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Message from Editorial Board
With profound pleasure, humility and anticipation that we are celebrating the launch of BMANA SCIENTIFIC
JOURNAL (BSJ) with this inaugural issue. BSJ is a peer-reviewed and full open-access official journal of
Bangladesh Medical Association of North America. It publishes basic, clinical, translational and public health
research studies of biomedical field online that bridge clinicians, researchers, young physicians, students and
community people.
On behalf of the BSJ Editorial Board, I would like to extend a very warm welcome to the readership of BSJ. I take
this opportunity to thank our authors, editors, anonymous reviewers and volunteers, all of whom play a critical
role in the BSJ’s historical launch and provide the foundation for its future success.
BSJ provides an ideal forum for exchange information of biomedical field in various formats: full length and letter
length research papers, survey papers, work-in-progress reports on promising developments, case studies and
articles written by scientific experts. The journal’s editorial board is strongly convinced this initiative will provide
science-driven, peer-reviewed articles conforming to the strict international processes and editorial standards
expected by the scientific community. BSJ is published two times a year. To ensure rapid dissemination of
information, we aim at completing the review process of each paper within 8 weeks of initial submission. We are
excited to make BSJ journal in which researchers and other health professionals can routinely find advances of
biomedical filed.
Once again I welcome you to this new journal – your journal! With your support as authors, reviewers, and
editors, I see very bright prospects for BSJ to serve science and the scientific community even better in the future.
We hope to hear from you soon, and we welcome your feedback!
If you have any questions, suggestions, or concerns, please address them to mzaman1069@gmail.com;
zahidunnabi.dewan@nyulangone.org
Thank you. We hope you will find BSJ informative and timely.

Mohammad H Zaman, MD
Chairman, Editorial Board
&
Director, Critical Care Medicine
The Brookdale University Hospital Medical Center, Brooklyn, New York.
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Preface
Words cannot express our euphoria and enthusiasm to inaugurate this scientific journal that carries the banner of
our beloved professional organization of ‘Bangladesh Medical Association in North America (BMANA)’.
Undoubtedly, the birth of this new multidisciplinary journal of medical/clinical sciences is to be celebrated as it
provides a new juncture that defines a positive direction in BMANA’s long cherished vision of serving medical
science in the global horizon. In this opportunity, let me express my sincere congratulation to the team of
BMANA’s scientific endeavors behind this successful venture. On a personal note, I feel very happy to see this
journal initiative is happening in BMANA, which is a dear organization to many Bangladeshi Physicians like me
residing in USA and North America.
The emergence of BMANA Scientific Journal looks promising for Bangladeshi clinicians and scientists in
biomedical research arena within USA and beyond. The main emphasis of this journal is to develop an interactive
research interest and discussion among the various sections of Bangladeshi scientists from the bio-medical,
clinical and population research fields. Medicine is a science and practice of disease diagnosis, treatment, and
prevention. The inter-connection of medicine, health care, information technology, and pharmaceutical sciences
have brought significant changes in modern drug discovery and development and steered the way for impending
research and innovations. The objectives of the BMANA Scientific journal encompass advances in fundamental
and applied science, and the clinical, social, and ethical issues involved. The journal intends to report on drug
discovery from the laboratory bench to their introduction into healthcare, and in so doing, it will support
interaction between scientists and doctors. Educational resources will also play a central role in translating
laboratory findings into the clinic, and clinical research will support and inform the scientists in their objective to
confront and conquer the major healthcare problems of this century. This BMANA journal is emphasizing its focus
on the scientific advances of medicine and the practice of medical knowledge in multi-disciplinary areas of health
and disease. We believe that the progression of this scientific journal will provide an innovative and
comprehensive overview of the latest developments in the field of Medicine through enriched by scientific articles
and contributions written by a by a pool of experts in various fields of specialty. Each episode of this Journal will
be featured with scientific materials presented by members of BMANA who are involved as clinical investigator,
research fellows, and resident physicians as well as student researchers affiliated with BMANA members. The
publication of these journals is designed to encourage, nourish, and share the scientific endeavor among the
members of this great organization that represents medical professionals of Bangladeshi origin in North America.
In our beloved organization of BMANA, we support the view that a multidisciplinary approach, sometimes called
‘translational medical science’, is an efficient way of transferring new discoveries and knowledge from the
laboratory into initial clinical testing. Translational science is a two-way process and will be enhanced by
education and international collaboration between scientists and clinicians: Both must be aware of the advances in
laboratory breakthroughs and of clinical outcomes. Crossing the boundaries and filling in the gaps should be aided
by education and the media, including new medical publications. Translating and communicating advances within
this new journal with a panel of scientists and clinicians on its editorial boards are to be valued and promoted.
Hopefully, the bringing together of minds will provide solutions relevant to the prevention and treatment of
disease. With this premises, we urge our BMANA members to take advantage of this new journal with a clear
message of ‘translating laboratory and clinical findings in an integrative knowledge that can be communicated to
promote curative and preventive approaches to serve the human health in global arena’.

Dewan S. A. Majid, MD. PhD
Professor, Department of Physiology
Tulane University School of Medicine, New Orleans, LA, USA
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Synergy of topical Toll-Like Receptor 7 agonist with radiation and low dose
cyclophosphamide in a model of cutaneous breast cancer
M. Zahidunnabi Dewan1, Claire Vanpouille-Box1, Noriko Kawashima1, Sara DiNapoli1, James
S. Babb2, Silvia C. Formenti3, Sylvia Adams4 and Sandra Demaria1
1Department of Pathology, 2Department of Radiology, 3Department of Radiation Oncology,
4Department of Medicine, NYU Langone Medical Center, New York, USA
Abstract
Purpose: This study tested the hypothesis that topical Toll-Like Receptor (TLR) 7 agonist imiquimod promotes
anti-tumor immunity and synergizes with other treatments in a model of skin-involving breast cancer.
Experimental design: TSA mouse breast carcinoma cells were injected s.c. into syngeneic mice. Imiquimod 5%
or placebo cream was applied topically on the shaved skin overlying tumors three times/week. In some
experiments, local ionizing radiation therapy (RT) was delivered to the tumor in 3 fractions of 8 Gy, given on
consecutive days. Cyclophosphamide (CY) was given i.p. in one dose of 2 mg/mouse. Mice were followed for
tumor growth and survival.
Results: Treatment with imiquimod significantly inhibited tumor growth, an effect that was associated with
increased tumor infiltration by CD11c+, CD4+ and CD8+ cells, and abolished by depletion of CD8+ cells.
Administration of imiquimod in combination with RT enhanced significantly tumor response compared to either
treatment alone (p<0.005), and 11 to 66% of irradiated tumors completely regressed. Importantly, the addition of
topical imiquimod also resulted in growth inhibition of a secondary tumor outside of the radiation field. Low dose
CY given before start of treatment with imiquimod and RT further improved tumor inhibition and
reduced tumor recurrence. Mice that remained tumor-free rejected a tumorigenic inoculum of TSA cells,
demonstrating long-term immunological memory.
Conclusions: Topical imiquimod inhibits tumor growth and synergizes with RT. Addition of CY further increases
the therapeutic effect and induces protective immunological memory, suggesting that this combination is a
promising strategy for cutaneous breast cancer metastases. (Clin Cancer Res (2012) 18 (24): 6668–6678)
Translational Relevance
Toll-like receptor agonists can alter the tolerogenic and immunosuppressive tumor microenvironment and promote
antitumor immune responses. TLR7 agonist imiquimod is a powerful immune response modifier with proven
anticancer activity when applied topically to primary skin tumors. Although breast cancer metastases to the skin
can be extensive, difficult to treat, and associated with significant patient discomfort and morbidity, their
superficial location lends them to topical therapy. In a mouse breast cancer model, we show that topical
imiquimod inhibits the growth of the treated tumor and of a secondary untreated tumor. Importantly, therapeutic
synergy was seen between imiquimod and local radiotherapy, which is frequently used in the clinic to treat breast
cancer skin metastases. Addition of a single low dose of cyclophosphamide reduced tumor recurrence and further
promoted a protective immunologic memory response, supporting the future investigation of this triple
combination in patients.
Introduction
Breast cancer usually arises from the mammary ducts, which are ectodermal appendages. This may account for its
predilection for cutaneous metastases (epidermotropism). While some locally advanced tumors may directly
infiltrate the adjacent skin, true cutaneous metastases are defined as cancers involving dermal or subcutaneous
tissue that is not contiguous with the primary tumor. Skin metastases occur in up to 10% of metastatic tumors,
with breast cancers having the second highest incidence/prevalence of skin involvement after melanoma (1). A.
retrospective analysis of 420 patients with cutaneous metastases identified primary breast carcinoma in 212
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(30%), a meta-analysis reported an incidence of 24% (457 of 1,903; refs. 1, 2) These metastases frequently occur
in the vicinity of the original tumor, such as at the chest wall or its overlying skin following a mastectomy or on
the skin of the residual breast tissue after a segmental mastectomy. Initially, skin lesions are generally managed by
surgical resection and postoperative radiation, but they frequently recur. Chest wall recurrences of breast cancer
often herald or are associated with metastatic disease in vital organs. Overall, the prognosis is relatively poor with
a mean survival of 31 months from the diagnosis of skin metastases (1). Importantly, chest wall lesions often
progress to become ulcerated, with common bleeding and infection. These complications have a detrimental
impact on quality of life and particularly warrant novel therapies. Toll-like receptor (TLR) agonists are included in
the ranked National Cancer Institute list of immunotherapeutic agents with the highest potential to treat cancer (3,
4). Among them, the TLR7 agonist imiquimod is U.S. Food and Drug Administration–approved as a topical
treatment for premalignant and early skin cancers and genital warts. Imiquimod is a very effective treatment for
superficial basal cell carcinoma, achieving complete tumor eradication in the majority of patients, mediated by the
activation of innate and adaptive immune responses (5, 6). Activation of antitumor immune responses by
imiquimod is mediated via TLR7 signaling which enhances dendritic cell (DC) maturation and antigen
presentation ability. Imiquimod also promotes T-helper (TH)1 skewing and increased T-cell homing to the tumor,
in part, by the indirect effect of type I IFN derived from plasmacytoid DC (pDC) activated by imiquimod (7–9). In
addition, direct pro-apoptotic effects on cancer cells that could contribute to tumor responses have been described
(10).
The success of imiquimod in treating superficial skin cancers has prompted its testing in other tumors which are
amenable to topical therapy, such as primary and metastatic melanoma, with some encouraging but limited results
(11–13). Because of their accessibility, unresectable breast cancer skin metastases provide the ideal experimental
setting to test novel combinations of local treatments and offer the opportunity to test immune-mediated effects on
systemic disease.
The combination of TLR stimulation with other treatments is an area of active investigation. Synthetic agonists of
TLR9 were shown to synergize with local ionizing radiation therapy (RT) by inducing antitumor immune
responses in mice models and early clinical trials (14–16). The combination of TLR9 agonist and
cyclophosphamide (CY) has also been shown to improve survival compared to each treatment alone in a model of
embryonal rhabdomyosarcoma (17). Cyclophosphamide was also tested in combination with 2 TLR7/8 agonists
designed for systemic rather than topical administration and showed additive effects in a mouse model of colon
carcinoma (18). The combination of topical imiquimod with local RT and/or cyclophosphamide for skin
metastases of breast or other cancers has not been tested before.
Here, we evaluated the antitumor efficacy of imiquimod in the syngeneic and poorly immunogenic TSA mouse
model of breast cancer. We show that topical imiquimod directly applied to established tumors is an effective local
treatment for TSA cells, which are TLR7-negative, and can synergize with local RT. Moreover, addition of lowdose cyclophosphamide, a strategy that has been shown to have immunomodulatory function in both preclinical
and clinical studies (19–21), increased the strength and durability of the antitumor immune response.
Discussion
In this study, we show in an experimental breast cancer model of skin metastasis that a local immune response
modifier can be combined with local radiotherapy and systemic low-dose chemotherapy to induce effective
antitumor immunity with the potential to eliminate the tumor. The appeal of this approach is that it exploits the
accessibility of breast cancer skin metastases to convert a difficult therapeutic problem into an opportunity for in
situ vaccination of the patients against the tumor.
Topically applied imiquimod inhibited TSA tumor growth. This effect was associated with increased tumor
infiltration by DC and T cells and was abolished by depletion of CD8+ cells. Similar CD8 dependence of the
therapeutic effect of topical imiquimod was previously described by Lu and colleagues in the neu-transgenic
model of breast cancer (30). In the latter, tumor-specific CD8+ T cells were increased in imiquimod-treated mice,
and local tumor control was associated with decreased spontaneous lung metastases, an effect that could result
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(from decreased seeding from the treated tumor and/or inhibition by antitumor T cells that are active systemically.
However, recent evidence by Drobits and colleagues indicates that the antitumor effect of topical imiquimod, at
least within the first 1 or 2 weeks, can be entirely mediated by pDCs that acquire CD8 and lytic function (29). In a
mouse melanoma model, they showed that imiquimod induced increased tumor infiltration by CD8+ T cells and
natural killer cells but neither was required for tumor inhibition. It is, therefore, possible that CD8+ pDCs play a
role in inhibition of the TSA tumors. However, evidence that imiquimod applied to the primary tumor leads to
inhibition of a secondary tumor that is not topically treated is consistent with development of an adaptive immune
response. Importantly, the long tumor-free interval (up to 40 days) seen in mice with complete tumor regression
after treatment with the combination of imiquimod + RT, and the development of long-term protective memory in
mice that received cyclophosphamide + imiquimod + RT indicate that imiquimod can be used as an adjuvant to
improve the therapeutic efficacy and pro-immunogenic effects of RT and low-dose cyclophosphamide (31).
Improved tumor inhibition observed in mice treated with imiquimod and CD4+ T-cell depletion suggests that CD4+
T cells have a regulatory or suppressive role. Induction of IL-10 secretion by a CD4+ T-cell subset different from
Treg cells in mice treated with imiquimod was previously shown to be a mechanism of suppression of the
antitumor immune response (30). However, in our model, imiquimod treatment did not lead to increased levels of
IL-10 in tumor or TDLNs. A significant increase was noted in the serum and in supernatants of ex vivo stimulated
spleen cells, suggesting that some induction of IL-10 production by T cells may represent a negative feedback
reaction to the increased immune activation caused by imiquimod. It remains to be determined whether this
increased polarization of T cells toward IL-10 production is responsible for tumor recurrence. Elevated levels of
IL-10 were present in TSA tumors regardless of treatment and may be an impediment to tumor rejection.
Interestingly, administration of cyclophosphamide 1 day before the start of imiquimod treatment decreased
significantly IL-10 produced by spleen cells and showed a trend to increase IFN-γ produced by tumor-specific
CD8 T cells. Although cyclophosphamide treatment did not significantly enhance the therapeutic effect of
imiquimod, in combination with RT and imiquimod + RT, cyclophosphamide promoted the development of a
durable antitumor immune response able to prevent tumor recurrence and reject a tumor challenge over 2 months
after the end of treatment. The best characterized immunomodulating effect of cyclophosphamide at nonlymphodepleting doses is its ability to selectively deplete and/or disable Treg cells (32, 33) and uncover the
therapeutic effect of immunotherapy (19, 20, 34). In mice treated at day 9 with cyclophosphamide, there was a
significant decrease in Treg cells at day 12 in the spleen and peripheral circulation. The ability of
cyclophosphamide given before RT to induce complete tumor regression and protective tumor-specific memory in
a fraction of TSA tumor–bearing mice indicates that cyclophosphamide can also uncover the ability of RT to
generate an in situ tumor vaccine (35). The relative contribution of Treg cells reduction, induction of an
immunogenic cell death, or other pro-immunogenic activities of cyclophosphamide to this effect remains to be
determined (36, 37). Importantly, the addition of topical imiquimod led to further improvement in the local tumor
control achieved by cyclophosphamide + RT and a trend to improved survival. About 42% of mice with complete
tumor regression following treatment with cyclophosphamide + imiquimod + RT remained tumor-free, whereas
mice with complete regression after imiquimod + RT in different experiments all developed recurrent tumors. As
cyclophosphamide was given only once before imiquimod and RT treatments started, it is likely that the strength
of the initial antitumor response induced is what determines the long-term tumor control, whereas the
cyclophosphamide-mediated reduction in IL-10–secreting T cells induced by imiquimod may contribute to the
persistence of the response (30).
In different experiments, the percentage of mice with complete tumor regression following treatment with
imiquimod + RT varied from 11% to 66%, with the largest percentage seen in mice receiving imiquimod up to day
35 (Fig. 2). Therefore, prolonged treatment with imiquimod may be required to achieve optimal effects.
Whether imiquimod is needed to sustain the immune response or to sensitize tumor cells to immune rejection
remains to be established. The enhanced expression of MHC class I and ICAM-1 molecules induced by
imiquimod on tumor cells (Fig. 4) suggests that the improved response of the secondary tumor to the abscopal
antitumor response triggered by treatment of the primary tumor with imiquimod + RT can be due to better
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angiogenesis inhibition (38), and increased T-cell recruitment and function (39). We are currently conducting a
comprehensive analysis of the changes induced by imiquimod in TSA tumors as well as in patients with breast
cancer (40) to address these questions.
Overall, the data presented indicate that topical imiquimod is a valuable adjuvant for use in the treatment of breast
cancer metastases involving the skin. Imiquimod can improve antitumor immune responses by itself and in concert
with RT. The addition of low-dose cyclophosphamide further enhanced these effects. The complexity of the
microenvironment of a given tumor and the preexisting regulatory and immunosuppressive networks are likely to
be important determinants of the overall efficacy of the treatment. The combination of imiquimod with selective
chemotherapy agents, such as low-dose cyclophosphamide, and RT regimens that have pro-immunogenic effects
(24), is a promising strategy that can be translated in the clinic.
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Negative pressure pulmonary edema following the use of laryngeal mask airway
(LMA) : A case report
Alexa Khan, MD; Junior Kalmbay, MD and Mohammad H Zaman, MD
The Brookdake University Hospital Medical Center, Brooklyn, New York, USA
Introduction
Negative pressure pulmonary edema (NPPE) or post obstructive pulmonary edema is a noncardiogenic cause of
pulmonary edema that complicates 1 out of 8 cases of acute upper airway obstruction (UAO). NPPE is a severe
medical condition with a mortality rate up to 40% if not promptly recognized and managed. The mechanism of
NPPE is complex and includes the imbalance of starling forces resulting in a net fluid flow across alveolar
membrane: The intense negative intrathoracic pressure generated against obstructed airways increases systemic
venous return and pulmonary blood volume, whereas systemic hypoxia increases Left ventricle afterload thereby
lowering pulmonary venous drainage.
The clinical recognition of NPPE is challenging. NPPE is a relatively unknown syndrome. Also, the clinical course
can be extremely rapid, with pulmonary edema developing minutes after an episode of UAO. Finally, NPPE can
affect patients with minimal or no prior medical comorbidities. We report a case of NPPE presumably due to post
operative laryngospasm following the use of laryngeal mask during an ambulatory urologic procedure.

