Paperback Issue New Biomedical Sciences shall contain no more than eight (8) Articles.   
____________________________________________________________________________________________________________ 

 
ISSUES OF NEW BIOMEDICAL SCIENCES CAN BE PURCHASED AT: 

 www.cactoa.com OR www.newbiomedicalsciences.net 

___________________________________________________________________________________________________________________________ 

ISSN: 2228-7809 | https://jrhsjournal.com

Page 166 of  Vol 18 | Issue 2 - 2026

Journal of Research in Health Sciences



  

 

 

ISSN: 2228-7809 | https://jrhsjournal.com

Page 167 of  Vol 18 | Issue 2 - 2026

Journal of Research in Health Sciences