Case Description
A 47-year-old, African American male, known for Benign Prostatic Hyperplasia and Urethral stricture presented to
the Urology Clinic for an outpatient cystoscopy and A transurethral resection of the prostate (TURP). Patient
Medical History included Pre-diabetes and Hypercholesterolemia.
The patient was placed in the lithotomy position, and the anesthesiologist administered glycopyrrolate, spinal
anesthesia, Decadron 10 mg IV, and antibiotics. A laryngeal mask airway (LMA) was utilized for airway
management during the entire procedure. The patient tolerated the entirety of the procedure and did not present
with immediate post-procedure complication. The Patient was transferred to the post-anesthesia care unit (PACU)
in a stable condition.
At the PACU, the patient initially started intermittently coughing and desaturated at 90% on room air. However,
Oxygen saturation remained low despite increasing oxygen supplementation. Subsequently, the patient presented
cough with blood-stained sputum and stridor . Physical examination noted bilateral rales on lungs auscultation.
Laryngospasm was suspected and the Chest X-ray showed bilateral pulmonary edema (Figure 1 and 2). Based on
the History of UAO and Pulmonary edema, the patient was suspected to have developed negative pressure
pulmonary edema.
The Critical Care Medicine team consulted the patient and provided recommendations to relieve airway
obstruction, correct the hypoxemia, and treat pulmonary edema. In addition of Oxygen supplementation for
hypoxia, the patient was given Duo Neb nebulizers to relieve airway obstruction and was diuresed with
Furosemide IV. The follow up CXR showed improvement of pulmonary edema. The patient remained
hemodynamically and clinically stable. He was titrated off supplemental oxygen, saturating at 98 - 100% on room
air after two days.

Discussion
Post operative laryngospasm is the most common cause of NPPE and the prognosis is generally favorable If the
diagnosed is prompt and the treatment is appropriate. In a retrospective cohort of 16 otolaryngology patients who
developed NPPE from 1996 to 2006 due to post intubation laryngospasm, no mortality was noted. All patients
were managed with positive pressure ventilation, oxygenation and diuretics. Half of the patients were discharged
within 24 hours [5]. In our case, the early recognition allowed the use of Duo Neb and Lasix to successfully
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improve ventilation before the patient presents indication for invasive ventilation. Noninvasive ventilation support
during the management of NPPE is growingly reported [6]. As reported by Li and al, pulmonary edema associated
with NPPE improved as a better response to minimum IV dose of Furosemide compared than it is observed in
cardiogenic pulmonary edema.
More studies are needed to identify risk factors associated with NPPE. Due to the extremely low Incidence of
NPPE in the general population, the limited number of retrospective studies and case reports have provided current
understanding of NPPE distribution among patients. NPPE has an incidence of 12 percent in patients who develop
acute airway obstruction. Underlying cardiac abnormalities not previously diagnosed were found in Cardiac
echography of 50 percent of patients who had developed NPPE [5]. Our review of 64 cases of NPPE reported on
Pub Med from 1990 to 2022 found 3 main risk factors: General anesthesia, ENT procedure and foreign body
aspiration represented 7/10 cases of NPPE. However, the wide range of etiologies that account for the remaining
28% of NPPE cases supports the unpredictability of the NPPE occurrence.

Figure 1. Chest Xray Pre-procedure

Figure 2. Chest Xray Post-procedure

Figure 3. Chest X-ray
after supportive care
and prior discharge

Conclusion
NPPE should be considered as a complication of acute laryngospasm post operatively, and can occur even with
LMA use. This non-cardiogenic pulmonary edema can be seen even in a young patient without any prior
comorbidities or history of lung disease. The management of NPPE is supportive care, with supplemental oxygen
for hypoxemia, duo-nebs for airway obstruction due to laryngospasm and diuresis for pulmonary edema. This case
sheds light on the importance of close hemodynamic monitoring for patients post ambulatory procedures,
particularly those that required intubation, prior to discharge home.
Table1. NPPE Cases Reported on PubMed from 1990-2022
Risk Factor
Surgery/General Anesthesia
ENT Procedures
Foreign Body Aspiration
Other etiologies
Total

Number of cases reported
31
8
7
18
64
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Percentage
48
12.5
10.9
28.1

Covid19 infection caused by SARS CoV2: A review
Md. Abdullah Yusuf1 and Zahid Dewan Shamim2
1Department of Microbiology, National Institute of Neurosciences & Hospital, Dhaka, Bangladesh
2Department of Pathology, New York University, New York, USA
Abstract
SARS CoV2 infects the people worldwide and causes a disease named Covid19. It has been first discovered in
Wuhan city of central China. Chinese people are presented with severe lung inflammatory pneumonia. No definite
cause of their disease could be found, or they could not be cured by conventional anti-viral treatment. The market
shoppers and buyers are infected at first through the evolution of any animal sold in the wholesale market of
Huanan seafood in Wuhan city. Later, Chinese scientists are able to detect this new type of coronavirus through lab
tests. SARS CoV2 has been first transmitted from animals to humans, it is currently able to transmit from human
to human. So far, no specific medicine or vaccine has been developed for the disease; therefore, there is no way to
cure the disease without intensive treatment at the hospital. This narrative review is written based on SARS CoV2
viral infection. (Bangladesh Journal of Infectious Diseases, April 2020; 7(Suppl_1):S32-S35)
Keywords: SARS CoV2; Covid19; Novel coronavirus
Introduction
The number of people worldwide infected with the new dreaded coronavirus has exceeded 1.5 million (1).
Therefore, far in the world more than 3,000 people have been infected with coronavirus and about 1
lakh have recovered from the disease. Authorities identified the new type of coronavirus in the city of Wuhan, the
provincial capital of Hupei province in central China, in the middle of December 27th. At that time, about 3
Chinese people infected with the virus had severe lung inflammatory pneumonia, and at first, no clear cause of
their disease could be found, or they could not be cured by conventional anti-viral treatment. The first virus is
believed to have infected the market shoppers and buyers through the evolution of any animal sold in the
wholesale market of Huanan seafood in Wuhan city (2). Later, Chinese scientists were able to detect this new type
of coronavirus through lab tests. Although coronavirus was first transmitted from animals to humans, it is
currently able to evolve from human to human. In addition to China, horrific coronavirus infections have spread
and pandemics have spread to those countries, including South Korea, Iran, Japan, Singapore, Spain, Britain,
Kuwait, Canada, Italy, Germany, Thailand, the United States, Australia, Bangladesh and France.
Age Group
According to the data so far, the transmission of Covid19 virus is higher in adults and older people and less in
children (3). Generally, the elderly are most at risk in the infected group, the harmful effects of the virus have been
seen in the elderly and the mortality rate of the people in this group is highest.
Bangladesh Situation
Because there is no specific treatment for coronavirus patients, experts say urgent steps need to be taken to prevent
the spread of coronavirus in Southeast Asia, as elsewhere in the world. According to the Imperial College of
London model, a projection report says that in Bangladesh, the Corona pandemic can be infected with a total of
eight million (4). Hospital treatment may be required for many patient, ICU support of about seven lakh patients
and five lakh patients may be required. There may be death. According to BRAC's research model, the Corona
virus can kill 5 million people in Bangladesh (5). Needless to say, it is terrible and dangerous and dangerous for
Bangladesh. Therefore, effective measures need to be taken immediately to prevent coronavirus in underdeveloped
or poor countries like Bangladesh.
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Clinical Presentation
There have been cases of transmission of the virus from person to person in different countries of the world. The
virus can remain dormant for 2 to 7 days after being infected in the body and can be infected with another person's
body during this time (6). The World Health Organization has named the disease as a result of the virus infection COVID-1 (coronavirus disease 2019- COVID-19). Symptoms of the disorder include fever, dry cough, shortness
of breath, muscle aches and depression. The virus infection causes fever, fatigue, muscle pain, dry cough,
respiratory and respiratory diseases - bronchitis and pneumonia. Occasionally there may be cough with headache
or cough. Symptoms generally do not appear to be as complex as a doctor's appearance until one week. But in the
second week, the condition of the individual may deteriorate rapidly and severely. As the lungs increase, arterial
blood shows a decrease in oxygen (hypoxemia) and the patient has to undergo oxygen treatment. Acute respiratory
distress syndrome (ARDS or acute respiratory distress syndrome) is also observed (7).
Transmission
There has also been evidence that the virus can be transmitted from person to person and has spread to those
countries around the world. Touching hands with eyes, nose and mouth should be avoided, because the virus
present in the environment can be touched by touch and can enter the body through the open space of the nose,
mouth, eyes (8). Spitting cannot be done on the streets and in places, because the virus can spread from the spit.
Eating prepared foods in unhealthy environments on the road or elsewhere should be avoided, because of foods
prepared in unhealthy environments.

Complication
If not treated properly, the disorder can be complicated, which can lead to lung inflammation, pneumonia, acute
respiratory symptoms, acute immune response (sepsis) to blood, and bacterial infection (septic shock) and
eventually death (9). The hospital basically tries to relieve the symptoms of patients. This is a new virus. Research
of cause of death is still going on. Cardiac involvement can cause sudden death.
Laboratory Diagnosis
Chinese scientists first confirmed the virus through the RT PCR test in the body of many people directly involved
in the city of Wuhan and those who were not involved in the market (10). However, there is still no clear idea of
how deadly this new coronavirus is compared to the flu or other serous viruses. Blood tests of patients have shown
that the virus reduces the number of white blood cells. In addition, liver and kidney damage occur among the
Covid19 patients with high SGPT and serum creatinine.
Immunity against SARS CoV2
In coronavirus, 3 to 5 percent of the patients get better without treatment by the body's own immune system.
Between 5 and 20 percent of infected patients require symptomatic treatment, and about 5 percent of patients need
to be breathed mechanically in an intensive care unit or ICU, and sometimes oxygen is added to the blood
by conducting blood inside the artificial lung (11). In addition, there is a high likelihood of having a bacterial
pneumonia due to extensive lung damage and occurs in 5.0% of intensive care patients12. People who already
have low immunity are more likely to die of pneumonia.

Mortality
Coronary mortality was initially thought to be lower than the flu, according to current data, coronary mortality rate
is 4 to 5 times higher than the flu (12). The World Health Organization has commented that there is no alternative
to test trials for patients suspected of having coronavirus disease. At the same time, they urged the concerned
organizations to increase the production of medical equipment needed to overcome the crisis. Terrifying corona
virus has infected worldwide and causes huge number of mortality and morbidity.
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Treatment
Without symptomatic treatment, there is no specific treatment for a coronary infected patient. Thus, how can
Corona virus infection be prevented and how to treat an infected patient? And who will serve as a fast-line defense
in preventing and treating coronary virus infections? Everyone is worried about this. Needless to say, occupational
health workers like doctors, nurses, assistants are working day and night with the risk of death as a fast-line
defense in the prevention and treatment of this horrible coronary virus infection. Offices, courts, schools, colleges,
shops, jute, restaurants, bars are shut down but hospitals open to treat the patient (13). Hospitals will remain open
and occupational health workers will have to provide treatment to patients. In this case, the American NIH has
begun clinical trials of the drug “hydroxychloroquine” for the treatment of Covid19 patients. In fact, both
chloroquine and hydroxychloroquine are used to treat malaria. In addition, these two drugs work to prevent the
transmission of the virus.
Prevention
No new vaccine or antidote has been discovered since the virus is new, and there is no cure. Until March, 2021, no
definitive anti-coronavirus vaccine or effective preventive vaccine has been discovered. The World Health
Organization has already shown that people will be safe if the person regularly wash their hands thoroughly, cover
their nose and mouth during coughing, stay away from cold and flu-infected people, do not travel without
emergency, do not have any girdling, eat more water or juice. Immediately after attend in hospital, take the
medication according to the symptoms, wear a mask if attacked, and trace the other contact persons including their
spouse and children13. It is advisable not to hug or kiss the infected person. In addition, it is better not to intimate
and terrified and follow the rules of prevention and stay healthy. People with fever, colds, coughs and sneezing
should maintain a minimum distance of 3 to 6 feet, so that the virus particles floating in the air do not enter the
body through breathing. Therefore, to prevent infection by coronavirus, it is mandatory to wash or clean the hands
frequently with soap-water, alcohol or handsets, thus the virus in the hand is destroyed. During coughing or
sneezing, the nose and mouth should be covered with temporary paper handkerchiefs or tissue paper, as well as the
handkerchief dumped in the waste and hand washed with soap-water, so that the virus does not spread from person
to person (14).
Conclusion
The scientists and doctors from different countries, including the United States, Italy, China, are working day and
night to discover new therapies for the prevention and treatment of this deadly virus. A clinical trial of the Corona
vaccine phase-1 has begun in Washington state, USA. Corona Prevention Trust Force Committee Member. It may
take one to one and a half year to discover the vaccine and bring it to market.
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Abstract
Purpose: A goal in precision medicine is to use patient-derived material to predict disease course and intervention
outcomes.
Experimental design: Here, we use mechanistic observations in a preclinical animal model to design an ex vivo
platform that recreates genetic susceptibility to T-cell–mediated damage. Intestinal graft-versus-host disease
(GVHD) is a life-threatening complication of allogeneic hematopoietic cell transplantation.
Results: We found that intestinal GVHD in mice deficient in Atg16L1, an autophagy gene that is polymorphic in
humans, is reversed by inhibiting necroptosis. We further show that cocultured allogeneic T cells kill Atg16L1mutant intestinal organoids from mice, which was associated with an aberrant epithelial interferon signature.
Using this information, we demonstrate that pharmacologically inhibiting necroptosis or interferon signaling
protects human organoids derived from individuals harboring a common ATG16L1 variant from allogeneic T-cell
attack.
Conclusions: Our study provides a roadmap for applying findings in animal models to individualized therapy that
targets affected tissues. (Blood . 2020;135(26):2388-2401)
Introduction
Treatment of complex inflammatory disorders often involves “step-up” approaches in which patients receive
interventions of increasing intensity and risk after failure to demonstrate improvement with milder therapies.
Multiple rounds of empiric testing and failure of treatments present a substantial burden on the health care system
that contributes to decreased quality of life and can negatively impact the disease course. The promise of precision
medicine is that certain features of the patient will predict responsiveness to therapies and circumvent the need for
trial- and-error approaches. However, biomarker analysis of blood or other tissue specimens has had only limited
success. An alternative approach is to establish an ex vivo assay in which disease-related events are recreated with
patient-derived material and then subsequently applied to test drug responsiveness. Allogeneic hematopoietic cell
transplantation (allo-HCT) involving the transfer of bone marrow (BM), peripheral blood, or cord blood from a
nonidentical donor can be a life-saving procedure. When applied to treat malignancies such as myeloid leukemia,
donor-derived T cells contribute to remission by attacking tumor cells in recipients. In as many as 50% of
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transplant recipients, these alloreactive T cells attack healthy tissues to cause the multiorgan disorder graft-versushost disease (GVHD) (1). Damage to the gastrointestinal tract accounts for much of the morbidity and mortality
associated with GVHD (2), yet few biomarkers and methods are currently available that predict intestinal
involvement or response to treatment (3-5).
We previously demonstrated that the autophagy gene ATG16L1 is protective during allo-HCT (6,7). A common
ATG16L1 (ATG16L1T300A) variant was initially identified as a susceptibility factor for the inflammatory bowel
disease (IBD) Crohn’s disease (8). Intestinal GVHD and Crohn’s disease frequently involve the distal small
intestine but can involve any part of the gastrointestinal tract and are characterized by overproduction of T-helper
1 cytokines tumor necrosis factor-α (TNF-α) and interferon-γ (IFN-γ), as well as epithelial barrier disruption
(2,8,9). Based on these similarities, we examined the role of ATG16L1 in GVHD and found that mice with
reduced Atg16L1 expression were susceptible to GVHD in an animal model of allo-HCT and that the
ATG16L1T300A variant was associated with increased transplant-related mortality in human allo-HCT recipients (6).
More recently, we showed that Atg16L1 deletion in intestinal epithelial cells (IECs) in mice is sufficient to confer
increased lethality following allo-HCT (7).
During autophagy, organelles and other cytosolic material are degraded and recycled when sequestrated by
double-membrane vesicles that fuse with endolysosomes (10,11). Mice harboring IEC-specific deletions of
ATG16L1 or other autophagy proteins display impaired viability of several epithelial lineages, including
enterocytes, Paneth cells, and goblet cells (12-16). We and other investigators independently demonstrated that
ATG16L1 and other autophagy components inhibit a form of programmed necrosis termed “necroptosis” in
murine intestinal organoids (7,17,18), a 3-dimensional cell culture system in which IEC lineages are differentiated
from epithelial stem cells (19). Necroptosis occurs when cytokine and death receptors induce the formation of a
complex, consisting of receptor interacting protein kinase 3 (RIPK3) and RIPK1, that mediates the recruitment and
phosphorylation of the pore-forming molecule mixed lineage kinase domain-like (MLKL) (20). The role of
autophagy proteins is cell type dependent and can promote necroptosis in prostate tumor cells (21-23). It is unclear
how inhibiting ATG16L1 disrupts intracellular signaling to decrease the viability of IECs, and the relevance to
human disease requires further investigation.
In this study, we apply a more clinically relevant mouse model of allo-HCT to demonstrate that intestinal GVHD
in an Atg16L1-mutant setting can be ameliorated by blocking necroptosis signaling. We then develop an ex vivo
platform, initially with samples from mice and then with human specimens, to recreate genetic susceptibility to Tcell–mediated damage by coculturing intestinal organoids with peripheral T cells. Our findings provide insight
into how ATG16L1 protects against T-cell–mediated intestinal injury and establish a novel tool that enables the
prediction of disease course and intervention outcomes.
Discussion
Differential susceptibility of target tissues to injury potentially underlies heterogeneity in patients and represents
an opportunity for designing individualized therapy. We showed that ATG16L1 has a conserved function in
protecting IECs from killing by allogeneic T cells, such as those encountered following allo-HCT. ATG16L1
inhibited intestinal GVHD in a preclinical allo-HCT model by preventing necroptosis of IECs. Excess cell death in
the intestinal epithelium resulting from dysregulated RIPK1 and RIPK3 signaling has been linked to intestinal
inflammation (24-26) and inducing necroptosis by deleting caspase-8 in IECs is sufficient to induce a lethal
inflammatory disease in mice along with Paneth cell depletion (27,28). We found that RIPK1/3 inhibition
ameliorated GVHD and restored Paneth cells in allo-HCT recipient Atg16L1ΔIEC mice. Based on these results in
the animal model, we were remarkably able to design an ex vivo GVHD platform that reproduced the role of
ATG16L1 in IECs. Organoids from the small intestine of Atg16L1ΔIEC mice and ATG16L1T300A homozygous
humans were susceptible to necroptosis induced by allogeneic T cells. Notably, we performed the experiments
with human organoids blind to genotype rather than selecting for ATG16L1T300A homozygous samples. We believe
that our findings provide proof-of-principle for a general approach in which heterogeneous responses to T-cell–
mediated injury can be recreated in a quantitative ex vivo assay that can be used to identify variables that
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contribute to this interindividual variation.
Our results may have implications for the treatment of intestinal GVHD. When allogeneic T cells were cocultured
with Atg16L1ΔIEC organoids, the combination of anti–TNF-α and anti–IFN-γ antibodies was required for full
restoration of viability. Previous clinical studies revealed that TNF-α–targeted therapies, such as etanercept, a
fusion protein of recombinant human soluble TNF-α, are promising (29-31), although still controversial (32),
treatments for GVHD. Considering that the patients who participated in these studies were randomized and not
separated by their ATG16L1 risk alleles, our results indicate that neutralization of TNF-α could be promising,
especially for GVHD patients with ATG16L1T300A. Excess IL-22 has also been shown to induce necroptosis in
ATG16L1-deficient IECs (17). It is possible that these and potentially other cytokines have redundant functions
during intestinal GVHD and that blocking any individual cytokine would be insufficient to ameliorate disease. In
this scenario, enhancing the resilience of the intestinal barrier to damage would be more efficacious. We also show
that T cells can kill target cells through necroptosis. How ATG16L1 mutation facilitates this process is of great
interest, because necroptosis frequently requires shunting of the pathway downstream of TNF-α away from
apoptosis, such as through inhibition of caspase-8. ATG16L1 inhibition leads to STAT1 activation and ISG
expression in IECs in a manner that is dependent on MAVS and STING, signaling adaptors involved in the sensing
of viral nucleic acid (17,33). ATG16L1 and autophagy also mediate degradation of TRIF, an adaptor molecule
involved in viral recognition (34), and Z-DNA-binding protein 1 (also known as DAI or DLM-1) interacts with
RIPK3 to sensitize cells to virus-induced necroptosis (35-37). In this study, we found that Atg16L1ΔIEC organoids
display increased levels of PKR, which is an RNA sensor and ISG, and inhibition of PKR significantly reduced
necroptosis. Although multiple mechanisms downstream of IFN signaling likely contribute, our data suggest that
PKR is 1 major IFN effector that is responsible for the increased susceptibility of ATG16L1-deficient organoids.
More recently, IFN-λ, which also signals through STAT1, was shown to exacerbate necroptosis in IECs (38).
Therefore, it is possible that inhibiting autophagy in IECs sensitizes cells to necroptosis by mimicking aspects of
viral infection, such as activation of IFNs and JAK/STAT signaling.
Our results suggest that ATG16L1T300A-homozygous individuals are more likely to respond to therapies targeting
RIPK1 or JAK/STAT signaling, both of which are in clinical trials for several diseases. Repurposing these drugs
for treating intestinal GVHD or Crohn’s disease may be worth considering, especially if they can be targeted to
likely responders. In summary, we suggest that advanced cell culture techniques that involve growing
parenchymal cells, together with lymphocytes or their effector molecules, can recreate interindividual
heterogeneity to tissue injury, which is a hallmark of a variety of disorders. This approach can be applied to
multiple tissues. Parenchymal and lymphocyte specimens can be derived directly from the patient cohort of
interest to predict susceptibility to injury for the purpose of prognosis or drug responsiveness.
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COVID 19 Pandemic
Mohammad Rumi, MD, FCCP
United Memorial Center in Batavia, New York, USA
The Covid-19 infection has spread all over the world, hence an pandemic. Unlike other virus infections morbidity
and mortality have left devastating adverse effects affecting people from all walks of life and changed their usual
life style affecting personal, family, and community relationships with severe economic hardship necessitating
middle class US populace lining up in miles long free food lanes in their expensive cars.
In this article, its essential features are outlined for understanding its myriad of symptomology, treatment and
preventive strategies.
1. SARS-COV-2 virus is an RNA virus with crown-like (“corona” in Latin). projections on the surface of the virus,
hence called Corona virus. It is related to other corona viruses, e.g. Middle East Respiratory Syndrome (MERS).
The virus was first detected in Wuhan Province of China in December, 2019 and rapidly spread to other parts of
the world and the World Health Organization (WHO) declared it as a pandemic in March 2020.
2. Incubation period: 1 – 14 days.
3. The disease caused by the new SARS-COV 2 virus is called COVID 19.
4. Symptoms: Some people can remain asymptomatic.
Mild Disease (81%): The common symptoms include, fever, cough, sore throat, nasal stuffiness, rhinorrhea,
impaired smell (parosmia) and taste (hypogeusia or ageusia). Also, body ache, headache, diarrhea. Occasionally,
there may be maculopapular skin rash.
Severe Disease: Symptoms include dyspnea, hypoxia or pulmonary imaging showing involvement of 50% or
more of lung parenchyma.
Critical Illness: Shock, acute respiratory distress syndrome (ARDS) or multiple organ failure. Other disconcerting
clinical features include thrombophlebitis, pulmonary embolism and large vessel stroke. An interesting
characteristic presentation is “Covid-toe” (acute discoloration of toes due to microvascular thrombosis).
Transmission: Person to person through respiratory droplets. Touching a contaminated surface and then touching
the nose, mouth or eyes. Highest transmission rate, unlike influenza, is up to 2 days before symptoms appear.
Diagnostic laboratory tests: Lymphopenia, elevated PTT and serum ferritin are typical findings. Specific test:
Nasopharyngeal swab. Rapid on the spot-lateral flow test (LFT’s) somewhat inaccurate. Polymerase Chain
Reactor (PCR) (sent away to lab) is more accurate. Up to 30% results may be falsely negative. Presence of a
typical clinical picture with characteristic lung imaging (described later) may suffice for diagnosis, even with
negative PCR.

Lung Imaging: Chest CT scan more sensitive that plain chest x-ray.
Typical abnormalities: lower lobar, peripheral ground glass appearance mixed with bronchopneumonia.
Pulmonary Pathophysiology: In severe cases, there is destruction of alveolar lining (Type 1 cells) causing
alveolar ‘flooding’ with fluid and pulmonary capillary micro-thrombosis with overall impairment of gas exchange
causing severe hypoxemia.
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Treatment modalities include: Home quarantine for mild disease with symptomatic treatment, only. High risk
patients eg. age above 65 with diabetes mellitus, cancer, immunosuppressed status, hypertension, obesity and
coronary artery disease, should closely monitor their oxygen saturation by oximetry and in presence of hypoxia
(SPO2 less then 94%) should go to the hospital for further evaluation. The patients, who develop dyspnea should
be evaluated in the hospital since chest imaging can detect early pulmonary disease even with spo2 >94%. High
risk non-hospitalized patients would benefit from combination therapy with monoclonal antibody and indevimab
(600mg each) I-V (preferable) or subcutaneously.
Hospitalized patient: Supportive treatment for shock, anticoagulant and organ specific treatment. High flow nasal
oxygen, non-invasive ventilator. Remdesivir and dexamethasone or Solumedrol. For severe uncorrected
hypoxemia or respiratory distress, mechanical ventilation is indicated. Appropriate treatment of acute exacerbation
of underlying lung disease eg. COPD, asthma and interstitial lung disease. In refractory hypoxemia, Extra
Corporeal Membrane Oxygenator (ECMO) is indicated. There may be additional benefit from 12 hours of prone
positioning daily. Clinicians need to have heightened alertness regarding fungal Infections e.g. mucormycosis
superimposed on Covid-19 as recognized in India after the out-break of the delta variant.
Prognosis: Average recovery time in 65% with mild disease - 2 weeks. All patients usually reach baseline status
within 21 days. Severe disease - 3–6 weeks depending on severity of underlying diseases.
Short and long term morbidities: 39% of hospital patients reach their baseline status in 3 weeks. 13% of hospital
patients may need 60 days to reach baseline status. In immunocompromised patients, fever and pneumonia can last
for many weeks.
Long–term morbities: Persistent fatigue (53%), Dyspnea (43%), Chest pain and joint pain
Prevention: Effective measures include masking, social distancing and personal protective equipment (PPE) [in
health care setting.
Most effective: Vaccination. The most widely used vaccines have been 2-shot Moderna, Pfizer and AstraZenica
with about 90% efficacy. The one-shot J & J vaccine is effective in about 65% cases. Any available vaccine is
much preferable to no vaccine at all.
Vaccine side-effects: Mostly minor side effects e.g. pain in vaccine site, body aches and low grade fever
especially after the 2nd dose. Clotting disorders and myocarditis/pericarditis have been reported in younger
patients. Predictably, in one million vaccinated patients there would be 70 cases of self-limiting mycocarditis vs
prevention of 5700 infections & 2215 hospitalization. Vaccinated people are also likely to have non-severe
symptoms and lesser need of hospitalization. Compared to the British, South African, Brazilian variants, the
recently recognized and alarmingly Spreading Indian-variant (B.1.617.2, also called delta variant) is more
contagious, and deadlier. In the United Kingdom 95% of newly diagnosed cases are due to the delta variant. In the
United State, from 10% of newly diagnosed cases 2 weeks ago, it has gone up to 20% of new cases mostly in
Mississippi and Colorado (40%) with doubling time of 2 weeks. Despite the recent claim of high efficacy against
the delta-variant by a high Pfizer official, solid evidence is still lacking. Dr. Rishi Desai (a former CDC
epidemiology intelligence officer) observed that the current vaccine against the delta-variant did “a good job, but
not a great job”. Patients, who recovered from COVID-19 illness should get the vaccine as soon as possible. The
advisability of a booster dose is currently under study by Moderna and Pfizer. Vaccination rate amongst total
population in US: One dose 54%, Full vaccination 45%, Age 18 years and above—66%one dose and 56% full
vaccination. Of note, at least 70% of the total population will need to be vaccinated for herd immunity.
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All adults should be encouraged to be vaccinated sooner than later, since the longer the virus stays around, it is
more likely to a mutate to a new variant. In the US, vaccination rate has been going down resulting in a glut of
vaccines despite many incentives offered by the Biden Administration.
Causes of Low Vaccination Rate: Fear of side-effects and long term complications. Lack of knowledge about the
vaccines. Low vaccine role out in some parts of the country. General apathy.
Certain political persuasion, amongst-people vaccinated who consider as government interference in their liberty
with sinister design.

Remedy: There is no easy remedy for the vaccine apathy. The government incentives have not been terribly
effective. Perhaps, the Primary Care Physicians should take a lead in giving people the current scientific data on
COVID 19 and the pros and cons of the vaccine in Town Hall meetings with private sponsorship with simple
incentives e.g. pizza and donuts.
In Summary: COVID-19 pandemic has had devastating world-wide impact. Its prevention, control and treatment
remain a daunting challenge faced on individual, societal, government and international levels. A multifaceted
national and international effort is needed to defeat the virus.
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The promising role of TGF- β/SMAD4 in pancreatic cancer: The future targeted
therapy
Sunjida Ahmed, Christopher Schwartz, M. Zahidunnabi Dewan, and Ruliang Xu
Department of Pathology, NYU Langone Medical Center, New York, NY, USA
Abstract
The transforming growth factor β (TGF-β) superfamily includes a group of structurally related cytokines that
regulate a wide variety of biological processes. The diversity of its action depends on the dynamic tissue
microenvironment, and interplays among the factors involving in the signaling pathway. Although its expression is
tightly regulated in normal tissue, overexpression of TGF-β has been identified in multiple tumor types, including
pancreatic adenocarcinoma. In pancreatic tumorigenesis, TGF-β acts initially as a tumor suppressor through
phosphorylation and activation of SMAD4/DPC4 gene. Mutation of SMAD4/DPC4 gene results in carcinogenesis
and tumor progression in many cancers like lung, colon, and pancreatic cancer. SMAD4 mutation is now
recognized in >50% of pancreatic ductal carcinomas. This review is to evaluate the diagnostic and prognostic
value targeting the TGF-β/SMAD4 pathway in pancreatic ductal adenocarcinoma. (J Cancer Treat & Diagnosis.
2019; 3(2):1-7)
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer-related death in the United States,
with a median survival rate of fewer than six months and five-year survival rate ranging from 20%–30% (1-3).
Several etiologic factors have been shown to be associated with PDAC including advanced age, smoking, longstanding chronic pancreatitis, obesity, and diabetes mellitus. Despite advances in both surgical and neoadjuvant
treatment, there remains no definitive prognostic marker/molecular target to improve overall survival. The
aggressive nature of PDAC is thought to be a result of multiple key genetic aberrations in genes such as KRAS,
p16, TP53, and SMAD4. Among these mutations, inactivation of SMAD4 has been found in 55% of pancreatic
adenocarcinoma cases and thus is similarly known as DPC4 (deleted in pancreatic cancer) (4). SMAD4 is a
member of a large protein family found on chromosome 18q that serves as the main signal transducer for the TGFβ family. The majority of SMAD4 mutations are due to either homozygous deletion of both alleles or intragenic
mutation in one allele with subsequent “second hit” of the second allele (5-7). Thus, the purpose of this review is
to elaborate on the role of SMAD4 in pancreatic carcinogenesis and explore its role as both a prognostic and
therapeutic marker.
Pancreatic intraepithelial neoplasia to adenocarcinoma
Pancreatic ductal adenocarcinoma follows a malignant progression through a known precursor lesion in most
cases, akin to colorectal carcinogenesis. The known precursor lesion is pancreatic intraepithelial neoplasia
(PanIN), which proceeds through histological and molecular changes associated with cytological and architectural
atypia to progress to adenocarcinoma. Kirsten RAt sarcoma viral oncogene homolog (KRAS) mutation is an early
driver event that leads to constitutive activation of multiple pathways, whereas inactivation of SMAD4 is a late
event in carcinogenesis (8). In the early stage of pancreatic carcinogenesis, down-regulation of SMAD4 results in
loss of TGF-β/SMAD4-dependent cell cycle arrest and apoptosis (9). Although the role of SMAD4 in tumor
progression and metastasis is complex and still under investigation, recent studies on genetically engineered mice
with combined SMAD4/KRAS activation mutation developed an aggressive form of PDAC with poor prognosis
(10). To highlight the importance of multiple genetic mutations driving PDAC oncogenesis, conditional deletion of
SMAD4 was insufficient to induce either PanIN or invasive cancer (11-13). It has been found that SMAD4 loss
markedly promotes tumor development initiated by Kras G12D activation and Kras G12D/SMAD4−/− tumors
exhibit both increased proliferation and tumor stromal formation (11,14). Furthermore, SMAD4−/− tumors
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metastasized more frequently than SMAD4 wildtype tumors (15). Additional studies on in-vivo pancreatic cancer
cell lines also found SMAD4 mutation or inactivation is always seen in combination with other gene alterations in
K-ras, P53, and/or P16 (16).
TGF-β signaling
In normal physiologic conditions, TGF-β proteins are involved in the regulation of critical cellular functions
including tissue differentiation, cell proliferation, migration, apoptosis, immune surveillance, and maintaining
tissue homeostasis (17). However, TGF-β is often overexpressed and activated in inflammation, fibrosis and even
tumorigenesis. The dual function of tumor suppression and oncogenesis in the tumor microenvironment is through
activation of cell signaling pathways. Active TGF-β induces a linear signaling pathway through activation of type
II and type I receptor kinase. The ultimate response resulting from SMAD dependent and SMAD independent
responses and ligand-induced transcription (18).
SMAD-Dependent pathway:
The TGF-β superfamily consists of TGF-βs, bone morphogenetic proteins (BMPs), activins and related
proteins(18). These proteins regulate their effects through the induction of signaling pathways. Among these
proteins, TGF-β regulates linear signaling pathway either by SMAD-mediated response or SMAD-independent
response. Stored form extracellular and inactive TGF-β is a complex form of TGF-β pro-peptide and latent
transforming growth factor β binding protein (LTBP) (19). Activation of LTBP releases active TGF-βs and allow it
to bind with receptors (TGF-βRs) to initiate the signaling response. The most important downstream intracellular
signaling pathway is SMAD dependent. TGF-βRs are type I (TGF-βRI), type II (TGF-βRII), and type III (TGFβRIII). TGF-βRI and TGF-βRII are transmembrane serine-threonine kinase receptors, consist of extracellular
ligand domain, a transmembrane domain, and an intracellular serine-threonine kinase domain. Released mature
TGF-β, following binding with the ligand domain form a TGF-βRI/TGF-βRII heteromeric complex, subsequently
autophosphorylate TGF-βRII and transphosphorylate TGF-βRI (20). Phosphorylation of TGF-βRI leads to
activation of its kinase domain, significant step to phosphorylate SMAD proteins; specifically, R-SMAD
(receptor-regulated SMAD) in SMAD dependent pathway (20,7). Once phosphorylated, R-SMAD associates with
the common SMAD/SMAD4, and mediate nuclear translocation of the heterotetrameric complex (21). The SMAD
complex accumulates in the nucleus and directly regulates the expression of different target genes, such as
integrin, E-cadherin, collagen, and others (22,23). It is thought that this TGF-β/SMAD4 pathway serves as a tumor
suppressor in the early stages of PDAC by promoting cell cycle arrest and apoptosis of epithelial cells (18).
However, persistent overexpression of TGF-β changes the tumor microenvironment to switch them from a tumor
suppressor to an oncogene (24,25). This change could be a result of the loss of SMAD4 (30% PDAC with SMAD4
homozygous deletion) or due to inactivation (20% of PDAC) (26). Downregulation of SMAD4 in the TGF-β
signaling pathway switch over the action of cell cycle arrest and apoptosis in epithelial cells (27).
Like TGF-β, BMPs are complex proteins play an important role in early and late embryonic development and
maintain tissue homeostasis. Upon activation, BMP induces, interaction with surface receptors; type I and type II,
mediates activation of serine/threonine kinase activity and formation of heteromeric receptor complex (28). The
transduced extracellular signal induces phosphorylation and activation of intracellular signaling of specific
proteins including the receptor regulated SMAD proteins (SMAD1, SMAD5, and SMAD8). Activated R-SMAD
form complex with Co-SMAD and regulate gene transcriptional response. BMP receptor activation also induces
SMAD-independent signaling pathway by activation of intracellular p38 and JNK MAP kinases and small
GTPases (29).
SMAD-independent pathway:
In SMAD independent or non-canonical pathway TGF-βRI complexes induce signaling through activation of other
pathways such as tumor necrosis factor (TNF) receptor-associated factor 4 (TRAF4), TRAF6, TGF-β activated
kinase 1 (TAK1 or MAP3K), p38 mitogen-activated protein kinase 1 (p38 MAPK), RHO, phosphoinositide

BSJ 1:1 June 15, 2022 | Page 21

AHMED et al

3-kinase (PI3K), AKT (also known as protein kinase B), extracellular signal-regulated kinase (ERK), JUN Nterminal kinase (JNK) or nuclear factor –kB (NF-kB). The mode of action and outcome varies according to the
activation of the individual pathway.
Among the other non-canonical pathways in TGF-β signaling, the RAS-ERK pathway has been shown to involved
in many different points of carcinogenesis. Primarily ERK functions as proto-oncogene as it promotes cell
proliferation, migration, and tumor metastasis but at some points, it antagonizes the tumorigenesis. In breast
cancer, ERK inhibits cell apoptosis and in pancreatic cancer, ERK upregulates p21 and thereby facilitates TGF-β
mediated cell cycle arrest (30,31). Sustained existence of ERK could facilitate cell progression through entering Sphase of cell cycle (32). ERK contributes to the TGF-β signaling pathway in different stages; antagonizing the
SMAD signaling through phosphorylation of SMAD2 and SMAD3 at SMAD linker region and facilitating the
SMAD signaling through phosphorylation of other SMAD3 residues (33-36). Principe et at. showed ERK
upregulation in pancreatic cancer cells and their study also found ERK-induced cell cycle arrest through TGFβ/SMAD4 mediated p21 upregulation in benign pancreatic cell line (34). The author and his group demonstrated
the role by showing the reduced level of TGF-β mediated nuclear translocation of SMAD4 and p21 while
pharmacologically pretreated with ERK antagonist, in benign and well-differentiated neoplastic pancreatic ductal
epithelial cell (37). In advanced pancreatic cancer cell phosphorylated ERK has no regulatory effect on TGF-β
induced upregulation of p21 and nuclear translocation but it plays a crucial role in TGF-β mediated EMT in all
pancreatic cancer cell lines (34). Like TGF-β, ERK contributes to the carcinogenesis in various ways and some of
its contradictory functions brought it as a topic of further investigation.
In advanced pancreatic cancer overexpression of TGF-β and loss of SMAD4 function is one of the explanations of
directing the SMAD-independent pathway. A study has shown that TGF-β could still act as tumorigenesis while
SMAD4 RNA was downregulated pancreatic cancer cell lines (38). The switching of TGF-β to SMAD
independent pathway could also be related to the SMAD4 requirement. Further studies are required for a better
understanding of this cross over function of TGF-β in carcinogenesis.
TGF-β/SMAD4, tumor suppression to progression
The cell cycle inhibition or growth inhibitory effect of TGF-β/SMAD4 signaling pathway defines its tumor
suppressive role whereas in carcinogenesis overexpression of TGF-β and loss of TGF-β/SMAD4 mediated tumor
suppressive action leads to tumor progression (18). The other crucial roles of TGF-β in cancer progression are;
immune suppression, angiogenesis, and epithelial-mesenchymal transition (EMT) (39,40).
In early neoplastic and benign pancreatic epithelial cells, cell cycle arrest by TGF-β/SMAD4 is the main tumor
suppressive function, mediated by upregulation of targets like; p21(41,42). In the cell cycle transition from G1 toS
phase is inhibited by cyclin-dependent kinase p21 (43). Upregulation of p21 is mediated by TGF-β/SMAD4
pathway while non-SMAD also regulate p21 as seen in colon cancer (44,45). In a pancreatic cancer patient, high
levels of p21 is an indicator of good prognosis as it inhibits cell proliferation as well as acinar to ductal metaplasia
(46). Loss of SMAD4 in PDAC opposes the cell cycle regulation and favor proliferation. The similar result is seen
in TGF-β mediated apoptosis effect in the tumor microenvironment. TGF-β regulates expression of different genes
through SMAD4 like; GADD45 βr signaling factor domain, the bcl-2 Bim homologous factor, the deathassociated protein kinase, and TGF-β-inducible early response gene 1 (TIEGI) (47). A genetic mutation in TGF-β
signaling components or changes in signaling pathways often downregulates apoptosis and cell cycle arrest and
leads to cancer progression.
In carcinogenesis, EMT is an important transition that leads to the progression and metastasis of cancer cells (39).
In benign and cancer cells EMT is mediated by a complex of cellular and molecular changes in transcriptional and
translational levels (48.49). Depending on the cell type and tissue microenvironment these changes downregulate
expression of epithelial junctional proteins and markers and upregulate mesenchymal adhesion and marker
proteins (50). The ultimate transcription factor families that regulate the transition are Snail/Slug, Zeb1/2, and
twist family (51). In the TGF-β/SMAD4-dependent pathway, the SMAD3/SMAD4 complex induces transcription
of Snail protein and decreases expression of epithelial junction protein E-cadherin and occluding (52,53). TGF-β
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also increases the expression of ZEB transcription factors through SMAD4-dependent pathway and decrease
expression of miR-200 family, TβR1 and SMAD2, which reflexly increase ZEB1 and ZEB2 mRNA and protein
levels and thus further bolstering the EMT response (53,54). In the late stage of tumorigenesis, TGF-β promotes
tumor growth by a combined effect of SMAD4-dependent and SMAD-independent effects on EMT (54,55). The
critical role of TGF-β in cancer dissemination is complex and extensively studied to emphasize that TGF-drives
cancer progression not only by cell growth but also and more importantly by EMT (40).
In addition to its effect on tumor growth, TGF-β modulates tumor development and progression by changing the
tumor microenvironment56. TGF-β suppresses immune and inﬂammatory processes through the inhibition of
CD8+ cytotoxic T cells, macrophages, dendritic cells, and NK cells (56). It has recently been found that sustained
activation of pro-inﬂammatory transcription factor NF-κB in PDAC is closely involved in driving tumor
progression. Intact SMAD4, S100A8, S100A9, and S100A8/A9 share an overall inhibitory effect on NF-κB, while
these molecules do not affect NF-κB in the presence of SMAD4 homozygous deletion. Thus, SMAD4 plays a key
role in suppressing the inflammatory signaling cascades important in PDAC (57).
PDAC has a strong effect on the deposition of extracellular matrix (ECM), eliciting a strong desmoplastic
reaction. In addition to ECM, endothelial cells, immune cells, and ﬁbroblasts are recruited to the tumor
microenvironment and thus contribute to both tumor growth and invasion (58,59). TGF-β expression enhances the
release of multiple ECM molecules including ﬁbronectin, collagen ﬁbulins, and elastin (60,61). Overexpression of
TGF-β is a critical mediator of ﬁbrosis in many tumors (62-64). TGF-β also inhibits the degradation of newly
synthesized ECM by inhibiting the synthesis of matrix metalloproteinase (MMP) and by inhibiting the expression
of genes responsible to produce MMP (65). TβRII is also known to be overexpressed in PDAC and correlate with
advanced tumor stage, decreased patient survival, and increased expression of genes known to promote
angiogenesis and invasion (e.g., plasminogen activator 1 and matrix-metalloproteinase-9) (66-68). Additionally,
high levels of SMAD2 have been documented in PDAC (68), leading to a more potent response to TGF-β signals.
The correlation of TGF-β overexpression and cancer progression is established in several malignancies (69,70).
An elevated level of TGF-β is found in both tissue and plasma of PDAC patients and is correlated with
thepresence of metastases in CRC, PDAC, as well as prostate and breast cancers (69). Additionally, cancer cells, in
general, have been shown to secrete higher amounts of TGF-β than their normal cell counterparts. Conversely,
reduced levels of circulating TGF-β isoforms in patient serum was found to be associated with prolonged survival
(71).
SMAD4 gene inactivation is associated with poor prognosis in clinically diagnosed PDAC cases, due to an
increased incidence of metastatic disease. Studies by Blackford et al. have shown that SMAD4 mutation was more
prevalent in unresectable PDAC cases with a higher metastatic burden, whereas SMAD4 wildtype cases were
more amenable to chemotherapy and surgical resection (70). Furthermore, clinical studies have proved that
SMAD4 protein expression, acts as an important prognostic marker. In a series of over 200 PDAC cases, median
survival was shown to be 19.2-20.5 months for intact SMAD4 expression compared to 13.7-14.7 months for loss
of SMAD4 expression, respectively (67). Several meta-analyses have also proven the association of SMAD4 loss
with poor prognosis (15,67,70).
SMAD4 inactivating mutations occur in approximately 20% of all pancreatic cancer. They are typically within the
MH1 (DNA binding) or MH2 (transcriptional activation) domains of the protein. Additional mutations include
deletion of the entire chromosome with a point, frameshift, nonsense, and missense mutations reported. Functional
studies have shown missense mutations within the MH2 domain result in the loss of protein stability and
disruption of the dimerization ability of the SMADS (72). Furthermore, a study by Xu et al. (2000) found that
although SMAD4 proteins with MH1 domain point mutations are translated at similar rates as wild-type proteins,
they have a shorter half-life and are more rapidly degraded by a ubiquitin-mediated pathway(72).
SMAD4 as a prognostic marker
The diagnosis of pancreatic adenocarcinoma frequently occurs at an advanced stage, leading to inoperability and a
median survival rate of 4-8 months following diagnosis. When the disease is limited to the pancreas, surgical
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resection can improve the 5-year survival rate to 15-20%. The surgical and pathological prognostic factors for
PDAC are tumor location (localized in the pancreas), margin status, vascular invasion, tumor size, and TNM
staging. Recent studies have proven that tumor expression of TGF-β/SMAD4 plays a pivotal role in cancer
prognosis and survival of the patient. More than 50% of PDAC show SMAD4 alteration with concomitant
mutation of INK4A/ARF tumor suppressor gene and a Kras oncogene5. A SMAD4 related survival study of 25
PDAC patients (8 patients with gene alteration) show SMAD4 gene mutated cases survival period was shorter than
SMAD4 nonmutated cases (median survival 5 and 10 months, respectively, P=0.001) (73). In a different study of
surgically resected pancreatic adenocarcinoma patients, survival was shown significantly longer (unadjusted
median survival, 19.2 months) with tumors expressed SMAD4 protein as compared with SMAD4 protein
expression (14.7 months, P _ 0.03). This SMAD4 survival benefit was not related to other prognostic factors
including tumor size, margin status, lymph node status, pathological stage, blood loss, and use of adjuvant
chemoradiotherapy (10). The median survival differences of about 5 months explain the clinical significance of
SMAD4 expression PDAC. A meta-analysis of 4247 patients in 20 published articles concluded that the
immunohistochemical loss of SMAD4 predicted poor overall survival in both Asian and Caucasian patients with
pancreatic cancer, but did not correlate with tumor size, differentiation, or lymph node metastasis (68). In another
meta-analysis of 1762 patients from 14 studies found that loss of SMAD4 correlated signiﬁcantly with poor
overall survival. The multivariate analysis showed that the loss of SMAD4 predicted poor prognosis in patients
with less advanced disease (likely Stage I to Stage II pancreatic cancer) (15).
A recent development in gene sequencing technology allows us to know the detail of cancer genome and to
identify genetic markers for prognosis of pancreatic cancer. Blackford et. al studied a series of 24 adenocarcinoma
patients by doing protein-coding gene sequencing. The result showed a mutation of 39 genes in more than one of
these cases. In their next study, they showed somatic mutation correlated with the survival of the patients. They
examined all the members of the TGF-β pathway (SMAD3, SMAD4, TGFβR1, and TGFβR2) individually and
together. The survival analysis of mutated and non-mutated SMAD4 gene showed a significant difference. Cases
with the intact SMAD4 gene had a median survival rate longer than SMAD4 mutated gene (14.2 [95% C.I., 12.5 –
20.5 and 11.5 [95% C.I., 8.5 – 16.0] month respectively) (70). The recent extensive molecular study is going on to
definitively define the sub-groups of pancreatic cancer who could be benefited by targeted therapy.
Current Targeted Therapy for the TGF-β /SMAD Pathway
Role of TGF-β signaling as a potent tumor suppressor in most of the solid tumors focus on developing the
therapeutic target. In advanced cancers, there is a selective loss of TGF-β induce growth inhibitory function and
induction of other activities that lead to growth, invasion, and metastasis of cancer cells (56,69). Current studies
differentiate the tumor suppressive and promoting the role of TGF-β at the cellular level to potentiate the antitumor effect and at the same time suppress the pro-oncogenic effect. TGF-β/SMAD dependent signaling pathway
is thought to be the tumor suppressive whereas the other TGF-β/SMAD independent pathway is considered as prooncogenic. The dual functions of TGF-β bring a challenge to identify the selective pathway of the tumor for the
appropriate therapeutic intervention. There are several proposed therapeutic approaches to target the TGF-β
pathway. According to Massage et al, three best approaches to inhibit TGF-β signaling pathways are 1)
translational level inhibition, 2) ligand-receptor level inhibition and 3) inhibition of receptor-mediated signaling
(69). The aim of each of these targeted therapies is to inhibit tumor-promoting function and maintain the tumor
suppressive function of TGF-β. One of the other conventional approaches is to target TGF-β induced epithelialmesenchymal transition (EMT). Advancement of large molecule inhibitors and small molecule inhibitors are
designed to inhibit the generation of TGF-β and downstream signaling pathway.
AP-12009, one of the antisense oligonucleotides (ASO) act directly against the mRNA of TGF-β2. An ongoing
study has shown a survival benefit of pancreatic adenocarcinoma and melanoma using AP-12009, supporting the
promising role of AP-12009 on aggressive tumors overexpress TGF-β2 (74). The other ASO under study and
preclinical training are AP-11014 and AP-15012 (28). Monoclonal antibodies are the choice of targeted therapy for
many cancers. In the TGF-β signaling pathway, these antibodies target the ligand-receptor binding and prevent
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subsequent ligand signaling (28). Some of these monoclonal antibodies are in under advance the clinical
investigation, including Lerdelimumab (CAT-152, Trabio TM), metelimumab (CAT-192) antibody against TGFβ2, TGF-β1. In tumor immune microenvironment, TGF-β exerts its immunosuppressive function through
antagonizing Interleukin (IL)-15 mediated natural killer (NK) cell proliferation. The suppression of the cytotoxic
function of NK and T cells, through SMAD dependent pathway, is another key role in tumor immune evasion
(75,76). Inhibition of TGF-β mediated signaling has shown a reversal of immune evasion function by the
restoration of immune activity against the tumor cells (77). Targeting TGF-β mediated immunosuppression in the
tumor microenvironment is a new therapeutic target but the effects of the TGF-β inhibitor on human immune
system needs to be further evaluated.
The dual role of TGF-β in oncogenesis makes it a potential target for cancer therapy. Extensive studies have been
done to evaluate its nature of interactions with TGF-β-receptors and subsequent signaling pathway (SMAD
dependent and SMAD independent). Preclinical and clinical studies are going on targeting at different levels of
interactions are showing promising results. anti-tumor effect and at the same time suppress the pro-oncogenic
effect. TGF-β/SMAD dependent signaling pathway is thought to be the tumor suppressive whereas the other TGFβ/SMAD independent pathway is considered as pro-oncogenic. The dual functions of TGF-β bring a challenge to
identify the selective pathway of the tumor for the appropriate therapeutic intervention. There are several proposed
therapeutic approaches to target the TGF-β pathway. According to Massage et al, three best approaches to inhibit
TGF-β signaling pathways are 1) translational level inhibition, 2) ligand-receptor level inhibition and 3) inhibition
of receptor-mediated signaling (69). The aim of each of these targeted therapies is to inhibit tumor-promoting
function and maintain the tumor suppressive function of TGF-β. One of the other conventional approaches is to
target TGF-β induced epithelial-mesenchymal transition (EMT). Advancement of large molecule inhibitors and
small molecule inhibitors are designed to inhibit the generation of TGF-β and downstream signaling pathway.
AP-12009, one of the antisense oligonucleotides (ASO) act directly against the mRNA of TGF-β2. An ongoing
study has shown a survival benefit of pancreatic adenocarcinoma and melanoma using AP-12009, supporting the
promising role of AP-12009 on aggressive tumors overexpress TGF-β2 (74). The other ASO under study and
preclinical training are AP-11014 and AP-15012 (28). Monoclonal antibodies are the choice of targeted therapy for
many cancers. In the TGF-β signaling pathway, these antibodies target the ligand-receptor binding and prevent
subsequent ligand signaling (28). Some of these monoclonal antibodies are in under advance the clinical
investigation, including Lerdelimumab (CAT-152, Trabio TM), metelimumab (CAT-192) antibody against TGFβ2, TGF-β1. In tumor immune microenvironment, TGF-β exerts its immunosuppressive function through
antagonizing Interleukin (IL)-15 mediated natural killer (NK) cell proliferation. The suppression of the cytotoxic
function of NK and T cells, through SMAD dependent pathway, is another key role in tumor immune evasion75,76.
Inhibition of TGF-β mediated signaling has shown a reversal of immune evasion function by the restoration of
immune activity against the tumor cells (77. Targeting TGF-β mediated immunosuppression in the tumor
microenvironment is a new therapeutic target but the effects of the TGF-β inhibitor on human immune system
needs to be further evaluated.
The dual role of TGF-β in oncogenesis makes it a potential target for cancer therapy. Extensive studies have been
done to evaluate its nature of interactions with TGF-β-receptors and subsequent signaling pathway (SMAD
dependent and SMAD independent). Preclinical and clinical studies are going on targeting at different levels of
interactions are showing promising results.

Conclusion
PDAC is a devastating malignancy highlighted by the early metastatic spread and advanced stage at diagnosis.
Most of the cases are not amenable to surgical resection. Several studies have shown a strong association of TGFβ with cancer prognosis, metastasis, and survival. Additionally, the role of SMAD-dependent signal transduction
pathway is important to explain the association of TGF-β with PDAC carcinogenesis. TGF-β targeted therapy is
now established for several human cancers and several preclinical and clinical data have shown that TGF-β
blockade could be effective in the treatment of PDAC. Checkpoint inhibitors introduce a new therapeutic guideline
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in treating cancer. Monotherapy with checkpoint inhibitors could not sufficiently treat an advanced pancreatic
cancer patient. There is increasing evidence of treating several cancers with targeting TGF-B signaling suggesting
the combination of check-point inhibitors with TGF-B signaling inhibition could increase the survival. Thusly, the
precision targeting of the TGF- β/SMAD4 signaling pathway could be critical in the treatment of PDAC.
References
1. Li D, Xie K, Wolff R, Abbruzzese JL. Lancet. 2004; 363 (9414): 1049-1057.
2. Gong Z, Holly EA, Bracci PM. Survival in population-based pancreatic cancer patients: San Francisco Bay area, 1995–1999.
Am. J. Epidemiol. 2011; 174: 1373–1381.
3. Sultana A, Cox T, Ghaneh P, Neoptolemos JP. Adjuvant therapy for pancreatic cancer. Recent Results Cancer Res. 2012; 196:
65–88.
4. Ali S, Cohen C, Little JV, et. al. The utility of SMAD4 as a diagnostic immunohistochemical marker for pancreatic
adenocarcinoma, and its expression in other solid tumors. Diagn Cytopathol. 2007; 35 (10): 644-648.
5. Hahn SA, Schutte M, Hoque AT, et. al. DPC4, a candidate tumor suppressor gene at human chromosome 18q21.1. Science.
1996; 271 (5247): 350-353.
6. Hahn SA, Hoque AT, Moskaluk CA, et. al. Homozygous deletion map at 18q21.1 in pancreatic cancer. Cancer Res. 1996; 56 (3):
490-494.
7. Schutte M, Hruban RH, Hedrick L, et. al. DPC4 gene in various tumor types. Cancer Res. 1996; 56 (11): 2527-2530.
8. Hruban RH, Wilentz RE, Kern SE. Genetic Progression in the Pancreatic Ducts. Am J Pathol. 2000; 156 (6): 1821–1825.
9. Furukawa T, Sunamura M, Horii A. Molecular mechanisms of pancreatic carcinogenesis. Cancer Sci. 2006; 97: 1–7.
10. Xia X, Wu W, Huang C, Cen G, Jiang T, Cao J, Huang K, Qiu Z. SMAD4 and its role in pancreatic cancer. Tumour Biol. 2015;
36: 111–119.
11. Pérez-Mancera PA, Guerra C, Barbacid M, Tuveson DA. What we have learned about pancreatic cancer from mouse models.
Gastroenterology. 2012; 142: 1079–1092.
12. Bardeesy N, Cheng KH, Berger JH, et al. Smad4 is dispensable for normal pancreas development yet critical in progression and
tumor biology of pancreas cancer. Genes Dev. 2006; 20: 3130–3146.
13. Ijichi H, Chytil A, Gorska AE, et. al. Aggressive pancreatic ductal adenocarcinoma in mice caused by pancreas-specific
blockade of transforming growth factor-beta signaling in cooperation with active Kras expression. Genes Dev. 2006; 20: 3147–
3160.
14. Izeradjene K, Combs C, Best M, et al. KrasG12D and Smad4/Dpc4 haploinsufficiency cooperate to induce mucinous cystic
neoplasms and invasive adenocarcinoma of the pancreas. Cancer Cell. 2007; 11: 229–243.
15. Xing S, Yang H, Liu J, et al. Prognostic Value of SMAD4 in Pancreatic Cancer: A Meta-Analysis. Transl. Oncol. 2016; 1: 1–7.
16. Moore PS, Sipos B, Orlandini S, et al. Genetic profile of 22 pancreatic carcinoma cell lines. Analysis of K-ras, p53, p16, and
DPC4/Smad4. Virchows Arch. 2001; 439: 798-802.
17. Tirado-Rodriguze B, Ortega E, Segura-Medina P, Huerta-Yepez S. TGF-b: An Important mediator of allergic disease and a
molecule with dual activity in cancer development. J Immunol Res. 2014; 318481: 1-15.
18. Derynck R, Zhang YE. Smad-dependent and Smad-independent pathways in TGF-beta family signalling. Nature. 2003; 425:
577-584.
19 Lack J, O'Leary JM, Knott V, et al. Solution structure of the third TB domain from LTBP1 provides insight into assembly of the
large latent complex that sequesters latent TGF-beta. J Mol Biol. 2003; 334: 281-291.
20. Shi Y, Massagué J. Mechanisms of TGF-β signaling from cell membrane to the nucleus. Cell. 2003; 113: 685–700.
21. Zhang Y, Musci T, Derynck R. The tumor suppressor Smad4/DPC 4 as a central mediator of Smad function. Curr. Biol. 1997;
7: 270–276.
22. Chen Y, Lebrun JJ, Vale W. Regulation of transforming growth factor β- and activin-induced transcription by mammalian Mad
proteins. Proc. Natl. Acad. Sci. USA. 1996; 93: 12992–12997.
23. Zhang Y, Feng XH, Derynck R. Smad3 and Smad4 cooperate with c-Jun/c-Fos to mediate TGF-beta-induced transcription.
Nature. 1998; 394: 909–913.
24. Biswas S, Criswell TL, Wang SE, Arteaga CL. Inhibition of transforming growth factor-beta signaling in human cancer:
targeting a tumor suppressor network as a therapeutic strategy. Clin Cancer Res. 2006; 12: 4142–4146.
25. Jakowlew SB. Transforming growth factor-beta in cancer and metastasis. Cancer Metastasis Rev. 2006; 25: 435–457.
26. Furukawa T, Sunamura M, Horii A. Molecular mechanisms of pancreatic carcinogenesis. Cancer Sci. 2006; 97: 1–7.
27. Duda DG, Sunamura M, Lefter LP, Furukawa T, Yokoyama T, et al. Restoration of SMAD4 by gene therapy reverses the
invasive phenotype in pancreatic adenocarcinoma cells. Oncogene. 2003; 22: 6857–6864.
28. Gomez-Puerto MC, Iyengar PV, Vinuesa AGD, Dijke PT, Sanchez-Duffhues G. Bone morphogenetic protein receptor signal
transduction in human disease. J Pathol 2019; 247: 9–20

BSJ 1:1 June 15, 2022 | Page 26

BMANA Scientific Journal

29. Zhang YE. Non-Smad signaling pathways of the TGF-β family. Cold Spring Harb Perspect Biol 2017; 9: a022129.
30. Tang D, Wu D, Hirao A, Lahti JM, Liu L, Mazza B et al. ERK activation mediates cell cycle arrest and apoptosis after DNA
damage independently of p53. J Biol Chem. 2002; 277: 12710–12717.
31. Torii S, Yamamoto T, Tsuchiya Y, Nishida E. ERK MAP kinase in G cell cycle progression and cancer. Cancer Sc. 2006; 97:
697–702.
32. Pouyssegur J, Volmat V, Lenormand P. Fidelity and spatio-temporal control in MAP kinase (ERKs) signalling. Biochem
Pharmaco. 2002; 64: 755–763.
33. Lee M.K., Pardoux C., Hall M.C., Lee P.S., Warburton D., Qing J., Smith S.M., Derynck R. TGF-beta activates Erk MAP
kinase signalling through direct phosphorylation of ShcA. EMBO J. 2007; 26: 3957–3967.
34. Principe DR, Diaz AM, Torres C, et al. TGFβ engages MEK/ERK to differentially regulate benign and malignant pancreas cell
function. Oncogene. 2017; 36: 4336-4348.
35. Hough C, Radu M, Doré JJ. TGF-beta induced Erk phosphorylation of smad linker region regulates smad signaling. PLoS
ONE. 2012; 7: e42513.
36. Ellenrieder V, Hendler SF, Boeck W, et al. Transforming growth factor beta1 treatment leads to an epithelial-mesenchymal
transdifferentiation of pancreatic cancer cells requiring extracellular signal-regulated kinase 2 activation. Cancer Res. 2001; 61:
4222–4228.
37. Principe DR, DeCant B, Staudacher J, Vitello D, Mangan RJ, Wayne EA et al. Loss of TGFbeta signaling promotes colon
cancer progression and tumor-associated inflammation. Oncotarget. 2017; 8: 3826–3839.
38. Wrighton KH, Lin X, Feng XH. Phospho-control of TGF-beta superfamily signaling. Cell Res. 2009; 19: 8–20.
39 Leung L, Radulovich N, Zhu CQ, et al. Loss of canonical Smad4 signaling promotes KRAS driven malignant transformation of
human pancreatic duct epithelial cells and metastasis. PLoS ONE. 2013; 8:e84366
40. Krantz SB, Shields MA, Dangi-Garimella S, Munshi HG, Bentrem DJ. Contribution of epithelial-to-mesenchymal transition
and cancer stem cells to pancreatic cancer progression. J. Surg. Res. 2012; 173: 105–112.
41. Principe DR, Doll JA, Bauer J, Jung B, Munshi HG, Bartholin L et al. TGF-beta: duality of function between tumor prevention
and carcinogenesis. J Natl Cancer Inst. 2014; 106: djt369.
42. Nicolas FJ, Hill CS. Attenuation of the TGF-beta-Smad signaling pathway in pancreatic tumor cells confers resistance to TGFbeta-induced growth arrest. Oncogene. 2003; 22: 3698–3711.
43. Gartel AL, Radhakrishnan SK. Lost in transcription: p21 repression, mechanisms, and consequences. Cancer Res. 2005; 65:
3980–3985.
44. Yasutome M, Gunn J, Korc M. Restoration of Smad4 in BxPC3 pancreatic cancer cells attenuates proliferation without altering
angiogenesis. Clin Exp Metastasis. 2005; 22: 461–473.
45.Ijichi H, Otsuka M, Tateishi K, Ikenoue T, Kawakami T, Kanai F et al. Smad4-independent regulation of p21/WAF1 by
transforming growth factor-beta. Oncogene. 2004; 23: 1043–1051.
46. Grabliauskaite K, Hehl AB, Seleznik GM, Saponara E, Schlesinger K, Zuellig RA et al. p21(WAF1) (/Cip1) limits senescence
and acinar-to-ductal metaplasia formation during pancreatitis. J Pathol. 2015; 235: 502–514.
47.Yin JJ, Selander K, Chirgwin JM, et al. TGF-β signaling blockade inhibits PTHrP secretion by breast cancer cells and bone
metastases development. J Clin Invest. 1999; 103:197–206.
48. Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial–mesenchymal transitions in development and disease. Cell 2009;
139:871–890.
49. Yang J, Weinberg RA. Epithelial–mesenchymal transition: at the crossroads of development and tumor metastasis. Dev Cell
2008; 14:818–829.
50. Thiery JP, Sleeman JP. Complex networks orchestrate epithelial–mesenchymal transitions. Nat Rev Mol Cell Biol 2006; 7:131–
142.
51. Peinado H, Olmeda D, Cano A. Snail, Zeb and bHLH factors in tumour progression: an alliance against the epithelial
phenotype? Nat Rev Cancer 2007; 7:415–428.
52. Meulmeester E, Ten Dijke P. The dynamic roles of TGF-β in cancer. J. Pathol. 2011; 223: 205–218.
53. Vincent T, Neve EP, Johnson JR, et al. A SNAIL1-SMAD3/4 transcriptional repressor complex promotes TGF-β mediated
epithelial–mesenchymal transition. Nat Cell Biol 2009; 11:943–950.
54. Bracken CP, Gregory PA, Kolesnikoff N, et al. A double-negative feedback loop between ZEB1-SIP1 and the microRNA-200
family regulates epithelial–mesenchymal transition. Cancer Res 2008; 68:7846–7854.
55. Derynck R, Akhurst RJ. Differentiation plasticity regulated by TGF-β family proteins in development and disease. Nat. Cell
Biol. 2007; 9: 1000–1004.
56. Sánchez-Elsner T, Botella LM, Velasco B, Corbí A, Attisano L, Bernabéu C. Synergistic cooperation between hypoxia and
transforming growth factor-beta pathways on human vascular endothelial growth factor gene expression. J. Biol. Chem. 2001; 276:
38527–38535.

BSJ 1:1 June 15, 2022 | Page 27

AHMED et al

57. Gurumurthy S, Bardeesy N. Uncapping NF-κB activity in pancreatic cancer. EMBO J. 2011; 30: 1–2.
58. Eliceiri BP. Integrin and growth factor receptor crosstalk. Circ. Res. 2001;89:1104–1110.
59. Weis S.M, Cheresh DA. Tumor angiogenesis: Molecular pathways and therapeutic targets. Nat. Med. 2011; 17: 1359–1370.
60. Mao Y, Keller ET, Garfield DH, et al. Stromal cells in tumor microenvironment and breast cancer. Cancer Metastasis Rev.
2013; 32: 303–315.
61. Kuang PP, Joyce-Brady M, Zhang XH, Jean JC, Goldstein RH. Fibulin-5 gene expression in human lung fibroblasts is
regulated by TGF-β and phosphatidylinositol 3-kinase activity. Am. J. Physiol. Cell Physiol. 2006; 291: C1412–C1421.
62. Krzemień S, Knapczyk P. Current review on the role of transforming growth factor beta (TGF-beta) in some pathological
disorders. Wiad. Lek. 2005; 58: 536–539.
63. Ignotz RA, Massagué J. Transforming growth factor-beta stimulates the expression of fibronectin and collagen and their
incorporation into the extracellular matrix. J. Biol. Chem. 1986; 261: 4337–4345.
64. Kajdaniuk D, Marek B, Borgiel-Marek H, Kos-Kudła B. Vascular endothelial growth factor (VEGF)—Part 1: In physiology
and pathophysiology. Endokrynol. Polska. 2011; 62: 444–455.
65. Kajdaniuk D, Marek B, Foltyn W, Kos-Kudła B. Vascular endothelial growth factor (VEGF)—Part 2: In endocrinology and
oncology. Endokrynol. Polska. 2011; 62: 456–464.
66. Zhao J, Liang Y, Yin Q, Liu S, Wang Q, Tang Y, Cao C. Clinical and prognostic significance of serum transforming growth
factor-beta1 levels in patients with pancreatic ductal adenocarcinoma. Braz. J. Med. Biol. Res. 016; 49 (8): e5485.
67. Tascilar M, Skinner HG, Rosty C, et al. The Smad4 protein and prognosis of pancreatic ductal adenocarcinoma. Clin. Cancer
Res. 2001; 12: 4115–4121.
68. Du Y, Zhou X, Huang Z, Qiu T, Wang J, Zhu W, Wang T, Liu P. Meta-Analysis of the Prognostic Value of Smad4
Immunohistochemistry in Various Cancers. PLoS ONE. 2014; 10: e110182.
69. Massagué J. TGFβ in Cancer. Cell. 2008; 134: 215–230.
70. Blackford A, Serrano OK, Wolfgang CL, et al. SMAD4 gene mutations are associated with poor prognosis in pancreatic cancer.
Clin. Cancer Res. 2009; 15: 4674–4679.
71. Maitra A, Molberg K, Albores-Saavedra J, Lindberg G. Loss of Dpc4 expression in colonic adenocarcinomas correlates with
the presence of metastatic disease. Am. J. Pathol. 2000; 157: 1105–1111.
72. Xu J, Attisano L. Mutations in the tumor suppressors Smad2 and Smad4 inactivate transforming growth factor β signaling by
targeting Smads to the ubiquitin–proteasome pathway. Proc Natl Acad Sci U S A. 2000; 97: 4820–4825.
73. Bilici A. Prognostic factors related with survival in patients with pancreatic adenocarcinoma. World J Gastroenterol. 2014; 20:
10802–10812.
74. Nemunaitis J, Jahan T, Ross H, et al. Phase 1/2 trial of autologous tumor mixed with an allogeneic GVAX vaccine in advancedstage non-small-cell lung cancer. Cancer Gene Ther. 2006; 13: 555–562.
75. Trotta R, Col JD, Yu J, Ciarlariello D, Thomas B, et al. TGF-beta utilizes SMAD3 to inhibit CD16-mediated IFN-gamma
production and antibody-dependent cellular cytotoxicity in human NK cells. J Immunol. 2008; 181: 3784–3792.
76. Thomas DA, Massague J. TGF-beta directly targets cytotoxic T cell functions during tumor evasion of immune surveillance.
Cancer Cell. 2005; 8: 369–380.
77. Wilson EB, El-Jawhari JJ, Neilson AL, et al. Human tumour immune evasion via TGF-beta blocks NK cell activation but not
survival allowing therapeutic restoration of anti-tumour activity. PLoS One. 2011; 6: e22842.

Link: DOI:10-29245/2578-297/2019/2.1141
https://www.cancertreatmentjournal.com/articles/the-promising-role-of-tgf-smad4-inpancreatic-cancer-the-future-targeted-therapy.pdf

BSJ 1:1 June 15, 2022 | Page 28

A review of neuromuscular manifestations and complications of COVID-19 Infection
Kazi Md Asif Hilmi, MD
Department of Neurology, Division of neuromuscular Medicine, Penn state University, PA, USA
A wide range of neuromuscular complications have been associated with COVID-19 and raised several concerns
about the care of individuals with neuromuscular disorders (NMDs). This article intends to review the
neuromuscular complications associated with COVID-19, outlining the implications of the SARS-CoV-2
pandemic for individuals with existing neuromuscular disorders. These implications may be related to a
speculative increased risk of infection and more severe disease in this population or to exacerbation of underlying
symptoms by COVID-19 infections.
Neuromuscular Manifestations of Covid-19 Infection
Guillain Barre Syndrome
Myopathy
Rhabdomyolysis
Mononeuropathy
NMJ disease
ICU acquired weakness
Guillain Barre Syndrome
GBS has been described in association with SARS-CoV-2. COVID-19 has been associated with parainfectious
(during the acute infection) or postinfectious GBS and all common variants of GBS have been reported. The exact
prevalence of COVID-19–associated GBS remains uncertain because of potential ascertainment bias and selective
reporting but appears to be low. The pathophysiology of GBS is thought to occur through molecular mimicry
between viral epitopes and peripheral nerves, which stimulates an autoimmune driven bystander attack against
myelin or axons. It has been suggested that the spike protein of SARS-CoV-2 binds to sialic acid residues of
gangliosides. This cross-reactivity to peripheral nerve gangliosides may trigger an immune reaction by molecular
mimicry, resulting in GBS. However, anti-ganglioside antibodies have been only infrequently detected in reported
cases of COVID-19–associated GBS There is no robust evidence of SARS-CoV-2 direct viral invasion of
peripheral nerves.
GBS seems to affect men and people more than age 65 more frequently.
The latency between the onset of COVID-19 symptoms and time to onset of GBS ranges from 2 days to 4 weeks,
although cases in which weakness preceded typical COVID-19 symptoms have been described.
Myopathy
Muscle complications have been commonly associated with coronavirus infections and in the setting of severe
sepsis and critical illness. Postmortem pathology from 8 people who died from SARS infections found myofiber
necrosis (50%) or myofiber atrophy (50%). Immune-mediated myopathy and superimposed steroid myopathy
were postulated as the causes, respectively. Myalgia occurs in 36% to 70% of people with COVID-19.
A retrospective study from Wuhan, China reported 11% of individuals who had COVID-19 had skeletal muscle
injury, defined by a creatinine kinase elevation >200 U/L associated with myalgia, with a higher incidence in those
with severe infection.23 In a group of 814 individuals with COVID-19 in Spain, 9% had elevated creatinine kinase
and 3% had evidence of myopathy.
A case series from Italy reported 6 individuals with COVID-19 and flaccid quadriplegia, intact facial strength and
and ocular movements, normal to mildly elevated creatinine kinase, and evidence of myopathic abnormalities on
electrophysiological testing. Although the authors noted these are likely finding of critical illness myopathy, they
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also postulated a direct effect of SARS-CoV-2 on muscle fibers, supported by finding of angiotensin converting
enzyme (ACE) 2 receptors on myofibers.
Myositis as a manifestation of COVID-19 has been documented with MRI in a person with interstitial
pneumonitis, suggesting an autoimmune-mediated mechanism. Rhabdomyolysis has also been described with
COVID-19 coronavirus disease. The frequency ranges from 0.2% to 1.1%, and appears to be more prevalent in
those patients with severe disease.
Mononeuropathies
In a cohort of 83 patients admitted to hospital with acute respiratory distress syndrome (ARDS) and COVID-19,
14.5% had mononeuropathies (sometimes multiple), most commonly in the ulnar, radial, and sciatic nerves. This
could be related to the use of prone positioning for management of ARDS, considering as 11 of 12 individuals
with mononeuropathies had been placed in prone positions. However, whether this finding is directly associated
with the prone position, the viral infection, or the multiple comorbidities seen in this patient group is unknown.
Neuromuscular Junction Disorders
In a series of 3 cases of new onset acetylcholine receptor antibody-positive (Anti-Ach+) myasthenia gravis (MG)
after COVID-19, symptoms included diplopia, ptosis, dysphagia, and generalized weakness 5 to 7 days after the
onset of febrile illness. A decrement in repetitive nerve stimulation and elevated titers of Antioch were found in all
3 individuals. The authors concluded these are cases of new-onset MG and proposed a molecular mimicry
mechanism. The direct relationship between COVID-19 and the development of MG, however, is debatable. It is
possible these patients had subclinical MG that was unmasked by viral illness or the use of antibiotics or
antimalarial.
Critical Illness Acquired Weakness
In those who are critically ill with COVID-19, determining if weakness is a manifestation of the critical illness
itself or the complications associated with SARS-CoV-2 can be challenging. Severe respiratory distress, systemic
inflammatory response, multiorgan failure, sepsis, hyperglycemia, steroid use, and neuromuscular blockade, all of
which are commonly seen in people with COVID-19, are known to be associated with intensive care unit (ICU)acquired weakness (ICUAW). In a large case series, neurologic complications were more common in severe
COVID-19, suggesting that neuromuscular manifestations could be related, at least in part, to the critical illness. A
single-center study reported that people with COVID-19 who required mechanical ventilation had ICUAW upon
awakening (72%), at ICU discharge (52%), and at the time of hospital discharge (27%). Those who developed
ICUAW had longer times on ventilation and in the ICU, higher morning glucose levels, and received more
dialysis, corticosteroids, sedatives, analgesics, and neuromuscular blockade.
Conclusion
The global pandemic of coronavirus disease 2019 (COVID-19) has revealed a surprising number of extrapulmonary manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. As of
May 2022, COVID-19 has affected 522 million people and produced more than six million deaths including over
one million deaths in USA. Older age and comorbidities such as cardiovascular disease, diabetes mellitus and
obesity are risk factors for developing severe disease. Knowledge about neuromuscular manifestation will
facilitate early management intervention and proper referral for appropriate care.
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The Benefit of Lateral Radiographs in an Intensive Care Unit
Robert D. Brandstetter, MD, Jrum C. Garcia, MD, Mujibur Majumder, MD. and AlGin
Chisolm, MD
Department of Medicine and Radiology, New Rochelle Hospital Medical Center, New Rochelle, NY,
USA
The portable anteroposterior (AP) radiograph (CXR) is an essential component of clinical management in the
intensive care unit (ICU). In view of the immobility of patients, and overlying tubes, wires, and catheters, lateral
(LAT) CXRs are infrequently ordered. We constructed a portable acrylic (Plexiglas) CXR cassette holder and were
able to obtain reproducible quality LAT CXRs in the ICU. Of the 72 simultaneously obtained AP and LAT CXRs,
60 were technically acceptable for interpretation. We found an 11 percent incidence of either unexpected
conditions or we were able to improve on the AP CXR interpretation. Lateral CXRs should be obtained routinely
in the ICU in select patients. (Chest.1994: 105 (2):560-562)
Within the intensive care unit (ICU), the anteroposterior (AP) radiograph (CXR) is one of the most important
diagnostic tools for the management of chest disorders (1-6). The technical quality of these CXRs varies, however,
due to the restricted position of the patient, overlying tubes, wires, and catheters, the presence of other monitoring
paraphernalia, and the difficulty in obtaining consistent film density (7). Accordingly, the value of the lateral
(LAT) CXR in the ICU setting has not been meaningfully studied probably due to even greater technical
difficulties in obtaining acceptable images. Indeed, we could find only two studies in the literature in which
routine LAT CXRs were performed in either debilitated patients (8) or children with an acute pulmonary illness
(9). In both reports, the LAT CXRs were taken in the radiology department where significant findings were found
under specific clinical situations. This study, therefore, describes our experience in designing a cassette holder for
LAT CXRs and whether our diagnostic and management capabilities were enhanced.
Methods
Over a 4-month period (February 1, 1992 to May 30, 1992), we prospectively obtained 72 AP and LAT CXRs on
54 patients, aged 17 to 92 years (mean. 63 years). We utilized our medical ICU composed of ten beds.
Patient demographics for these CXRs can be found in Table 1 and included eight patients with chronic obstructive
pulmonary disease, nine with pneumonia, ten with congestive heart failure, six in shock, nine postoperative, and
three miscellaneous patients, which included drug overdose, pancreatitis, and trauma, with the adult respiratory
distress syndrome.
The methods utilized to obtain the AP CXR were standard in the ICU routine. With the patient lying in the supine
position, the radiograph would be taken from a distance of 60 cm using 90 kV. Lateral CXRs were also taken from
a distance of 60 cm using the same x-ray kV. The LAT CXRs were taken on the left 32 or right 40 side depending
on the location of the area of disease.
Over a period of 7 months, we developed a cassette holder device that is acrylic (Plexiglas), portable, and
lightweight. It is composed of a flat end (Figure 1, label A) that slides under the back of the patient and a
perpendicular end (label B) that supports the upright cassette film extending along the chest wall. With the patient
in the supine posture, the arms are extended and supported 90° from the side. If the patient is strong enough, and
mobility of intravenous lines and wires permitted, the arms were extended over the head.
The development of the portable LAT CXR cassette holder allowed us not only to obtain the radiographs in a more
utilitarian fashion, but also allowed standardized quality imaging. All radiographs were submitted the same day to
the radiology department for interpretation by one of five radiologists. Feedback by the radiologist of the
radiographic findings occurred in the usual fashion. At the end of the study, all radiographs were separately
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reviewed by a pulmonologist (R.D.B.) and a radiologist (A.C.). The AP radiographs were initially reviewed, and
then the LAT radiographs. All interpretations were then correlated with the earlier independent readings.

Table 1-Patient Demographics
Age/yr
Male
Male

COPD

22-92 (Mean 61)
17-89 (Mean 67)

3
5

Pneumonia

CHF

Shock

5
5

5
5

3
3

Postoperative

Miscellaneous

5
5

1
2

*Miscellaneous: drug overdose, asthma, pancreatitis, trauma, AROS. *CHF=congestive heart failure.
Results
Of the 72 simultaneously obtained AP and LAT CXRs, 60 LAT CXRs were technically acceptable for
interpretation. Since portable radiographs are not phototimed, varying densities in 12 radiographs resulted.
On eight occasions (13 percent), the technically below the nasogastric tube within the esophagus (respectively).
We were also able to determine on two patients that the presence of a unilateral haze and a bilateral haze as seen
on an AP radiograph were, in fact, pleural effusions as determined by a LAT CXR.
A patient who had been seen in the ICU was admitted with severe abdominal pain. The AP radiograph of the chest
demonstrated what appeared to be a large unusual-shaped gastric bubble. However, a LAT CXR was obtained that
demonstrated that in fact, free air was under the left diaphragm indicating a ruptured viscus.
On two other separate occasions, retrocardiac densities were suspected as noted on AP CXR. On obtaining the
LAT CXRs, infiltrates and atelectasis were found, dictating a change in clinical management.
A patient who was suspected of aspirating nasogastric tube feedings required an AP radiograph to determine the
position of the tube. On the AP view, no abnormality was noted; however, on obtaining the LAT CXR, we were
able to demonstrate a critical bend in the nasogastric tube within the stomach that was not apparent on the AP
radiograph.

Table 2-Value of lateral Radiography
Reason for AP CXR
(2) Position of SGC
(2) Retrocardiac density-bilateral
haze/unilateral haze
Position of N/G tube in stomach
Possible free air under diaphragm

LAT CXR Interpretation
Tip of sec in West zone 2 and 3
LLL infiltrate and atelectasis
Pleural effusion
Critically bent N/G tube in stomach
Free air under diaphragm

Diagnosis

Pneumonia and atelectasis
Congestive heart failure
Aspiration
Ruptured viscous

*N/G=nasoastric tube; SGC=Swan-Ganz catheter: LLL=left lower lobe; AP=anterioposterior; LAT=leteral.
Discussion
The portable CXR is an essential component of clinical patient treatment in the ICU (3,6). Anteroposterior images
have been the exclusive portable technique utilized. The routine use of such CXRs has led to improved diagnostic
interpretations over the years 3-7). In addition, unexpected cardiopulmonary abnormalities have been detected
frequently, and malposition or complications of intravascular devices and endotracheal thoracostomy or
nasogastric tubes have also commonly been found (1-7, 10-12).
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We believe that our preliminary study demonstrates the importance of the LAT CXR in select patients and/or
under certain circumstances (Table 2). Although our 13 percent incidence of LAT CXR findings is lower than the
35 percent incidence of AP CXR abnormalities as reported by Bekemeyer et al, (5) we believe that this procedure
is indicated for the same reasons as reported for noncritically ill patients. Certainly the value of the LAT CXR has
been shown in children with acute pulmonary illness (9).
Within the ICU, atelectasis is probably the most common cause of lung opacification on CXR. The left lower lobe
may be involved more than 60 percent of the time (10). In two of our patients, a LAT CXR confirmed the presence
of a left lower lobe consolidative process suggested by AP CXR. In view of the fact that a significant portion of
the lower lobes lie below the diaphragmatic domes (1), it seems that a LAT CXR is reasonable when a disorder is
suspected, in particular since computed tomography has been recommended in ICU patients for such conditions
(6).
Our study demonstrates that a LAT CXR will localize the position of the distal tip of the Swan-Ganz catheter
(SGC) as previously reported (13,14). On both AP CXRs, it was not possible to determine whether the SGC tip
was in West zone 3. In one of our patients, repositioning the SGC resulted in a change in the location of the
catheter from a zone 2 to the appropriate zone 3 position.
In the ICU, the CXR should be monitored for the accumulation of fluid. A previous study has demonstrated the
value of a supine cross-table LAT CXR for the detection of pericardial effusions in suspected patients, but these
views were taken outside of an ICU setting (15). In our study, on two occasions a uniform haze either unilaterally
or bilaterally was noted, with the LAT radiographs definitely demonstrating the effusions.
Clinical assessment of nasogastric tube position is usually inadequate and a radiograph is necessary for this
purpose. The most frequent misplacements are incomplete insertion and tube coiling within the esophagus (7).
Anteroposterior CXRs have been used almost exclusively to confirm the location of such feeding tubes. We
detected, however, on LAT CXR a malpositioned bent nasogastric feeding tube in the stomach not detected on the
AP radiograph. Seven other feeding tubes were assessed during the study by LAT CXR and all were of normal
contour, without bends or disfigurement.
The final value demonstrated the worth of the LAT CXR in the ICU, was the detection of free air in the abdomen.
As part of our study, the LAT CXR disclosed air under the anterior abdominal wall not demonstrated on the AP
radiograph.
We believe it is possible that the LAT CXR can demonstrate other unexpected cardiopulmonary disorders that are
suggested by or escape the AP CXR in the ICU. Pneumothorax (16) and lung abscess (6) may be easier to detect
with a LAT CXR in an immobilized supine patient within the ICU. Furthermore, the route of catheters, wires, and
tubes may be better defined when a LAT CXR is added to the routine AP radiograph (7).
In conclusion, we believe that there is a role for the routine use of LAT CXRs in the ICU, in selected patients.
Patients should not have to be transported out of the ICU for more sophisticated studies of the thorax when a LAT
CXR may suffice. Although perfecting a method to obtain quality, reproducible LAT CXRs may be difficult, it can
and should be done by the radiology departments. The cooperation of all of the integral health team members
should be obtained as only in this fashion can the ICU patient have the maximal investigational benefit of portable
chest radiography.

Figure 1. Lateral radiograph cassette holder.
A = flat end that slides under the back of the
patient; B = perpendicular end that supports
the upright cassette film.
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SARS-COV-2: Pathophysiology
Kaniz N Banu, MD
Brookdale University Hospital Medical Center, Brooklyn, NY, USA
The zoonotic SARS-CoV-2 virus causes COVID-19 continues to spread worldwide, with devastating
consequences. In December 2019, a series of acute atypical respiratory disease occurred in Wuhan, China, rapidly
spread to all over the world. The novel coronavirus was named as the severe acute respiratory syndrome
coronavirus-2, SARS-CoV-2.
Presentations of SARS-CoV-2 infection range from asymptomatic, to mild or moderate respiratory and nonrespiratory symptoms, to severe COVID-19 pneumonia and ARDS with multiorgan failure; emerging evidence
also points to various long-lasting complications after SARS-CoV-2 infection (the post-COVID syndrome or long
COVID). The complex clinical picture suggest that SARS-CoV-2 elicits a host response that triggers wide-ranging
immuno-inflammatory,
thrombotic, and parenchymal derangements.
Viral life cycle and host cell invasion:
Transmitted via respiratory droplets & aerosols from person- person. Inside the body, the virus binds to host
receptors & enters host cells through endocytosis or membrane fusion. COVID-19 are made up of 4 structural
proteins, the spike (S), membrane (M), envelop (E) and nucleocapsid (N) proteins. The S protein is the one for
host attachment and penetration. ACE-2 has been identified as a functional receptor for SARS-CoV, through this
receptor S protein binds initially to start the host cell invasion by the virus.
Disease Pathophysiology:
Key Pathophysiological Mechanisms:
1. Viral Invasion,
2. Host Response:
Initial Physiological Immune Response
Physiological host immune response to SARS-CoV-2 infection
Induction of Marked and Pathogenic Proinflammatory Cytokine Storm
Prominent Changes in Hematology and Coagulation
Extrapulmonary Involvement and Progression to Multisystem Organ Failure
The type 2 transmembrane serine protease (TMPRSS2), present in the host cell, promotes viral uptake by cleaving
ACE2 and activating the SARS-CoV-2 S protein, which mediates corona virus entry into host cells. Profound
lymphopenia may occur when SARS-CoV-2 infects and kills T lymphocyte. In addition, the viral inflammatory
response, consisting of both innate and adaptive immune response impairs lymphopoiesis and increases
lymphocyte apoptosis.
\
In later stages of infection, epithelial-endothelial barrier integrity is compromised. SARS-CoV-2 infects
pulmonary capillary endothelial cells, accentuating the inflammatory response and triggering an influx of
monocytes and neutrophils. Autopsy studies have shown diffuse thickening of the alveolar wall with mononuclear
cells and macrophages infiltrating airspaces in addition to endothelitis. Interstitial mononuclear inflammatory
infiltrates and edema develop and appear as ground-glass opacities on computed tomographic imaging. Pulmonary
edema filling the alveolar spaces with hyaline membrane formation follows, compatible with early-phase acute
respiratory distress syndrome (ARDS). Bradykinin-dependent lung angioedema may contribute to disease.
Collectively, endothelial barrier disruption, dysfunctional alveolar-capillary oxygen transmission, and impaired
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oxygen diffusion capacity are characteristic features of COVID-19.
In severe COVID-19, fulminant activation of coagulation and consumption of clotting factors occur. A report from
Wuhan, China, indicated that 71% of 183 individuals died of COVID-19 met criteria for diffuse intravascular
coagulation. Inflamed lung tissues and pulmonary endothelial cells may result in microthrombi formation and
contribute to the high incidence of thrombotic complications, such as deep venous thrombosis, pulmonary
embolism, and thrombotic arterial complications (e.g., limb ischemia, ischemic stroke, myocardial infarction) in
critically ill patients. The development of viral sepsis, defined as life threatening organ dysfunction caused by a
dysregulated host response to infection, may further contribute to multiorgan failure.
The association between viral load and disease severity suggests that poor viral infection control by the immune
system is a major pathogenic contributor to severe COVID-19. COVID-19 is a new disease entity with a
pathophysiology distinct from that of influenza, non-COVID-19 related ARDS, and other coronavirus infections.
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Inflammation induced hyponatremia: Evidence for tumor necrosis factor-alpha
(TNFα) receptor type 1 (TNFR1) as a therapeutic target in its’ management
Dewan S. A. Majid
Department of Physiology, Tulane University Health Sciences Center, New Orleans, LA, USA
Abstract
Hyponatremia is a common electrolyte disorder that can be a life-threatening situation in severe inflammatory
disorders such as sepsis, acute respiratory distress syndrome (ARDS) and other conditions associated with
‘cytokine-storm’, including coronavirus disease of 2019 (COVID-19). Nearly a quarter of hospitalized patients in
Incentive Care Units (ICU) are suffering from this condition that may induce brain edema and cerebral contusion
with high mortality and morbidity. Managing such conditions adds a cost-burden of nearly $4 billion per year in
US economy which is skyrocketing further during this COVID pandemic period. Managing this disorder is
seriously hampered because its underlying pathophysiology has remained elusive. An increase in TNFα during
systemic inflammation may be involved in this hyponatremic mechanism as it is known that circulating TNFα
exerts potent natriuresis via its action on TNFR1. Systemic inflammation also induces non-osmotic release of
antidiuretic hormone (ADH), commonly known as ‘Syndrome of Inappropriate ADH’ (SIADH), that would cause
water retention to increase in extracellular fluid volume (ECV). Thus, the inflammation induced TNFR1 activation
and sodium loss coupled with SIADH induced increases in ECV, would lead to the serious condition of
hypervolemic hyponatremia. However, the role of TNFα -TNFR1 activation in causing SIADH is not yet clearly
defined. In this short review, some experimental evidence will be provided that indicate TNFR1 activation during
inflammatory process can be targeted therapeutically to prevent such critical condition of hypervolemic
hyponatremia. The importance of these co-morbidities also extends to several other clinical scenarios of
hyponatremia observed in patients in heart failure, liver disease and renal disease. Besides the pathophysiological
insights, the recognition of the propensity for both antidiuresis and natriuresis during inflammation is critically
important in selecting the appropriate intravenous fluid regimens in patients with this disorder such as in COVID19 condition.
Introduction
Severe inflammatory diseases such as sepsis, acute respiratory distress syndrome (ARDS) and other conditions
associated with ‘cytokine-storm’ including the COVID-19, are major health concerns, particularly in the present
days of pandemic era. Hypervolemic hyponatremia is a common feature in severe inflammatory diseases which
can be the most life-threatening condition, inducing cerebral contusion with brain edema, especially for the elderly
(11, 19, 20). This hyponatremic condition carries a significant risk of neurological impairment even in the absence
of brain edema in many inflammatory disorders including COVID-19 (6,17,20). Evidence to date indicates that
severe hyponatremia is associated with increased morbidity and mortality in hospitalized patients (14,17,31,36).
Nearly quarter of hospitalized patients in ICU are suffering from this electrolyte disorders with high mortality and
morbidity (11,19,20,34) that added a cost-burden of nearly $4 billion per year in US economy (2). Such cost is
further skyrocketing during this current pandemic period as the unprecedented mortality rate observed in COVID
infected elderly patients (8,10,17,20). The proper management of these terminally ill patients with these clinical
conditions is seriously hampered mainly because the underlying pathophysiology of critical hyponatremic disorder
is not yet clearly understood. Hypervolemic hyponatremia is characterized by a pronounced deficit of free water
excretion that leads to inappropriate water retention in comparison with the sodium concentration. This condition
occurs when the kidneys cannot excrete water efficiently due to excess antidiuretic hormone (ADH) secretion, but
at the same time, causing excess sodium excretion (3). This imbalance results in an expanded extracellular volume
(ECV) with dilutional low sodium concentration in plasma. As this condition of electrolyte disorders should be
managed carefully by restricting free water ingestion and/or by increasing renal excretion of solute-free water
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while preventing the loss of sodium in urine, it has been always a critical problem in patients with underlying
severe inflammatory conditions.
Inflammation induced TNFα release and its natriuretic effect
TNFα is a proinflammatory cytokine produced by immune cells, mainly T-lymphocytes, although other sources
include white blood cells, vascular endothelial cells, and renal tubular epithelial and mesangial cells (27). TNFα
belongs to a family of both soluble and cell-bound cytokines which has a wide range of functions such as
inflammation, lymphoid development, and apoptosis (22, 27). It is well known that as a proinflammatory cytokine,
TNFα releases during inflammatory process when a person sustains an injury or experiences bacterial or viral
infections (44). TNFα was originally described as a circulating factor that can cause necrosis of tumors as its’
initial nomenclature indicate (4) but has since been identified as a key regulator of the inflammatory response (27).
TNFα can exist in biological tissues as one of two isoforms, membranous isoform (mTNFα; 26-kDa) that appears
in the cell surface and the soluble isoform (sTNFα; 17-kDa) that is circulated in plasma and body fluids and
regulates mostly the systemic function of this cytokine (27). The massive increase in TNFα production occurs
during severe inflammatory process such as in ‘cytokine storm’ induced in many conditions including COVID-19
(14,21,28,32). In the circulation, TNFα is mainly sTNFα and this isoform is inducing systemic effects in different
organs of the body including the kidney. TNFα has been reported to exerts its cytokine signaling function through
two different receptors, TNFα receptor type 1 (TNFR1, p55) and TNFα receptor type 2 (TNFR2, p75) (5,39).
which are differentially expressed and regulated in biological tissues (27). While membrane tethered mTNFα has
the equal affinity for both the receptors, the circulating sTNFα has the maximal high affinity to interact with
TNFR1 with no or minimal affinity for TNFR2 (43). In the kidney, while TNFR2 plays a role in renal
inflammation (40), TNFR1 activation induces a natriuretic effect by inhibiting tubular sodium transports and
epithelial sodium channel (ENaC) activity (5, 22, 39). In our laboratory (5, 39), we have demonstrated that
intravenous administration of a recombinant TNFα (equivalent with sTNFα) in mice induces natriuretic effect
which is prevented in mice lacking the gene for TNFR1 but not in mice lacking the gene for TNFR2, confirming
that such natriuretic action of TNFα is mediated by the activation of TNFR1 in the kidney. These initial findings in
our laboratory draws a substantial interest among the researchers in this field as there are many reports describing
the hyponatremic condition observed in chronic inflammatory condition in humans (12,29,38). Based on the
experimental findings using rodents in our laboratory (5, 22, 39), it can be postulated that sTNFα induced TNFR1
activation in the renal tubules caused excessive sodium excretion in urine and thus, may leads to hyponatremic
condition in systemic inflammation.
Inflammation induced non-osmotic release of ADH
A growing body of evidence in recent days also points to an important role for pro-inflammatory cytokines in the
non-osmotic release of ADH (commonly known as arginine vasopressin) by the hypothalamic-pituitary axis
(6,7,9,35). Syndrome of inappropriate ADH (SIADH) secretion is considered a common cause of this abnormality.
However, how such non-osmotic secretion of ADH is regulated, particularly in inflammatory responses, is not yet
clearly understood. Although an anti-inflammatory effect of ADH on induced generalized inflammation as in
sepsis condition in patients has been suggested (35), the opposite was also noted that pro-inflammatory cytokines
such as TNFα, released from inflammatory stress condition can activate hypothalamus to produce ADH (9,35,44).
Although another pro-inflammatory cytokine, interleukin-6 has been suggested to be linked with SIADH based on
the findings of negative correlation between plasma levels of sodium and IL-6 in a limited number of patients (1),
experimental studies also revealed that TNFα released during inflammation primarily regulated the production of
IL-6 in such condition (44). It has been demonstrated that TNFR1 is the major mediator of the actions of TNFα
that implicates in glutamate dependent neural communication that potentiates NMDA receptor-mediated signaling
(11, 48) and thus, it is conceivable that TNFR1 activation is involved in ADH release by hypothalamus (33).
A link between TNFR1 activation and ADH release is also evident from our recent experiments in mice in our
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laboratory. It is well known that systemic production of TNFα occurs during chronic high salt intake (23,40) as
well as in chronic angiotensin II (AngII) administration in mice (13, 42). In a recent study (23), we have reported
that TNFR1 protein expression in renal tissue was enhanced in mice which were chronically fed with high salt
(HS; 4% NaCl) containing diet compared to that in normal salt (NS; 0.03% NaCl) containing diet. However, this
HS induced enhanced TNFR1 response was compromised when mice were chronically treated with AngII. In that
study (23), it is interesting to note that the changes in urine flow and sodium excretion was not occurred parallelly
in these different treatment groups. While sodium excretion was higher in HS intake groups compared to
AngII+HS treated groups, urine flow was lower in HS group compared to that in AngII+HS group. The reason for
such unusually disassociated responses to HS or AngII+HS intake on urine flow and sodium excretion could be
related to the differences in the secretion pattern in ADH in these different groups of mice that relates to variations
in TNFR1 activity in different condition. Although in that study (23), we did not examine the TNFR protein
expressions pattern in hypothalamic tissues of those treated mice, it is conceivable that the changes in TNFR
proteins in hypothalamic tissue would be similar as that observed in renal tissue. Thus, when TNFR1 protein
expression/activity was increased during chronic HS intake alone, it increases sodium excretion but preventing
paralleled water excretion by the kidney due to an increase in non-osmotic ADH release. The opposite occurred in
AngII+HS group in which TNFR1 expression/activity was suppressed, so sodium excretion was lowered but water
excretion was higher due to possible decrease in ADH secretion. In some preliminary experiments (24-26), we
have observed that TNFR1 expression in renal tissue is decreased in nitric oxide (NO) deficient mice compared to
intact mice. These findings indicate that TNFR1 expression/activity increased as there is increased NO activity as
it may occurred in Sepsis and other forms of endotoxemia (18, 45).
Inflammation induced ADH release (SIADH!) is generally a common phenomenon in various lung infections
including acute and chronic respiratory failures (41,46). The clinical conditions in COVID-19 are characterized by
severe lung infections and then spreading this infection systemically to affect other organs (16, 46). Lung
infections such as ARDS and severe acute respiratory syndrome (SARS) are common conditions induced by
coronavirus 2 that causes COVID-19. When such severe inflammatory conditions with lung congestion occurs in
patients with congestive heart failure (CHF), decompensated liver cirrhosis and nephrotic syndrome, an increase in
non-osmotic release of ADH would further aggravates the function of these organs (heart, lungs, and kidney) due
to increase in circulatory plasma volume by enhanced water permeability in the renal collecting duct cells (30).
Although the mechanism of this ADH release in CHF condition is not yet clearly understood, it is to be noted that
CHF induces a chronic inflammatory condition with enhanced TNFα level in the circulation (37). ADH-dependent
antidiuresis produces water retention and increases the circulatory blood volume in CHF and resulting in dilutional
(hypervolemic) hyponatremia (15). However, it has been reported that patients with COVID-19 have a high
significant incidence of heart failures (34) that complicates with electrolyte disorders of hyponatremia (15). Thus,
it is critically important to understand the role of TNFα and its effect via TNFR1 activation in such non-osmotic
release of ADH in CHF. It is to be emphasized here that TNFα is also involved in endothelial cell activation to
facilitates the recruitment and attachment of circulating leukocytes to the vessel wall, barrier dysfunction and
increase in endothelial cell permeability resulting in edema formation (24). The importance of these connections
extends to several clinical scenarios of hyponatremia and inflammation, including hospital-acquired hyponatremia,
postoperative hyponatremia, exercise-associated hyponatremia, and hyponatremia in the elderly. Besides insights
in the pathophysiology, the recognition of the propensity for both these concurrent actions of antidiuresis and
natriuresis during inflammation is also important in monitoring and selecting the appropriate intravenous fluid
regimen in patients with generalized inflammatory disorders such as in COVID-19 condition. Complicated
treatment regime to deal with replacing the loss of electrolytes while preventing or combating fluid excess posing
a critical situation in the management of these patients (26). Thus, identifying a mechanistic pathway in inducing
this condition would be a breakthrough discovery to properly manage and prevent the unusually very high
mortality and morbidity in these critical patients with electrolyte disorders.
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TNFR1 activity as a therapeutic target in the management of hyponatremia:
Our pioneered works in the laboratory on characterization of the biological effects of TNFα in modulating renal
excretory function (5, 22-26,27,39, 40, 42) have established the fact that the activation of TNFR1 receptor in the
kidney resulted in natriuresis that could lead to hyponatremia in chronic inflammatory conditions that induces the
production of this cytokine. Moreover, based on the information presented earlier, it is also reasonable to postulate
that TNFR1 activation in hypothalamus in generalized inflammatory conditions induces non-osmotic ADH release
which acts on the kidney to mediate anti-diuretic action leading to fluid retention to increase in ECV. Thus,
combination of such dual actions (anti-diuresis and natriuresis) of TNFR1 activation would lead to this severe
electrolyte disorders of hypervolemic hyponatremia. This postulated mechanism is illustrated in Figure 1 as given
below.

Figure 1: Postulated mechanism of hypervolemic hyponatremia due to TNF receptor type 1 (TNFR1) activation.

In generalized inflammatory condition, TNFα that is circulating in plasma is basically its soluble isoform (sTNFα).
As the circulating sTNFα has the maximal affinity to interact with TNFR1 with no or minimal affinity for TNFR2
(43), such an increase in this cytokine level would activate TNFR1 in different organs including kidney and
hypothalamus. Thus, based on this postulated mechanism, it is expected that the specific inhibition of TNFR1
during cytokine storm would prevent this life-threatening electrolyte disorder and will have tremendous
therapeutic benefit in such critical condition. Future research will validate this beneficial effect of specific TNFR1
inhibition in preventing hyponatremic condition in generalized inflammatory disorders. The protective
effects of TNFα inhibition using many biologic TNFα inhibitors in preventing inflammatory responses have been
demonstrated both experimentally and therapeutically in many clinical conditions. However, these studies mostly
focused on generalized blockade of TNFα effects on both the receptors (TNFR1 and TNFR2) and in some cases,
only inhibiting mostly the TNFR2. To address the specific role of TNFR1 in inducing hypervolemic hyponatremia,
future experiments in the laboratory as well as in clinical setting would be required to evaluate the responses to the
agents that could be used therapeutically to inhibit specifically the TNFR1 activity but sparing the effect of
TNFR2 activity. In this consideration, a recently invented, TNFα neutralizer agent, XPro1595 (INmune Bio Inc.
La Jolla, CA 92037) (43) would be an important tool in future investigation to combat this critical condition of
hyponatremia in inflammatory disorders. This protein (XPro1595) is a non-receptor binding variant of TNFα
which forms a heterotrimers with native circulating sTNFα and prevents its interaction with TNFR1 and thus, acts
as a specific inhibitor of circulating sTNFα activity (43).
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Conclusion:
The experimental evidence revealed so far from my laboratory and others, strongly suggest that an increase in
TNFα during systemic inflammation induces natriuretic as well as antidiuretic responses via its action on TNFR1
in renal tubules and in hypothalamic-pituitary axis in the brain. Such sodium loss coupled with SIADH induced
fluid retention by the kidney would lead to the serious condition of hypervolemic hyponatremia in generalized
inflammatory conditions. Future experiments in the laboratory would be needed to validate this specific role of
TNFR1 in inflammation induced electrolyte disorders in many clinical conditions. These results will be of cardinal
importance in developing ‘translational research projects’ targeting the therapeutic benefit of specific blockade of
TNFR1 activity in clinical management that will resolve the long-standing life-threatening condition of
hypervolemic hyponatremia in many inflammatory disorders including COVID-19.
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Monkeypox is a rare infectious viral disease that can occur in both human and some other aminals (1). Monkeypox
is caused by infection with the moneypox virus – a double-stranded DNA virus in the genus Orthopoxvirus,
family Poxviridae (2). Of the two types in humans, the West African type causes a less severe disease than the
Central African (Congo Basin) type (3). The Orthopoxvirus genus also includes variola virus (which causes
smallpox), vaccinia virus (used in the smallpox vaccine), and cowpox virus. The disease usually occurs in remote
areas of Central and West African countries, near rainforests. There are two strains of this virus. Then West African
and Central African. However, this spring has recently appeared in Britain, many European countries, Canada,
Australia, Israel, including the United States. This has caused anxiety, worry and panic among people all over the
world. This review article focuses on Monkeypox infectious viral disease.
Introduction
Monkeypox was first discovered in 1958 when two outbreaks of a pox-like disease occurred in colonies of
monkeys kept for research, hence the name ‘monkeypox.’ The first human case of monkeypox was recorded in
1970 in the Democratic Republic of the Congo (DRC) during a period of intensified effort to eliminate smallpox
(4). Since then, monkeypox has been reported in people in several other central and western African countries:
Cameroon, Central African Republic, Cote d’Ivoire, Democratic Republic of the Congo, Gabon, Liberia, Nigeria,
Republic of the Congo, and Sierra Leone. The majority of infections are in Democratic Republic of the Congo.
Monkeypox cases in people have occurred outside of Africa linked to international travel or imported animals,
including case in the United States, as well as Israel, Singapore, and the United Kingdom. The natural reservoir of
monkeypox remains unknown. However, African rodents and non-human primates (like monkeys) may harbor the
virus and infect people.
Signs and symptoms
In humans, the symptoms of monkeypox are similar to but milder than the symptoms of smallpox. Monkeypox
begins with fever, headache, muscle aches, backache, swollen lymph nodes chills and exhaustion (5,6). The main
difference between symptoms of smallpox and monkeypox is that monkeypox causes lymph nodes to swell
(lymphadenopathy) while smallpox does not. The incubation period (time from infection to symptoms) for
monkeypox is usually 7−14 days but can range from 5−21 days (7). Within 1 to 3 days (sometimes longer) after
the appearance of fever, the patient develops a rash, often beginning on the face then spreading to other parts of
the body. Lesions progress through the following stages before falling off: macules, papules, vesicles, pustules,
scabs. The illness typically lasts for 2−4 weeks. In Africa, monkeypox has been shown to cause death in as many
as 1 in 10 persons who contract the disease.
Transmission
Monkeypox spreads between people primarily through direct contact with infectious sores, scabs, or body fluids. It
also can be spread by respiratory secretions during prolonged, face-to-face contact (8). Monkeypox can spread
during intimate contact between people, including during sex, as well as activities like kissing, cuddling, or
touching parts of the body with monkeypox sores. At this time, it is not known if monkeypox can spread through
semen or vaginal fluids. It is not yet known what animal maintains the virus in nature, although African rodents
are suspected to play a part in monkeypox transmission to people. The virus can also cross the placenta from the
mother to her fetus.
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Prevention
There are number of measures that can be taken to prevent infection with monkeypox virus:- Avoid contact with
animals that could harbor the virus (including animals that are sick or that have been found dead in areas where
monkeypox occurs). Avoid contact with any materials, such as bedding, that has been in contact with a sick
animal. Isolate infected patients from others who could be at risk for infection. Practice good hand hygiene after
contact with infected animals or humans. For example, washing your hands with soap and water or using an
alcohol-based hand sanitizer. Use personal protective equipment (PPE) when caring for patients. Practice good
hand hygiene after contact with infected animals or humans. JYNNEOSTM (also known as Imvamune or Imvanex)
is an attenuated live virus vaccine which has been approved by the U.S. Food and Drug Administration for the
prevention of monkeypox. On November 3, 2021, the Advisory Committee on Immunization Practices (ACIP)
voted to recommend JYNNEOS pre-exposure prophylaxis as an alternative to ACAM2000 for certain persons at
risk for exposure to orthopoxviruses.
Treatment
Many individuals infected with monkeypox virus have a mild, self-limiting disease course in the absence of
specific therapy. However, the prognosis for monkeypox depends on multiple factors such as previous vaccination
status, initial health status, concurrent illnesses, and comorbidities among others. Currently there is no specific
treatment approved for monkeypox virus infections. However, antivirals developed for use in patients with
smallpox may prove beneficial. In the European Union and the United States, tecovirimat is approved for the
treatment of several poxvirus, including monkeypox (9). BMJ Best Practice recommends tecovirimat or the
smallpox treatment brincidofovir as the first line antiviral treatment if required, alongside supportive care
(including antipyretic, fluid balance and oxygenation). Empirical antibiotic therapy or acyclovir may be used if
secondary bacterial or varicella zoster infection is suspected, respectively (10).
Conclusion
Since, there is no specific treatment for monkeypox. Therefore, its prevalence can be controlled by preventing
infection. In addition, the patient is treated according to the symptoms, such as - treatment in case of fever. In this
case, taking antiviral drugs can also help reduce the symptoms of the disease. However, the smallpox vaccine has
been found to be 85% effective to prevent monkeypox as well as do not be panic, follow the rules of prevention
and stay healthy.
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Introduction
Polio (poliomyelitis) is a highly infectious disease caused by a virus and mainly affects children under 5 years of
age. Polio cases had been decreased by over 99% since 1988 while the disease was endemic in 125 countries. An
estimated 350,000 cases went down to 37 reported cases in 2016. In 2017 there were only 16 cases in just two
countries: Afghanistan and Pakistan. Among the 3 strains of wild poliovirus (type 1, type 2, and type 3), type 2
was eradicated in 1999 and no case of wild poliovirus type 3 has been found since the last reported case in Nigeria
in November 2012. In 1988, the Forty-first World Health Assembly adopted a resolution for the worldwide
eradication of polio. It marked the launch of the Global Polio Eradication Initiative (GPEI). Overall, since the
GPEI was launched, the number of cases has fallen by over 99%. In 1994, the WHO Region of the Americas was
certified polio-free, followed by the WHO Western Pacific Region in 2000 and the WHO European Region in June
2002. On 27 March 2014, the WHO South-East Asia Region was certified polio-free. More than 16 million people
are able to walk today, who would otherwise have been paralyzed.
Polio eradication efforts in Sudan started in 1994. The last endogenous wild poliovirus case was reported in 2001.
An importation in 2004 led to an outbreak of the virus towards countries in the Horn of Africa, with the last case
reported in June 2005. Later, there were subsequent importations of wild poliovirus in 2007 and 2008, with one
and two cases, respectively. The last wild poliovirus outbreak was in 2009, when an importation led to 5 cases in 2
states. The genomic sequencing indicated a link with wild poliovirus circulating in South Sudan. The country has
been polio-free since then. Since 1994, Sudan has conducted national immunization days (NIDs). Following the
last outbreak which ended in 2009, Sudan has conducted NIDs at least twice annually and sub-NIDs in high-risk
states to boost population immunity.
The tragic consequence of polio in Africa is the tragedies of millions of children with permanent paralysis. A
polio-free world is apparently visible, however, to pick up traces of the poliovirus, finding and managing the
remaining gaps in national health system capacities is critical. Only two countries remain on the global endemic
list – Afghanistan, and Pakistan. Sudan is the third largest country in Africa remains alert against polio due to
insecurity, forced displacement, frequent nomadic population movement and inaccessibility in some areas make it
challenging for immunization health workers to consistently reach all children with vaccines. Refugee influxes
across porous borders with conflict-affected neighboring countries exacerbate the risk of diseases. The purpose of
this study was to assess the polio eradication activities with focus on AFP surveillance and NIDs management.
Methods
Study area and setting
Sudan is divided into 26 states under a federal state government; each state is headed by Wally (State Governor).
States were subdivided into 123 provinces, which in turn were subdivided into 533 localities. From the beginning
of March 2003, each state became divided into localities. The new localities are mostly the old provinces in the old
subdivisions. The old localities became administrative units. Kassala state with surface areas of 42,282 square
kilometers constitutes the southern area of the eastern zone of Sudan. Kassala state is situated about 650
kilometers east of Khartoum. The state of Kassala has Red Sea on north, River Nile on it’s west, south it has
border with Gedaref and on east side has got a controversial border with Eritrea. As of March 2003, Kassala state
was divided administratively, this study covered all 5 localities and 11 administrative units.
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Study Participants
The study population of this investigation included all children less than 5 years old living in the Kassala state of
Sudan.
Study design
This was a descriptive cross-sectional study conducted between September and December 2006. Quantitative and
qualitative methods were used during investigation and analysis.
Data collection and analysis
The methods used for data collection included both interviews and focus group discussion (FGD) after verbal
consent. Data was collected from parents, caregivers, health care providers, community key Informants and
different investigation reports which include routine, Expanded Programme on Immunization (EPI),
Supplementary Immunization Activities (SIA), and surveillance data. The extracted data was entered into
Microsoft Excel for analysis.
Results
Acute flaccid paralysis (AFP) surveillance
Kassala had strong AFP surveillance structures on the ground with vaccinators, medical assistants and volunteers
conducting daily active AFP case search at health facilities and designated reporting sites. The expected number of
AFP cases for the whole year was seven; however, fifteen AFP cases were reported to date; four cases were
reported from Kassala, seven cases from Nahar Atbra, three cases from Setit and one case from Al-Gash locality
except Hamshkorib. Hamshkorib locality was considered as one of the main obstacles against AFP surveillance,
routine EPI and SIAs activities among five localities in Kassala state due to security reason. Kassala had 16 AFP
sentinel site and 27 AFP reporting sites which were visited by 43 trained staffs.
A total of 37 and 15 AFP cases were investigated in Kassala state in 2005 and 2006, respectively. Among 37 cases
in 2005 five were wild polio, 73% of those were vaccinated with at least 3 doses of OPV, 4 cases (10.81%) found
zero doses, 54% were female child and 78% were found less than 5 years. In 2006, among 15 cases of this state
none were from wild polio, 93% of those were vaccinated with at least 3 doses of OPV, 1 cases (6.66%) found
zero doses, 53% were male child and 73% were less than 5 years. In the year 2006, the non-polio acute flaccid
paralysis (NAFP) rate was 2.7, the stool adequacy rate was 100 %, completeness of zero report was 100%, the
percentage of AFP case with 60+ days follow up conduction was 93% and the non-polio enterovirus (NPEV)
isolation rate was zero.
National Immunization Days (NIDs)
The 1st round of 15th NIDs from 5-7 November and 2nd round 10-12 December 2006 were conducted. According
to the Independent monitors’ investigations just after completion of 1st round of the 15th NIDs, the vaccination
coverage was 97.67% among children under years old, 76 children were unvaccinated out of 3,268, vaccination
team were not reached/visited 25 children and 51 children were absent, vaccination team did not mark the sign of
324 houses properly out of 1,631, and 70 cases (2.19%) found zero doses. In terms of the assessment of
knowledge of the community people regarding the NIDs, 79% found good level. They gathered the information
55.4% from radio, 22.0% from microphone, 16.7% from television, 3.7% from Health Workers (HWs) and 2.2%
from other sources.

Discussion
Since 1994 to date 15 NIDs have been implemented. The coverage has gradually increased from 3
million in 1994 to 6.35 million children in 2006. The programme has adopted and performed
strategies of effective and high quality NIDs by the end of 9th NIDs. As a part of the national
commitment to eradicate polio, the Kassala state has implemented all NIDs. The Kassala region had a
good surveillance system for conducting routine active AFP surveillance at the facilities. The status of
the AFP surveillance system going by the performance indicators had shown increasing progress in
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2006. The key surveillance indicators in the Kassala state were satisfactory meeting the international certification
standards. All the AFP indicators showed improvement in the service delivery except NPEV isolation rate. In the
year 2006, timeliness and completeness of zero report was 100% as a result of mobile phone communication in the
region.
The success of the NIDs campaigns was the high level of motivation of all staffs among community members,
NGOs and volunteers that was a contributing factor. The repeated campaigns also increased the polio awareness in
the communities. The provision of polio aprons and banners motivated the teams and was a boost to social
mobilization. In contrast, non-assessable road network in this region, and the large population movement across
the borders and in search of water for the animals were the major challenges to cover every child during SIAs and
AFP surveillance. Community surveillance network was not found strong, and literacy level among the few field
staff and volunteers during SIAs was a hindrance to quality data capture and information dissemination.
Knowledge, responsibilities and the role of focal persons in AFP surveillance were not found fully satisfactory and
frequent turnover of doctors in the health facilities was an obstacle against AFP surveillance. The importance of
AEFI was not well understood to vaccinators, supervisors and managers. More intense cross border coordination,
post campaign NIDs review and re-strategic plans for the next steps, periodic formal discussion on AFP
surveillance and polio eradication activities, and organizing training of vaccination staffs are recommended for the
SIAs and AFP surveillance. The majority of the community women in the region had little knowledge on the polio
disease but their awareness level about the polio campaign was good.
North Sudan recorded 94 and 12 wild polioviruses (WPV) in 2004 and 2005, respectively. In this period, Kassala
contributed a total of nine cases and eight cases from Rashida tribe, who were nomad tribe moving in and out of
Kassala to other states Red Sea, River Nile, Gedaref, Khartoum and Eritrea for trading and seeking labor, grass
and water for their animals. There are many refugees moved in and out of Kassala state to other neighboring states
and countries. There were continuous migration and movement of population inside the state, from one state to
another state and to the neighboring international countries, which leads to inaccurate estimation of targets and
validity of different indicators. The analysis of the situation on the ground is specifically for the Kassala region;
however, it could be related to other regions in North Sudan.
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Adult T-cell leukemia/ lymphoma (ATL/ATL) is an aggressive form of CD4+ T-cell leukemia/lymphoma. The
primary cause of this fatal disease is infection by human T-cell leukemia virus type I (HTLV-I) (1-3). ATL was first
identified in Japan by Takatsuki et al. in 1977 (4). The Japanese Lymphoma Study Group proposed four subtypes
of ATL such as acute, lymphoma, chronic, and smoldering in 1991 (5). Up to now, though there are several new
therapies have been developed, no curative regimen is accepted for the treatment of ATL. The median survival
time of acute and lymphoma subtypes of ATL patients without receiving an allogeneic hematopoietic stem cell
transplantation was found to be 7.7 months (6). These data were obtained based on a survey of the diagnosed ATL
patients from 2000 to 2009. There are several new treatment options available including multi-agent
chemotherapy, and monoclonal antibody but the overall prognosis of ATL is still poor. Among the other cause,
resistance to the conventional high-dose chemotherapy is one of the main factors associated with its poor
prognosis. (J Lab Precis Med 2018;3:9)

Narita et al. identify a specific sensitivity of ATL cells to CDK9 inhibition (7). BAY 1143572, an inhibitor specific
to CDK9 (Bayer AG Pharmaceuticals Division, Berlin, Germany), inhibits the cell proliferation and induces
apoptosis in ATL-derived and HTLV-I-immortalized cell lines dose-dependently. BAY 1143572, a selective
inhibitor of PTEFb/CDK9, inhibits the phosphorylation of RNAPII at a Ser2 site, and thereby inhibits the
transcription of c-Myc and Mcl-1 in ATL-derived or HTLV-I-immortalized cell lines. BAY 1143572 also inhibits
the growth and induces the apoptosis in T-ALL lines dose-dependently in association with phosphorylation of
RNAPII at a Ser2 site in all T-ALL lines tested as well as the inhibition of c-Myc and Mcl-1.
The authors also found that BAY 1143572 inhibits the growth of primary ATL cells freshly isolated from
diagnosed ATL patients. Initially, growths of CD4-positive cells from healthy individuals were also interfered with
BAY 1143572 but a slight increase in the cell viability was observed with increasing concentration of the
chemical, in contrast. In Western blotting, essentially the same results were noticed, namely BAY 1143572
inhibition of RNAPII phosphorylation at a Ser2 site. However, it is important to recognize that inhibitory effects
are variable among patients’ samples; rather weak or no effect was seen in cells isolated from some acute type ATL
patients. The final observation of prolongation of survival time of BAY-treated ATL mouse group compared with
the untreated controls confirms the anti-ATL activity of BAY 114372. Intraperitoneal inoculation of leukemic cells
of a cell clone initially established from an acute type ATL patient, S-YU BAY into NOG mice resulted in the
development of intraperitoneal masses in the mesentery within three to four weeks after inoculation. In macro- and
microscopic observations of NOG mice, liver tissues, and bone marrow were aggressively infiltrated by ATL cells
in control mice whereas those from mice orally treated with BAY 1143572 were histologically intact. Thereby, it is
concluded that initial treatment with BAY 1143572 significantly decreased the liver and bone marrow infiltration
of ATL cells upon inoculation. The serum level of human sIL2R also significantly reduced after treatment with
BAY 1143572, reflecting the reduced cancer activity and tumor burden in ATL cells-inoculated mice. Cyclindependent kinase 9 (CDK9) is a member of serine/threonine kinase family that forms a positive transcription
elongation factor b (P-TEFB) complexes. P-TEFB plays an important role in stimulating and regulating the gene
transcription elongation of most protein-coding genes by phosphorylating the C-terminal domain of RNA
polymerase II (8). CDKs are essential in mammalian cell biology. Dysfunction of CDK9-related signaling
pathways is related to developing and maintaining of several human malignancies (9). It has been also reported
that the replication program of numerous viral agents, including HTLV-I, is regulated by CDK-9 related pathway
(10,11).
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Therefore, it has been hypothesized that CDK9 inhibitors might be a novel therapeutic target for the treatment of
ATL.
Narita et al. have identified a specific sensitivity of ATL cells to a selective inhibitor of CDK9/P-TEFB, BAY
1143572 and evaluated the therapeutic effect of this inhibitory compound to ATL with poor prognosis (7).
However, some major drawbacks appear in this study. The study found that in addition to inhibition of cell
proliferation and induction of apoptosis of ATL-derived or HTLV-I-transformed cell lines and primary ATL cells,
BAY 1143572 also inhibits the proliferation of CD4-positive cells from healthy volunteers. Median inhibitory
concentrations (IC50) of BAY 1143572 in ATL-derived or HTLV-I–transformed lines (n=8), primary ATL cells
(n=11), and CD4-positive cells from healthy volunteers (n=5) were 0.535, 0.30, and 0.36 µM, respectively. There
is essentially no difference in terms of selectivity (IC50) though normal cells seem to show more resistance to the
drug at higher concentration ranges. In in vivo study, an isolated leukemic cell clone from an ATL patient was
injected intraperitoneally (ip) into NOG mice to develop ATL model and to evaluate the effect of BAY 1143572.
As previously reported, NOG mouse is a novel recipient of leukemic cells, hematopoietic stem cells and all blood
cells (12). Investigators did not rule out the effect of BAY 1143572 in vivo whether it was patient specific or not
since one ATL patient sample was used for this study. Previously, we established very simple and useful mouse
model to study pathophysiology of primary ATL cells by using the same NOG mice (13). All peripheral blood
samples freshly isolated from various subtypes of ATL patients tested were readily transplanted in mice.
Furthermore, the IC50 values of BAY 1143572 in S-YU cells were much higher than those in primary ATL cells in
vitro. The authors state that in human ATL patients, the antitumor effect of BAY 1143572 could be observed much
more clearly than in ATL mice (7). Hence, the anti-ATL effect of BAY 1143572 is expected to be analyzed further
in different subtypes of primary leukemic cells freshly isolated from ATL patients by using NOG mice. Also,
authors did not show IC50 of BAY 1143572 on mouse cells. Above drawbacks will limit the use of BAY 1143572
for the treatment of ATL and indicates that further research for more specific and safer CDK9 inhibitors is
necessary.
Besides therapeutic aspects of CDK9 in ATL, this paper also highlighted a possible role of CDK9 in ATL
leukemogenesis. The disease develops after a long latent period of infection of HTLV-I. The study shows that the
reason behind this long latency is due to accumulation of multiple genetic events in the HTLV-I-infected cells.
However, the definitive molecular mechanism behind this leukemogenesis and late development of ATL is not
fully understood. The viral gene Tax is considered to play a crucial role in this HTLV-I-induced transformation
through transactivation of the HTLV-I long terminal repeat. At the same time, the other cellular genes such as
those encoding IL-2, and the α-chain of the IL-2 receptor (IL-2Rα) (CD25, Tac) are involved in the T-cell
activation and growth (14). Induction of other cellular genes by Tax is mediated through the activation of
transcription factor NF-κB. The malignant ATL cells of all phases express a high level of IL-2Rα. However, even
though the Tax protein plays a central role in leukemogenesis, it is not detected in all ATL patients (15). A second
HTLV-I specific gene called HBZ gene has been discovered recently associated with HTLV-I pathogenesis (16).
HBZ gene seems to be active in ATL cells even at late stages. Hence, it is possible that HBZ gene is crucial for
maintenance of the leukemic state through replacing the role of Tax protein which is required for the early
proliferation of ATL cells. The fundamental treatment for ATL consists of combination chemotherapy and
allogeneic hematopoietic stem cell transplantation, if applicable (17). A combination therapy using interferon-α
/zidovudine has been approved outside Japan as a therapeutic option for acute, chronic, and smoldering-type ATLs
(18). Previously, we were able to show the anti-ATL effect of ritonavir, an HIV protease inhibitor, on primary ATL
cells by using the same NOG mice (13). The study shows that this drug induces apoptosis and inhibits
transcriptional activation of NF-κB in malignant/HTTLV-I-infected cells. Furthermore, ritonavir inhibits the
expression of the target molecules such as NF-κB, Bcl-xL, survivin, c-Myc, and cyclin D2. Ritonavir-treated NOG
mice also show a reduction of tumor growth and infiltration in various organs very efficiently. The drug dose used
was the same dose as used for treatment of patients with AIDS. Unfortunately, no further clinical studies have
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been conducted against ATL with this drug thereafter.
Because of its crucial role in cell survival, CDK9 was actually put forth as a potential therapeutic target in a
number of malignancies such as hepatocellular carcinoma, ovarian cancer, and hematological malignancies
(19,20). With an aim to seek for cancer species in which CDKs play an active role, screening of more than 1,500
CDKs inhibitors against 78 cancer cell lines was performed to systematically uncover genotype-specific
vulnerabilities (21). As a result, Brägelmann et al. identified a specific sensitivity of BRD4-NUT-rearranged NUT
midline carcinoma (NMC) cells to CDK9 inhibition. CDK9 inhibition apparently affects transcriptional
elongation, de-regulates MYC signaling, and induces apoptosis by suppressing anti-apoptotic MCL1. These results
suggest that CDK9 could be a promising target in NMC. Progress of systematic genomic profiling of tumors and
targeted therapeutics seems to open a new path for the treatment of cancer patients (21).
Apart from CDK inhibitors, several new candidate molecules have been developed as anti-ATL reagents. Among
others, attempts have been made to target surface antigens such as CCR4 and CD30 on ATL cells with novel
monoclonal antibodies. In particular, the CCR4 monoclonal antibody Mogamulizumab (Potelligeo) was
successfully introduced in the clinical settings by a group of one of the coauthors of this paper, and promising
results were obtained (22). Mogamulizumab show strong ADCC on target ATL cells by efficient and antigenspecific activation of NK cells due to increased binding to FcγRIIIa.
Currently, the leading role in cancer therapy is played by combination therapy. In addition to the original standard
care for cancer patients including chemotherapy, surgery, radiation therapy, a therapy that combines various
regimen has been attempted. Besides already mentioned antibody medicine, various immunotherapy methods are
becoming available (23). These include adoptive immunotherapy using immune cells such as NK cells, dendritic
cells, killer T-cells with or without genetic modification like CAR-T cells, and immune checkpoint inhibitors.
More recently, oncolytic virus therapy, which many infectious viruses preferentially infect cancer cells and destroy
the target cancer cells, has attracted attention (24). Over 3 decades ago, we showed that human immunodeficiency
virus type 1 (HIV-1), a causative agent of AIDS, preferentially infects and destroys ATL cells very efficiently (25).
Selective killing of cancer cells by the virus is a phenomenon commonly seen by infection with conventional
viruses which are not as pathogenic as HIV.
In conclusion, present CDK9-specific inhibitor or its successor is expected to become a powerful tool to treat
malignancy such as ATL. Especially, their combination with various immuno-therapeutic medicines and oncolytic
viruses will be of particular interest.
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